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CHAPTER  LIII. 

HERNIA. 

By  William  B.  Coley,  M.D., 

NEW    YORK. 

General  Considerations.— The  term  *' hernia"  is  probably  de- 
rived from  the  Greek  word  Z/owr,  meaning  "an  offshoot,"  and,  strictly 
speaking,  may  be  applied  to  any  protrusion  or  projection  from  the  sur- 
rounding surface,  e.  g.,  hernia  cerebri.  When  used  alone,  the  term 
hernia  has  come  to  be  synonymous  with  rupture,  and  is  applied  to  a  pro- 
trusion of  some  one  or  more  of  the  abdominal  viscera,  through  a  normal 
or  an  abnormal  opening.  While  rupture  is  the  term  most  conmionly 
used  by  the  laity  in  describing  this  condition,  it  is  misleading,  since  it 
rests  upon  a  false  conception  of  the  etiology.  The  term  originated 
at  a  time  when  it  was  generally  believed  that  traumatism,  or  a 
tearing  of  the  muscular  structures  by  some  direct  or  indirect  violence, 
was  a  frequent  and  important  cause.  The  great  increase  in  our  knowledge, 
as  a  result  of  the  large  number  of  operations  for  the  radical  cure  of 
hernia  that  have  been  performed  during  the  last  two  decades,  has  proved 
that  in  the  vast  majority  of  cases  "hernia  is  a  disease  rather  than  an 
accident."  In  other  words,  it  is  due  to  a  congenital  defect,  e.  gr.,  an  open 
funicular  process  of  peritoneum,  or  an  abnormal  size  of  some  normal 
opening  in  the  abdominal  wall.  This  congenital  defect,  then,  is  the 
main  cause  of  a  hernia,  while  the  immediate  or  exciting  cause  plays  but 
a  minor  r61e. 

A  hernia  is  made  up  of  three  parts:  (1)  the  sac;  (2)  the  covering  of 
the  sac;  (3)  the  contents  of  the  sac.  All  hernias  have  been  generally 
divided  into  two  groups,  i.  e.,  congenital  and  acquired.  These  terms, 
however,  have  given  rise  to  a  great  deal  of  confusion.  Even  now  there 
is  no  well-settled  rule  as  to  their  proper  interpretation.  Some  writere 
class  as  congenital  all  hernial  sacs  which  are  preformed,  calling  acquired 
all  sacs  that  have  developed  after  birth.  This  would  be  an  excellent  rule, 
were  it  possible  to  apply  it  practically.  Inasmuch  as  the  only  way  of 
definitely  telling  that  a  sac  is  preformed  or  of  pre-natal  origin  is  by  the 
fact  that  it  communicates  with  the  tunica  vaginalis  testis,  it  has  been  a 
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rule  with  most  writers  to  class  as  congenital  hernias  only  such  as  showed 
this  connection.  This  test,  however,  rules  out  not  only  a  very  large  num- 
ber of  sacs  in  the  male,  in  which  by  reason  of  the  appearance  of  a  hernia 
in  earliest  infancy  the  presence  of  a  preformed  sac  is  practically  proved, 
but  it  also  rules  out  all  cases  of  inguinal  hernia  in  the  female.  To  thus 
restrict  the  term  ''congenital"  to  a  comparatively  small  proportion  of 
cases  in  the  male  is,  I  believe,  most  misleading.  It  is  probable  that  in 
the  vast  majority  of  inguinal  hernias  in  the  male,  and  practically  all  in 
the  female,  the  sac  is  preformed,  L  e.,  there  is  an  open  funicular  process* 
of  peritoneum  existing  at  birth,  even  though  the  hernia  may  not  develop 
until  adult  life.  The  principal  exception  to  this  broad  generalization 
would  be  the  direct  hernias.  This  variety  of  hernia  more  accurate  knowl- 
edge has  shown  to  be  far  less  frequent  than  has  hitherto  been  supposed. 
My  own  operative  statistics  show  39  cases  of  direct  hernia  in  a  total  of 
over  1950  operations.    Of  these,  only  two  occurred  in  the  female. 

It  may  sometimes  be  possible  to  distinguish  a  congenital  or  preformed 
sac  from  an  actually  acquired  hernial  sac,  i.  e.,  one  formed  after  birth. 


Fio.  1. — ^Varieties  of  Preformed  Sacs  (R.  Hamilton  Rusaell). 


by  the  intimacy  of  its  relationship  to  the  cord  and  its  vessels  in  the  male, 
and  to  the  round  ligament  in  the  female.  The  acquired  sac,  a  type  of 
which  we  have  in  the  direct  hernia,  is  simply  a  bulging  forward  of  the 
parietal  peritoneum  into  some  opening  or  weak  place  in  the  abdominal 
wall.  This  sac  has  no  intimate  connection  vnth  the  cord  or  the  round  lig- 
ament. 

In  a  preformed  or  congenital  sac,  on  the  other  hand,  we  find,  especially 
in  children  (and  this  is  equally  true  whether  the  sac  connects  with  the 
tunica  vaginalis  or  not),  the  sac  in  the  most  intimate  relationship  with  the 
cord  and  cord  vessels,  the  latter  lying  in  closest  contact  with  the  thin 
membrane  of  the  sac,  and  both  surrounded  by  the  infundibuliform  fascia. 
In  many  cases  the  sac  extends  down  to  the  tunica  vaginalis  testis  without 
commimicating  with  it.  But  such  communication  is  of  no  importance 
in  estimating  its  claim  to  being  classed  as  congenital.  Some  writers 
have  recently  gone  so  far  as  to  class  all  inguinal  and  femoral  hernias  as 
congenital,  with  the  possible  exception  of  some  cases  of  direct  inguinal 
hernia.    This  position  has  been  taken  and  most  ably  defended  by  R.  Ham- 
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ilton  Russell,  of  Melbourne.^  Russell  has  seen  a  direct  hernial  sac  in  the 
cadaver  of  a  man  who  had  no  hemia  during  life.  A  humber  of  similar 
cases  of  congenital  pouches  of  peritoneum  have  been  found  in  the  femoral 
region,  in  which  cases  there  was  no  history  of  hemia  during  life.  Fur- 
thermore, Russell  cites  much  evidence  based  on""  embryologic  research, 
which  seems  to  prove  that  such  pouches  of  peritoneum  actually  do  occur, 
and  not  infrequently  in  the  femoral  canal.  Whether  these  be  regarded 
as  a  normal  event  of  '*  developmental  accident"  is  of  no  particular  mo- 
ment. If  these  facts  be  true,  we  have  a  better  explanation  of  the  origin 
of  femoral  hemia  than  any  that  has  hitherto  been  offered. 

Anatomic  Varieties  of  Hernia. — ^Among  the  most  common 
varieties  in  their  order  of  frequency  are  (1)  inguinal,  (2)  umbilical,  (3)  fe- 
moral, (4)  ventral.  The  rarer  forms  are:  obturator,  ischiatic,  pelvic, 
lumbar,  diaphragmatic,  and  the  various  forms  of  retroperitoneal  hemia, 
€.  g.j  duodenal,  retrocecal,  hemia  of  the  foramen  of  Winslow. 

Clinical  Varieties  of  Hernia.— Reducible,  irreducible,  inflamed, 
strangulated. 

Reducible  Hemia. — ^This  is  by  far  the  most  common  of  all  varieties 
ot  hemia.  Here  the  contents  of  the  hernial  sac,  no  matter  of  what  form 
the  hemia  may  be,  are  retumed  into  the  abdominal  cavity  either  spon- 
taneously, on  the  patient's  lying  down,  or  by  manipulation  on  the  part 
of  the  physician.  In  some  cases  in  which  the  hemial  sac  is  large  and  the 
neck  comparatively  small,  a  good  deal  of  effort  on  the  part  of  the  physician 
may  be  required  to  accomplish  reduction.  In  the  early  stage  of  develop- 
ment practically  all  hernias  are  reducible. 

The  Sac. — Whatever  the  variety  of  hemia,  there  is  one  feature 
common  to  all,  and  that  is  the  sac.  This  sac  is  formed  by  a  layer  of  peri- 
toneum and  covers  in  whole  or  in  part  the  contents  of  the  hemia.  In 
the  congenital  type,  the  hemial  sac  is  a  preformed  pouch  or  diverticulum 
of  peritoneum,  first  empty,  until  by  some  unusual  effort  or  accident  caus- 
ing an  increase  in  the  abdominal  pressure,  some  of  the  abdominal  viscera 
are  forced  into  this  pouch.  In  the  acquired  variety,  the  best  examples 
of  which  are  seen  in  the  direct  ingumal,  epigastric,  and  ventral  her- 
nias, the  parietal  peritoneum  is  forced  by  intra-abdominal  pressure 
through  some  congenital  defect  in  the  abdominal  wall.  In  epigastric 
hemia  this  is  often  a  transverse  slit  in  the  fascia,  through  which  the  omen- 
tum is  forced  like  a  thin  w-edge,  gradually  dilating  the  opening  until  a 
well-marked  hemia  is  formed.  Under  certain  conditions  a  hernial  sac 
may  be  incomplete,  e.  g.,  in  sliding  hemia  of  the  cecum  or  sigmoid  and, 
occasionally,  in  hemia  of  the  bladder.  In  these  cases  the  sac  anteriorly 
is  like  an  ordinary  sac,  while  posteriorly  it  is  continuous  with  the  anterior 
surface  of  the  cecum  or  sigmoid.  Such  cases  offer  considerable  difficulty 
in  operations  for  radical  cure.  Figs.  1,  2,  and  3  illustrate  types  of  sac 
observed  by  the  author  in  operations  for  radical  cure  of  hernia. 

In  the  rarer  forms  of  intemal  hemia,  e.  g.,  diaphragmatic,  in  most 
cases  no  sac  is  present.  In  ventral  hemia  following  laparotomy  there  is 
a  gradual  thinning  out  of  the  cicatrix,  forming  a  large  pouch,  in  which 
there  may  be  no  sac  or  a  partial  one.     In  still  rarer  cases  there  may  be 


20 


HERNIA. 


a  rupture  of  the  peritoneum  and  the  contents  of  the  sac  (omentum  or 
bowel)  may  pass  downward  into  the  canal,  covered  only  by  muscle  and 


Fio.  2. — Hernia  with  Hydrocele. 


Fio.  3. — SuDiNQ  Hernia  or  the  Cecum. 


fascia.  Some  authors  deny  the  existence  of  such  a  condition,  but  the 
writer  has  operated  upon  one  such  case,  which 
proves  that  it  may  occur  (Fig.  4). 

Size  and  Shape  of  the  Sac— This  may  vary 
from  a  fusiform  protrusion  hardly  larger  than  a 
slate-pencil,  to  an  enormous  pouch,  containing 
nearly  all  of  the  contents  of  the  abdomen. 
Every  organ  except  the  spleen  and  pancreas 
has  been  found  in  the  sac,  and  in  some  cases  the 
sac  reaches  as  far  down  as  the  knees.  Some 
writei-s,  e.  g.y  Bayer,  hold  that  the  shape  of  the 
sac  in  congenital  hernia  differs  from  that  in 
acquired  hernia,  being  pear-shaped  with  a  nar- 
row neck  in  the  congenital  variety,  while  in  the 
acquired  type  it  hiis  a  broader  neck  and  nar- 
rower base. 

I  do  not  think  this  distinction  can  readily  be 
made,  nor  is  it  of  much  practical  value.  The 
sac,  being  a  part  of  the  peritoneum,  has  the 
same  anatomic  characteristics.  It  is  a  smooth, 
elastic  membrane,  exceedingly  thin  and  trans- 
parent in  children.  It  may  be  easily  irritated 
by  means  of  a  truss,  giving  rise  to  an  inflam- 
matory^ exudate,  which  may  cause  adhesions  between  the  sac  and  the 
contents  of  the  sac. 

Relation  of  the  Sac  to  Other  Structures. — In  oblique  inguinal  hernia 


Fio.  4. — Hernia   Without  a 
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the  sac  bears  a  constant  relation,  both  to  the  cord  and  to  the  overlying 
structures.  It  always  lies  in  a  position  anterior  to  the  cord  and  to  the 
cord  vessels  and  is  surrounded,  in  common  with  the  latter,  with  the  thin 
layer  of  infundibuliform  fascia.  Next  in  order,  from  within  outward, 
comes  the  cremasteric  fascia  and  muscle;  then  the  superficial  fascia, 
and,  finally,  the  skin.  In  inguinal  hernia  in  the  female  we  find  the  sac 
bearing  the  same  relation  to  the  round  ligament  as  it  does  to  the  cord  in 
the  male,  i.  e.,  it  lies  directly  over  or  in  front  of  the  round  ligament  and 
is  very  closely  attached  to  it.  In  direct  inguinal  hernia  in  the  male 
the  sac  emerges  through  the  abdominal  wall,  below  the  epigastric  artery, 
through  the  external  inguinal  ring.  Strictly  speaking,  it  is  a  ventral 
hernia,  and  in  most  cases,  I  })elieve,  the  sac  is  acquired.  It  pushes  the 
cord  directly  in  front  of  it  or  to  one  side,  and  has  no  such  intimate  rela- 
tion to  the  cord  as  is  found  in  the  obUque  variety.  In  direct  hernia 
the  shape  of  the  sac  differs  considerably  from  that  in  the  oblique  variety, 
being  almost  spherical;  it  practically  always  enlarges  directly  outward 
and  rarely,  if  ever,  enters  the  scrotum. 

The  Neck  of  the  Sac. — ^That  portion  of  the  sac  which  is  the  narrow- 
est, usually  situated  within  the  hernial  orifice,  is  known  as  the  neck 
of  the  sac.  In  a  few  cases  it  is  a  well-defined  circular  ring,  but 
in  most  cases  no  such  definite  outline  can  be  made  out.  Much  im- 
portance has  been  attached  to  the  neck  of  the  sac  for  the  reason  that  in 
many  cases  it  was  supposed  to  be  the  chief  cause  of  strangulation.  In 
most  of  the  text-books  and  monographs  upon  strangul&ted  hernia  the 
cause  of  the  strangulation  has  been  attributed  to  the  neck  of  the  sac; 
the  same  has  been  true  in  reports  of  operations  in  children  as  well  as 
adults.  Yet  in  nearly  all  cases  the  strangulation  is  easily  reduced,  if 
the  tense  fibers  of  the  external  ring  are  first  cut,  thus  proving  that  the 
neck  of  the  sac  could  not  have  been  the  cause.  In  seventeen  cases  of 
strangulated  hernia  in  children  operated  upon  at  the  Hospital  for  Rup- 
tured and  Crippled,  the  external  ring  was  the  cause  of  strangulation  in 
all  but  one.  In  this  case  the  neck  of  the  sac  was  a  firm  ring  of  cicatricial 
tissue.  In  the  great  majority  of  cases  the  neck  of  the  sac  will  be  found 
to  be  simply  a  thin,  elastic  membrane,  which,  though  somewhat  narrower 
than  other  portions  of  the  sac,  is  easily  distensible  and  quite  incapable  of 
producing  the  strangulation  for  which  it  is  so  frequently  held  respon- 
sible. 

Changes  in  the  Sac. — While  originally  a  very  thin  membrane,  the 
sac  may  undergo  important  changes,  especially  in  hernia  of  long  stand- 
ing or  in  cases  in  which  an  ill-fitting  truss  has  been  worn  for  a  long  time. 
In  such  cases  the  sac  may  become  greatly  thickened  and  of  leathery 
consistence,  while  in  some  rare  cases  it  may  imdergo  calcification. 

Different  Types  of  Sacs. — ^The  shape  of  the  sac  varies  greatly,  as  is 
shown  by  the  accompanying  cuts  (Figs.  5  to  10),  taken  from  cases 
operated  upon  by  the  author.  In  scrotal  hernia  the  most  common  form 
of  sac  is  the  pear-shaped,  with  the  fundus  below  and  the  neck  above  the 
internal  ring.  There  may  be  a  constriction  half-way  between  neck  and 
fundus,  giving  rise  to  the  hour-glass  shaped  sac  (Fig.  7).    ^Many  sacs  are 
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irregularly  sacculated,  and  in  some  cases  there  may  be  a  perfectly 
formed  double  sac  (Figs.  9  and  10).  Sometimes  only  one  of  these 
sacs    communicates  with    the    peritoneal    cavity,   the    second   being 

separated  by  a  thin  partition  of 
peritoneum.  In  other  cases  both 
sacs  open  into  the  abdominal 
cavity. 

Contents  of  the  Sac. — As  we 
have  stated,  nearly  every  organ  in 
the  abdomen,  with  the  exception 
of  the  pancreas,  has  been  found  in 
the  sac  of  an  inguinal  or  femoral 
hernia.  The  most  frequent  con- 
tents, however,  are  omentum, 
either  alone  or  associated  with  the 
small  intestine;  the  cecum,  sig- 
moid, and  more  rarely  the  bladder, 
may  be  present.  In  femoral  hernia 
the  intestine  is  seldom  found  ex- 
cept in  strangulation,  the  omen- 
tum forming  the  usual  contents  of 
the  sac.  Occtisionally,  however, 
the  tubes  and  ovary  and  uterus 
have  been  found  in  the  sac  of  a 
femoral  hernia,  and  the  appendix 
vermiformis  has  been  foimd  in  one  hundred  cases. 

The  intestine  and  omentum  are  the  most  frequently  foimd  contents 


Flo.    6. — Hernia    Sac. 
-  Upper  and  Lowkr 
Portion  Connect- 
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Fig.  6. — Hernia  Sac 
Separated  into 
Two  Parts  by 
Thin  Mem- 
brane. 


Fig.    7.  —  Hour- 
glass Sac. 


Fig.  8. — Hour-glass 
Sac. 


Fig.  9. — Double 
Sac. 


Fig.  10.— Unusual  Type 
OF  Sac. 


of  the  hernial  sac.    Some  authors  attempt  to  give  the  relative  frequency 
of  the  parts  forming  the  contents  of  the  sac.     Maydl,^  in  283  cases  of 
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Fig.    11. — Hernia     Sac    containing 
OvART  AND  Fallopian  Turk  with 

IT8  FlUBRIATED  EnD,  ALSO   SmALL 

Quantity  of  Fluid. 


inguinal  hemia,  found  the  intestine  in  149;  omentum  in  77;  both  in  34 
cases.  In  123  cases  of  femoral  hemia  the  intestine  was  found  in  the  sac 
in  86,  the  omentum  in  19,  and  both  intestine  and  omentum  in  14  cases. 

It  is  obvious  that  this  relative  propor- 
tion must  vary  with  the  duration  and  size 
of  the  hemia.  In  the  early  stages  of  a 
hemia  the  omentum  is  the  first  to  enter 
the  sac;  only  after  the  opening  has  at- 
tained considerable  size  does  the  intestine 
enter.  Hence,  different  statistics  will  un- 
doubtedly show  great  variations  in  this 
respect.  The  small  intestine  more  fre- 
quently enters  the  hemial  sac  than  the 
large;  the  loop  of  intestine  a  short  dis- 
tance above  the  ileocecal  valve,  having 
the  longest  mesentery,  is  the  most  often 
found  in  the  sac.  It  is  probable,  how- 
ever, that  in  most  cases  the  mesentery  of 
other  loops  is  sufficiently  long  to  permit 
of  their  entering  the  sac  of  an  inguinal  or 
femoral  hemia.  The  cecum  and  sigmoid 
are  occasionally  found  in  such  sacs,  al- 
though much  less  frequently  than  the  ileum.  In  some  cases,  by  reason 
of  the  fact  that  the  cecum  and  sigmoid  are  almost  completely  surrounded 
by  peritoneum,  with  an  unusually  free  mesentery,  they  may  appear  in 
the  hemial  sac  precisely  as  a  coil  of  small  intestine. 
In  the  majority  of  cases,  however,  they  enter  the 
hemial  sac  by  a  sliding  process,  forming  a  tj^^e  of 
hemia  characterized  by  the  French  as  ^'hemie  par 
glissement,"  or  sliding  hemia.  In  these  cases  the  sac 
is  incomplete,  being  absent  posteriorly.  Maydl  found 
the  large  intestine  in  22  of  443  cases,  11  of  which  were 
cecal. 

Etiology  of  Hernia.— Predisposing  Causes  of 
Hemia. — In  addition  to  the  presence  of  a  funicular 
sac,  or  one  of  pre-natal  origin,  the  following  may  be 
mentioned  among  the  predisposing  causes  of  hemia: 
Age,  sex,  heredity,  occupation,  obesity,  pregnancy, 
certain  constitutional  diseases. 

Age. — In  a  total  of  75,544  cases  obser\'ed  at  the 
Hospital  for  Ruptured  and  Crippled  from  1890  to 
1906  inclusive,  25,126  were  below  fourteen  yeai*s  of 
age;  4593  were  between  fourteen  and  twenty-one; 
45,825  were  over  twenty-one. 

Sex. — Of  70,090  cases  of  hemia  53,009  occurred  in 
males  and  17,081  in  females,  or  75.7  per  cent,  males  to  24.3  per  cent, 
females.  Separately  considered,  we  have  the  following  proportion  of 
males  to  females  in  the  different  varieties  of  hemia: 


Fig.  12.— Sliding  Ce- 
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Total. 


F-o-1'-™^ [f^:::::::: 2,S   ^-^ 

umbilical  hernia h^e'^LeV.V.;.;.:  !|l^       '''^« 

Ventral  hernia {  ^etaleV.;...;.:   iS  }   ''''' 

Undescended  testis (Usually  associated 

with  inguinal  hernia) 687 

Varicocele Male 1,368       1,368 

Hydrocele /  Male 3,926  \  .  p.^^ 

(Hydrocele)  canal  of  neck..  \  Female 160  /   ^'"^^ 

Berger,*  in  10,000  cases  of  hernia  observed  by  him,  reports  7433  males  and  2534 
females,  or  about  75  per  cent,  of  males  to  25  per  cent,  of  females. 

Malgaigne's  statistics  published  in  18.36,  show  2205  males  to  564  females;  in 
other  words,  80  per  cent,  of  male  and  20  per  cent,  of  female  patients. 

McCready*  found  18,223  males  to  3572  females,  which,  expressed  in  percentage, 
gives  84  males  to  16  females. 

It  is  difficult  to  understand  these  marked  differences  in  the  ratio  of 
males  to  females,  provided  the  facilities  for  treating  both  sexes  are  the 
same  at  the  different  institutions.  In  those  clinics  not  provided  with 
female  assistants,  undoubtedly  many  ruptured  females  would  hesitate 
to  apply  for  treatment,  and,  hence,  the  true  ratio  could  not  be  ascertained 
from  the  statistics  of  such  hospitals.  At  the  Hospital  for  Ruptured  and 
Crippled  we  have,  during  the  past  twenty  years,  had  a  female  physician 
in  attendance,  and  I  believe  that  our  statistics  come  near  representing  the 
correct  ratio  in  dispensary  practice. 

The  statistics  of  Malgaigne  and  Werkner*  show  1  in  every  21  subjects  in  Saxony 
examined  to  be  ruptured,  while  in  Belgium  the  proportion  was  found  to  be  only 
1  :  89.  Berger  estimates  the  proportion  of  rupturea  in  the  male  as  one  in  14.9, 
and  one  in  44.7  in  the  female,  giving  an  average  for  both  sexes  of  1  :  22.  He  figures 
that  in  30  per  cent,  of  the  male  cases  the  hernia  occurs  during  the  first  year  of  life; 
in  10  per  cent,  of  the  female  cases.  From  ten  to  thirty-five  years  there  is  a  minimum 
number,  and  from  thirty-five  to  seventy  there  is  a  steady  increase,  the  maximum 
being  at  seventy  in  the  male,  at  sixty-five  in  the  female. 

Heredity. — At  the  Hospital  for  Ruptured  and  Crippled  we  have  found 
that  about  one-fourth  of  all  patients  give  a  history  of  hernia  in  the 
family. 

The  predisposition  to  hernia  seems  to  vary  somewhat  with  different 
nationalities.  According  to  the  statistics  of  Baxter,  based  upon  a  study 
of  cases  observ^ed  in  the  United  States  army,  the  Portuguese  are  the  most 
prone  to  hernia,  and  persons  bom  in  England  and  the  United  States  are 
least  so  afflicted.  These  findings,  however,  can  hardly  be  accepted  as 
conclusive. 

Obesity  and  pregnancy  and  general  constitutional  diseases  which  lessen 
the  weight  and  cause  atrophy  of  the  abdominal  muscles  are  all  predis- 
posing causes  to  hernia,  especially  umbilical  hernia  in  adults.  Berger's 
statistics  show  the  marked  influence  of  pregnancy  upon  the  development 
of  hernia.  Eighty-one  per  cent,  of  single  femoral  hernias  occurred  in 
women  who  had  borne  children;  86.9  per  cent,  of  double  femoral  hernias; 
88.1  per  cent,  of  umbilical,  89.6  per  cent,  of  umbilical  and  inguinal, 
100  per  cent,  of  umbilical  and  femoral  hernias. 
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Phimosisy  which  has  been  regarded  by  many  writers  upon  hernia  as  an 
important  predisposing  cause,  I  am  inclined  to  believe  has  no  influence 
whatever.    The  same  can  be  said  of  rickets  and  scoliosis. 

Other  Predisposing  Causes. — Abnormal  length  of  the  mesentery  has 
been  believed  by  some  writers  to  be  a  predisposing  cause  of  hernia. 
Personally,  I  believe  that  it  is  of  Uttle  importance.  Given  a  preformed 
sac,  or  an  open  funicular  process  of  peritoneum,  there  is  always  enough 
omentum  ready  to  1^  forced  into  such  a  sac,  in  the  presence  of  the  par- 
ticular exciting  cause,  which  sufficiently  increases  the  intra-abdominal 
pressure.  The  small  portion  of  omentum  acting  Uke  a  wedge,  enlarges 
the  small  funicular  process  or  sac  until  it  finally  becomes  a  fully  developed 
hernia,  quite  irrespective  of  the  fact  as  to  whether  the  mesentery  be  suffi- 
ciently long  to  enter  or  not. 

The  importance  of  a  congenital  or  preformed  sac  as  a  predisposing 
cause  of  hernia  I  have  already  referred  to  somewhat  at  length. 

The  earlier  operations  for  the  radical  cure  of  hernia  were  nearly  all 
done  upon  adults,  and  upon  hernias  of  large  size,  and  in  these  statistics 
we  find  a  much  larger  percentage  of  cases  showing  a  sac  continuous  with 
the  tunica  vaginalis,  or  old  t3'pe  of  congenital  sac.  Wood  found  this 
type  of  sac  present  123  times  in  370  cases. 

At  the  Hospital  for  Ruptured  and  Crippled  we  have  made  a  careful 
study  of  the  type  of  sac  in  2030  operations,  1507  of  which  were  performed 
upon  male  children  between  four  and  fourteen  years  of  age.**  The  sac 
commimicated  with  the  tunica  vaginalis  in  369  cases,  and  in  626  cases  it 
was  of  the  funicular  type,  generally  classed  as  acquired;  in  522  the  type 
of  sac  was  not  noted.  There  is  every  reason  to  believe,  however,  that  in 
all  of  these  cases  the  sac  was  preformed.  These  cases  almost  always 
give  a  history  of  the  sudden  appearance  of  a  lump  in  the  groin,  being 
in  exact  accord  with  the  theory  of  a  preformed  sac,  distended  by  some 
unusual  effort,  and  decidedly  opposed  to  the  theory  that  the  sac  was 
really  acquired,  caused  by  the  gradual  pressing  fon;\'ard  of  the  parietal 
peritoneum  through  some  weak  place  in  the  abdominal  wall. 

In  direct  hernia  the  predisposing  cause  is  usually  a  defective  develop- 
ment of  the  muscles  and  tendons  which  surround  and  guard  the  external 
ring,  with  an  acquired  sac  in  the  majority  of  cases.  This  variety  is  far 
rarer  than  is  generally  supposed.  Most  of  the  early  statistics  which  show 
a  comparatively  large  relative  number  of  direct  hernias  compared  with 
oblique,  are  based  upon  non-operative  cases  observed  in  dispensary  prac- 
tice, and  I  am  sure  that  a  great  many  are  classed  as  direct  which  are 
really  oblique.  The  only  accurate  statistics  are  those  in  which  the  diag- 
nosis is  confirmed  by  operation.  Such  statistics  show  a  very  small  pro- 
portion of  real,  direct  hernias,  as  the  author  has  observed  only  44  cases 
in  upward  of  2030  operations,  or  1  in  48. 

In  femoral  hernia  the  predisposing  cause  may  be  an  enlarged  femoral 
ring,  but,  as  Russell  believes,  and  embryologic  investigations  seem  to 
support  such  belief,  there  may  be  here  also  a  congenital  or  preformed 
pouch  or  sac.  The  anatomic  investigations  of  Murray  confirm  this 
opinion.     He  made  a  study  of  100  post-mortem  cases  in  individuals 
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(adults)  who  had  had  no  hernia  during  life,  and  found  21  potential  or 
empty  sacs.  Of  these,  20  were  femoral.  The  cases  of  femoral  hernia 
in  children  imder  fourteen  years,  of  which  we  have  observed  90,  furnish 
additional  evidence. 

Imperfect  development  of  the  internal  oblique  muscle  has  recently 
been  brought  forward,  notably  by  Ferguson,®  of  Chicago,  as  the  most 
common  cause  of  inguinal  hernia.  While  such  defective  development 
may  possibly  favor  the  formation  of  a  direct  hernia,  I  believe  it  plays 
little  part  in  the  development  of  obUque  inguinal  hernia. 

In  umbiHcal  hernia  the  predisposing  cause  is  always  a  congenital  sac 
or  an  enlarged  umbilical  ring. 

In  epigastric  hernia  the  cause  is  a  slit  or  cleft  in  the  fascia,  of  congenital 
origin,  often  transverse,  through  which  the  subperitoneal  fat  is  frequently 
forced.  This  fat  is  apt  to  draw  with  it  a  slip  of  parietal  peritoneum 
which  forms  the  beginning  of  the  hernial  sac. 

In  view  of  the  present  confusion  as  to  what  is  meant  by  congenital 
sac,  I  believe  it  might  be  well  to  abandon  entirely  the  use  of  the  term 
'* congenital"  as  applied  to  any  type  of  sac,  and  substitute,  as  suggested 
by  Russell,  the  designations  total  funicular  and  partial  funicular,  to 
represent  the  two  types  of  sac  in  inguinal  hernia,  the  one  communicating 
with  the  tunica  vaginalis,  the  other  being  separate  from  it. 

Exciting  Causes. — ^Anything  which  increases  the  intra-abdominal 
pressure  may  be  the  immediate  exciting  cause  of  a  hernia.  The  most 
common  of  these  causes  are  lifting,  straining,  and  coughing.  Of  4621 
cases  of  hernia  examined  by  Berger  with  reference  to  the  exciting  cause, 
1427,  or  30.9  per  cent,  of  patients,  attributed  the  condition  to  some 
specific  exciting  cause.  In  438  of  these  cases,  such  cause  was  supposed 
to  be  a  fall  or  strained  position,  e.  g.,  a  false  step,  from  slipping  or  attempt- 
ing to  save  one^s  self  from  a  fall,  thus  putting  an  imdue  strain  upon  the 
abdominal  muscles.  Bronchitis  and  whooping-cough  are  often  the  imme- 
diate exciting  cause  in  children. 

A  recent  analysis  of  5282  cases  of  hernia  in  adults  obser\^ed  at  the 
Hospital  for  Ruptured  and  Crippled  within  the  past  three  years,  with 
reference  to  etiology,  shows  that  of  502  cases  of  umbilical  hernia  in  female 
adults,  in  204  no  kno\Mi  cause  could  be  assigned  to  the  development  of 
the  rupture;  in  195  it  was  attributed  to  pregnancy;  in  83,  to  strain;  in 
8,  to  coughing;  in  6,  to  a  fall;  in  3,  to  obesity;  in  2,  to  ascites;  in  one 
it  was  present  since  birth. 

Of  4780  cases  of  hernia  in  adult  males,  over  fifteen  years  of  age,  the 
cause  assigned  to  the  rupture  by  the  patient  at  the  time  of  admission 
was  iis  follows:  3102  stated  that  the  rupture  appeared  without  any  kno>\Ti 
cause;  1695  attributed  the  hernia  to  a  specific  exciting  cause;  of  these, 
1015  stated  that  the  hernia  was  due  to  lifting  or  carrying  some  heavy 
weight;  150  were  due  to  coughing  or  sneezing;  123,  to  strain;  89,  to 
falls;  40,  to  blow  on  groin  or  alDdomen;  14,  to  local  trauma  of  some  kind; 
8,  to  kicks;  51  had  been  noticed  from  birth.  The  remainder  assigned  the 
condition  to  various  causes. 
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Ix)cal  trauma,  which  has  long  been  accorded  by  the  laity  an  impor- 
tant place  in  the  etiology  of  hernia,  practically  very  rarely  is  the  cause. 

Given  the  conditions  already  described,  namely,  a  preformed  sac, 
it  is  conceivable  that  an  accident  in  the  way  of  a  fall,  or  of  a  heavy  weight 
striking  upon  the  abdomen,  resulting  in  greatl}''  increased  intra-abdom- 
inal pressure,  might  act  as  an  exciting  cause,  but  there  is  little  evidence  that 
a  direct  trauma,  e.  g.,  a  blow  or  local  injury  in  the  region  of  the  hernial 
orifices,  produces  a  hernia.  There  are,  however,  a  number  of  authentic 
cases  on  record  in  which  a  hernia  has  developed  immediately  after  a 
local  trauma — e.  ^.,  the  kick  of  a  horse — in  persons  hitherto  in  perfect 
health,  without  any  previous  history  of  a  hernia,  and,  as  far  as  known, 
without  any  predisposing  cause  other  than  the  probable  existence  of  a 
preformed  sac. 

Industrial  accidents  of  various  sorts,  unusual  Ufting  or  straining  or 
false  position,  causing  greatly  increased  intra-abdominal  pressure,  are 
much  more  frequently  regarded  as  the  cause  of  a  hernia  than  the  actual 
facts  warrant.  While  in  many  of  these  cases  such  industrial  accidents  must 
be  looked  upon  as  an  actual  exciting  cause,  in  the  great  majority  there  will 
be  found  a  congenital  weakness  in  the  way  of  a  preformed  sac  and,  prob- 
ably, in  addition,  an  enlarged  ring  or  weakened  muscles. 

The  question  of  the  relation  of  industrial  accidents  to  the  development 
of  hernia  is  growing  in  importance  from  a  medicolegal  standpoint.  In 
most  of  the  European  coimtries  the  courts  have  decided  that  hernias  may 
be  due  to  industrial  accidents,  and,  therefore,  are  subject  to  an  indem- 
nity. To  prove  this  causal  relationship,  the  hernia  must  have  been  exam- 
ined very  soon  afterward  (within  forty-eight  hours)  by  a  physician,  and 
must  present  evidences  of  its  recent  origin.  Proof  of  a  predisposition, 
congenital  or  acquired,  in  most  cases  has  influenced  the  courts  to  lessen 
the  indemnity. 

Kaufmann,  of  Ziirich,  has  made  a  careful  study  of  the  question,  based 
upon  medical  jurisprudence.    These  are  his  conclusions: 

A  hernia,  in  order  to  be  entitled  to  an  indemnity,  must  be  of  recent  ori- 
gin; it  must  appear  suddenly,  must  be  accompanied  by  pain,  and  must 
immediately  follow  an  accident.  There  must  be  proof  that  the  hernia 
did  not  exist  prior  to  the  accident. 

Diagnosis  of  Hernia. — The  diagnosis  of  reducible  hernia  is  not 
difficult  and  can  usually  be  made  from  the  following  physical  signs: 

The  presence  of  a  tumor  in  the  region  of  one  of  the  natural  abdominal 
outlets,  e.  g.y  inguinal,  femoral,  or  umbilical  regions,  which  disappears  on 
lying  down  or  can  be  reduced  by  manipulation  or  taxis,  and  has  a  distinct 
impulse  on  coughing.  There  are  two  conditions,  however,  which  may 
closely  simulate  a  reducible  hernia:  saphenous  van'x  and  varicocek,  the 
firat  being  often  mistaken  for  a  femoral,  the  latter  for  an  inguinal,  hernia. 
These  conditions  may,  however,  be  easily  differentiated  from  hernia  if 
the  following  rules  be  noted:  Saphenous  varix  may  closely  resemble  a 
femoral  hernia  in  size,  shape,  and  location;  furthermore,  like  a  hernia, 
it  disappears  on  lying  down  and  has  a  distinct  impulse  on  coughing.  It 
differs  from  femoral  hernia,  however,  in  these  two  important  points: 
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1.  The  character  of  the  impulse  is  quite  diflFetent:  instead  of  an  im- 
pulse suggesting  a  solid  body  being  propelled  against  the  fingers,  it  has 
a  peculiar  thrill,  as  if  fluid  were  being  forced  through  a  compressible 
tube  beneath  the  fingers. 

2.  If  the  tumor  is  reduced  and  the  fingers  are  pressed  over  the  femoral 
opening, — not  too  strongly,  but  sufficiently  hard  to  prevent  the  contents 
of  a  hernia,  c.  g.y  bowel  or  omentum,  from  being  forced  out, — and  the  tumor 
nevertheless  slowly  re-forms,  it  is  a  saphenous  varix.  Another  important 
clinical  aid  to  the  diagnosis  of  saphenous  varix  is  the  fact  that  in  nearly 
every  case  examination  of  the  lower  extremity  will  show  the  presence  of 
well-marked  varicose  veins.  The  same  rules  will  apply  to  varicocele 
in  enabling  one  to  differentiate  the  condition  from  inguinal  hernia. 

Irreducible  and  Strangulated  Hernia. — Most  of  the  errors  in  diag- 
nosis are  made  in  cases  of  irreducible  hernia,  and  here  many  difficulties 
are  encountered.  The  condition  most  often  mistaken  for  irreducible  in- 
guinal hernia  is  hydrocele.  At  the  Hospital  for  Ruptured  and  Crippled 
4086  patients  with  hydrocele  applied  for  treatment  under  the  supposition 
that  they  were  suffering  from  hernia  (in  a  total  of  75,544). 

Other  conditions  simulating  more  or  less  closely  irreducible  hernia 
are  Hpoma,  inguinal  or  femoral  adenitis,  cysts,  cold  abscess  from  tubercu- 
losis of  the  pelvic  bones  or  vertebras. 

General  Symptoms. — ^These  depend  somewhat  upon  the  anatomic 
variety  under  consideration,  also  upon  the  age  of  the  patient.  In 
inguinal  hernia,  especially  in  children,  the  hernia  is  usually  first  noticed 
by  the  mother,  in  the  absence  of  any  particular  subjective  symptoms. 
A  lump  is  found  in  the  groin,  usually  while  bathing  the  child.  This 
lump' is  sometimes  present,  at  other  times  absent.  Pain,  which  is  a  fairly 
constant  feature  in  the  early  stages  of  hernia  in  adults,  is  rarely  present 
in  children,  or  is  too  slight  to  be  noted. 

In  most  cases  of  hernia  in  adults,  as  I  have  stated,  I  believe  there  is 
present  a  preformed  or  potential  hernial  sac;  it  is  probable,  however, 
that  in  such  cases  the  sac  is  so  small  and  slender  that  it  requires  a  good 
deal  of  dilatation  before  it  can  accommodate  a  fully  developed  hernia. 
Hence,  we  have  more  pain  in  these  cases.  This  pain  is  of  the  dull,  drag- 
ging variety,  seldom  sharp  and  acute;  rarely  severe  enough  to  cause  the 
patient  to  consult  a  physician.  Some  weeks  or  months  later,  the  patient 
notices  a  lump  in  the  groin  which  can  easily  be  pressed  back  or  disappears 
spontaneously  on  lying  down.  The  tumor,  or  hernia,  for  such  it  is,  if  not 
controlled  by  a  truss,  gradually  increases  in  size,  imtil  it  finally  enters  the 
scrotum.  The  pain  and  discomfort  are  always  worse  at  night,  or  after 
standing  or  walking  for  several  hours. 

In  certain  cases  digestive  disturbances  may  occur  as  early  symptoms, 
even  before  the  hernia  has  attained  suflScient  size  to  attract  the  attention 
of  the  patient.  In  these  cases  a  careful  physical  examination  will  show 
the  presence  of  an  incomplete  hernia,  and  application  of  a  truss  will 
usually  cause  the  disappearance  or  cessation  of  the  symptoms. 

Physical  Signs. — ^The  first  thing  noticed  is  a  tumor  of  varying  size 
and  consistence,  according  to  its  duration  and  contents.     If  intestine 
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be  present,  we  have  a  tumor  of  smooth  outline,  elastic  on  palpation  and 
resonant  on  percussion.  If  reducible,  the  swelling  goes  back  with  a 
characteristic  gurgle.  If  irreducible,  the  tumor  usually  quickly  shows 
signs  of  strangulation,  though  occasionally  the  cecum  or  large  intestine 
may  remain  irreducible  in  the  sac  for  a  considerable  time  without  becom- 
ing strangulated;  likewise  in  very  large  umbilical  hernia  with  a  wide- 
necked  sac,  a  loop  of  intestine  may  be  irreducible  without  strangulation 
occurring.  If  omentum  alone  be  present  in  the  sac,  palpation  will  reveal 
a  tumor  more  irregular  in  outline,  firmer  in  consistence,  and,  on  pressure 
between  thumb  and  fingers,  the  characteristic  **feer'  of  omentum  can 
be  easily  made  out.  If  the  hernia  cannot  be  reduced  by  reason  of  adhe- 
sions between  the  omentum  and  sac,  the  tumor  is  apt  to  be  harder  and 
more  nodular,  owing  to  inflammatory  changes  in  the  omentum.  In 
some  cases  of  this  kind  connection  with  the  abdominal  cavity  may  be 
shut  off  completely  by  adhesions  between  the  omentum  and  the  neck 
of  the  sac,  and  the  sac  itself  may  be  distended  by  inflammatory  exudate. 
In  such  cases  the  tumor  closely  resembles  a  hydrocele.  The  omentum 
is  much  more  likely  to  become  adherent  in  femoral  than  in  inguinal  hernia, 
and  in  oblique  than  in  direct  hernia.  In  many  cases,  in  the  early  stages 
of  a  hernia,  the  tumor  is  noticed  only  on  coughing  or  straining. 

Differential  Diagnosis. — ^The  conditions  that  most  often  simu- 
late a  hernia  are  lipoma,  adenitis,  cold  abscess,  hydrocele,  varicocele, 
saphenous  varix,  and  cysts. 

Lipoma  may  very  closely  simulate  a  femoral  hernia,  but  the  diag- 
nosis may  usually  be  made  by  the  fact  that  the  tumor  is  more  superficial, 
more  movable,  and  cannot  be  traced  directly  into  the  femoral  canal. 
Again,  there  is  never  a  history  of  previous  reducibility,  as  is  nearly  always 
the  case  with  hernia. 

Adenitis. — Inguinal  and  femoral  adenitis  have  been  mistaken  for 
hernia  by  surgeons  of  large  experience.  Ordinarily  the  diagnosis  is  easily 
established.  Tenderness,  infiltration  of  surrounding  tissues,  a  history 
of  short  duration,  together  with  the  fact  that  at  no  period  was  the  tumor 
reducible,  will  be  sufficient  to  rule  out  a  hernia.  Besides,  careful  examina- 
tion will  usually  reveal  some  cause  for  the  adenitis,  e.  g.,  acute  or  sub- 
acute gonorrheal  infection,  or  some  abrasion  upon  the  skin  of  the  leg  or 
foot.  There  are  cases  of  adenitis,  however,  of  a  subacute  or  chronic 
character,  especially  those  of  tuberculous  origin,  in  which  it  is  almost 
impossible  to  differentiate  the  condition  from  irreducible  omental  hernia. 
This  is  true  more  often  in  the  femoral  than  in  the  inguinal  variety.  The 
history  of  reducibility  in  the  early  development  of  the  swelling  may  be  the 
only  point  to  aid  one  in  making  the  diagnosis.  I  have  ol:)serv'ed  several 
cases  of  small,  irreducible,  omental  femoral  hernia,  the  size  of  an  Knglish 
walnut,  which  had  been  down  for  years  and  in  which  the  omentum  had 
undergone  partial  cystic  degeneration,  giving  rise  to  fluctuation.  Such 
cases  so  closely  resemble  adenitis  that  it  is  extremely  difficult  to  make 
the  differentiation.  In  all  such  cases  it  is  most  important  to  study  the 
history  of  the  case  as  well  as  the  physical  characteristics  before  making 
the  diagnosis. 
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Cold  abscess  from  tuberculous  osteitis  of  the  vertebra,  or  from  one 
of  the  pelvic  bones,  in  certain  cases  very  closely  resembles  a  hernia.  A 
number  of  such  cases  diagnosed  as  hernia  by  physicians  have  been 
sent  to  the  Hospital  for  Ruptured  and  Crippled  for  a  truss.  When  the 
tumor  appears  in  the  femoral  region  it  resembles  very  closely  b  femoral 
hernia;  it  disappears  on  lying  down  and  reappears  on  standing  or  cough- 
ing; furthermore,  it  has  a  distinct  impulse  on  coughing.  It  can  always 
be  differentiated,  however,  from  femoral  hernia,  from  the  following  points: 

1.  Palpation  easily  discloses  the  presence  of  fluctuation,  which  is  a 
very  rare  condition  in  reducible  femoral  hernia,  and  I  have  never  seen 
it  except  in  the  presence  of  abdominal  ascites. 

2.  Deep  pressure  in  the  iliac  fossa  with  one  hand,  while  at  the  same 
time  the  tumor  is  reduced  with  the  other  hand,  will  show  that  the  fluid 
is  not  reduced  into  the  free  abdominal  cavity,  but  will  disclose  a  sac  or 

pouch  in  the  iliac  fossa, 
l^ehind  the  peritoneum. 
Bimanual  pressure 
shows  that  the  two 
swellings,  external  and 
internal,  communicate, 
and  that  fluctuation  is 
easily  transmitted  from 
one  to  the  other.  This 
rules  out  every  form  of 
hernia  except  the  intra- 
parietal  variety  with  a 
bilocular  sac,  but  so 
large  an  amount  of  exu- 
date would  be  possible 
in  such  a  type  of  hernia 
only  in  strangulation, 
the  presence  of  which 
would  show  distinct 
symptoms.  While  the  diagnosis  of  cold  abscess  is  now  fairly  clear,  it  can 
usually  be  fully  confirmed  if  we  examine  the  patient's  back.  We  shall 
generally  find  a  kyphosis,  showing  the  presence  of  tuberculous  osteitis  or 
disease  of  the  vertebra.  If  the  disease  is  not  sufficiently  far  advanced 
for  this,  we  may  find  marked  rigidity  in  the  spine,  which  will  enable  us 
to  locate  the  lesion. 

Cold  abscess  in  the  inguinal  region  may  be  due  to  tuberculous  osteitis 
of  the  pubic  bones.  I  have  seen  several  such  cases.  A  careful  history 
of  the  case,  together  with  the  fact  that  the  anatomic  location  of  the 
swelling  does  not  exactly  correspond  to  that  of  an  inguinal  hernia,  will 
enable  one  in  nearly  every  instance  to  make  a  correct  diagnosis. 

Cysts. — Cysts  in  the  inguinal  or  femoral  region  may  be  mistaken 
for  hernia,  but  the  condition  is  extremely  rare,  and  only  cysts  of  Bartho- 
lin's gland,  simulating  a  labial  hernia,  could  come  into  consideration. 
I  have  seen  but  one  such  case,  and  the  diagnosis  there  could  be  easily 


Fio.  13. — TuBERCtTLOus  Abrcesa  or  Ofl  Pubis,  Giving  Some 
SiuNB  OF  AN  Inguinal  Hernia. 
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Fio.  14.^The  Frame  Truss. 


made  by  the  fact  that  the  tumor  began  to  develop  low  down  in  the  region 
of  the  vulva  and,  as  it  increased  in  size,  gradually  occupied  the  position 
of  the  external  ring,  but  did  not  enter  the  canal.  Such  cysts  may  attain 
considerable  size,  the  one  referred  to  having  reached  the  size  of  a  large 
orange.    Careful  examination  will  show  the  inguinal  canal  empty. 

Treatment  of  Hernia. — Hernia  may  be  treated  by  either  of  two 
methods,  mechanical  or  operative. 

Mechanical  Treatment. — By  mechanical  treatment  we  mean  at- 
tempts to  control  the  hernia  by  some 
form  of  apparatus,  such  as  a  truss  or 
belt — a  truss  for  inguinal  and  femoral 
hernia,  a  belt  for  umbilical  hernia.  Be- 
fore applying  a  truss,  the  hernia  should 
always  be  completely  reduced.  In  case 
of  a  large  hernia,  this  can  best  be  accom- 
plished with  the  patient  in  a  prone  position.  In  large  scrotal  hernia  it  is 
often  necessary  to  use  a  perineal  strap  to  hold  the  pad  in  exact  position 
over  the  opening.  The  best  types  of  truss  are  those  made  with  a  metal 
spring,  either  steel  or  aluminium  covered  with  leather  or  hard  rubber.  In 
applying  any  form  of  truss  the  pad  should  be  so  placed  as  to  rest  directly 
over  the  internal  ring,  rather  than  the  external,  where  it  is  likely  to  press 

upon  the  cord  as  it  passes  over  the  pubic 
bone.  The  pad  should  be  slightly  convex 
in  shape,  covered  with  leather.  In  some 
cases  very  difficult  to  control  a  water  pad 
has  proved  more  efficient  than  a  solid  pad. 
Femoral  hernia  is  best  controlled  by  a 
French  type  of  truss.  (See  Figs.  15  and 
18.)  This  type  is  also  best  adapted  to 
inguinal  hernia  in  the  female  during  pregnancy. 

The  Knight  (cross-body)  truss,  with  a  short  shank  projecting  at 
right  angles  from  the  steel  spring,  is  the  form  used  at  the  Hospital  for 
Ruptured  and  Crippled  for  the  last  forty  years.  It  consists  of  a  steel  spring 
so  tempered  as  to  admit  of  sHght  bending,  covered  with  rubber  tubing, 
passing  three-fourths  of  the  distance  around 
the  abdomen,  the  remaining  fourth  being 
completed  by  a  strap.  It  has  the  advantage 
of  being  applicable  to  femoral  as  well  as  in- 
guinal hernia.  The  amount  of  pressure  can 
be  easily  regulated  by  bending  the  spring 
and  a  perineal  strap  can  be  readily  applied 
if  necessary.  In  private  practice  the  Hood 
or  frame  truss,  of  which  the  Pomeroy  is  a 

good  example,  is  one  of  the  most  efficient  and  most  comfortable  (Fig.  14). 
Umbilical  hernia  in  adults  is  best  controlled  by  a  belt  (Fig.  16)  made 
either  of  linen  duck  or  woven  silk  elastic.  Care  must  be  taken  not  to 
make  the  front  of  the  belt  too  concave,  as  in  most  cases  there  is  needed, 
in  addition,  a  pad,  circular  or  elliptical  in  shape,  of  about  2  inches  greater 


Fio.  15.— The  French  Truss  for 
Femoral  Hernia. 


Fig.  16. — Abdominal  Belt. 
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Via.  17. — The  Kniuht  Truss  used  at  the 
Hospital  for  Rupturku  and  Cripplku. 


diameter  than  the  hernial  ring.    The  pad  should  be  fastened  to  the  belt 
in  such  a  way  that,  if  the  latter  is  in  position,  the  pad  will  rest  directly 

over  the  hernial  orifice.  In  case  of 
irreducible  or  partially  reducible  um- 
bihcal  hernia,  the  pad  may  be  made 
slightly  concave. 

In  umbilical  hernia  in  children  no 
form  of  belt  is  satisfactory,  for  the 
reason  that  it  cannot  be  made  to  re- 
tain its  position.  The  best  way  to 
control  umbilical  hernia  in  children  is 
by  means  of  a  strip  of  zinc  oxid  ad- 
hesive plaster,  2  inches  in  width, 
placed  so  as  to  entirely  encircle  the 
abdomen  on  a  level  with  the  umbili- 
cus. A  wooden  button  mold  li  inches 
in  diameter,  covered  with  adhesive 
plaster,  forms  an  excellent  pad. 

The  mechanical  treatment  of  ir- 
reducible inguinal  hernia  is  difficult 
and  unsatisfactory.  The  so-called 
hinged-cup  truss,  devised  by  Kingdon, 
may  in  such  cases  be  useful,  especially  in  cases  in  which  the  omentum 
alone  is  adherent.  The  use  of  some  such  apparatus  may  prevent  the 
intestine  from  entering  the  hernial  sac. 
Most  cases  of  irreducible  hernia  should  be 
subjected  to  operation,  unless  there  be 
strong  contraindications,  e.  ^.,  the  coexist- 
ence of  organic  trouble  of  the  kidney  or 
heart,  the  advanced  age  of  the  patient,  or 
the  great  size  of  the  hernia.  In  those  cases 
in  which  operation  seems  unwise,  our 
efforts  should  be  directed  toward  prevent- 
ing further  increase  in  the  size  of  the 
hernia  and  toward  securing  the  greatest 
amount  of  comfort  for  the  patient.  In 
many  cases  all  that  we  can  do  is  to  adjust 
a  well-fitting  scrotal  bag,  made  of  canvas 
or  some  other  unyielding  material,  which 
is  held  firmly  against  the  body  by  a  strap  >^ 
encircHng  the  pelvis  and  supported  by-^ 
another  strap  from  the  shoulders. 

In  infants  or  young  children  a  worsted      fi. 
or  yam  trass  has  been  highly  recommended 
by  some  writers.     We  have  given  it  an  ex- 
tensive trial  at  the  Hospital  for  Ruptured  and  Crippled,  ami  discarded  it 
for  the  reason  that  it  is  less  efficient  than  the  spring  truss  and  much  less 
cleanly.     There  is  no  better  truss  than  a  well-tempered  spring  truss,  and 
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if  such  truss  is  properly  fitted,  it  causes  no  more  discomfort  to  the  infant  than 
the  worsted  truss.  The  truss  should  be  applied  as  soon  as  possible  after  the 
discovery  of  the  rupture,  no  matter  how  young  the  infant.  Although  there 
is  a  tendency  at  present  toward  extending  operative  treatment  to  an  earUer 
and  earlier  period  of  life,  some  surgeons  advocating  operation  upon  the 
youngest  inJFants,  I  believe  such  practice  unwise.  My  reasons  are: 
(1)  That  a  large  nimiber  of  infants  and  young  children  under  the  age  of 
one  to  two  years  are  permanently  cured  by  mechanical  treatment;  hence, 
if  all  cases  below  this  age  were  operated  upon,  many  unnecessary  opera- 
tions would  be  performed.  (2)  Operation  in  infants  and  very  young 
children  is  attended  wdth  a  higher  mortaUty,  as  the  statistics  of  Stiles 
and  others  have  shown.  I  believe  that  operation  is  seldom  indicated 
under  the  age  of  four  years,  although  there  are  certain  cases,  e,  g,,  those 
associated  with  reducible  hydrocele,  in  which  the  rupture  cannot  be  con- 
trolled with  a  truss,  in  which  operation  is  justifiable  at  a  younger  age. 

General  Prognosis. — In  the  majority 
of  cases  a  hernia  of  small  size,  if  properly 
fitted  with  a  truss,  may  be  kept  from  in- 
creasing in  size,  and  the  individual  may  be 
able  to  perform  most  kinds  of  work  with- 
out material  discomfort.  In  a  certain  num- 
ber of  cases,  however,  the  hernia  may 
escape  beneath  the  truss,  by  reason  of  some 
unusual  abdominal  effort  and  strangulation 
may  occur.  In  femoral  hernia,  in  spite  of 
a  truss,  a  small  portion  of  omentum  is  very 
apt  to  get  into  the  hernial  sac  and  then  it 
quickly  becomes  adherent.  The  same  is 
true,  even  to  a  greater  degree,  of  umbilical 
hernia.  The  prognosis  of  irreducible  hernia 
is  graver  than  that  of  simple  reducible 
hernia.  In  umbilical  hernia  the  omentum, 
though  adherent,  does  not  prevent  the  in- 
testine also  from  finding  its  way  into  the  hernial  sac,  and  this  may  likewise 
become  adherent,  causing  attacks  of  temporary  obstruction,  inflammation, 
or  complete  strangulation. 

Radical  Treatment  of  Hernia.— The  introduction  of  subcutaneous 
surgery  by  Stromeyer  in  1835  marks  an  important  era  in  the  history  of 
the  operative  treatment  of  hernia.  Among  the  earlier  methods  may  be 
mentioned  Wutzer's  and  Gerdy's,  and  the  method  of  John  Wood,  of 
London,  which  was  a  combination  of  the  open  and  subcutaneous  methods. 
Wood's  method  was  introduced  in  England  in  1857.  The  mortahty 
following  his  procedure  was  7  per  cent. 

By  modem  methods  of  operation  for  the  radical  cure  of  hernia  we 
mean  those  introduced  or  reintroduced  after  the  great  discoveries  of  Lister 
and  Pasteur.  The  first  operation  for  the  radical  cure  of  hernia  after  the 
Introduction  of  antisepsis  was  that  of  Richard  Steele,  of  London,  in  1874, 
foltowed  by  Czemy's  in  1877,  Marcy's  in  1878,  and  Championni^re's 
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in  1881.  While  the  immediate  results  of  some  of  these  methods  were 
very  good,  particularly  in  the  hands  of  their  originators,  the  simi  total 
of  results  was  far  from  satisfactory,  and  there  was  in  1890  a  strong  tend- 
ency on  the  part  of  the  more  conservative  surgeons  to  regard  with  doubt 
the  claims  of  any  of  the  methods  to  the  designation  **the  radical  cure  of 
hernia,"  for  the  reason  that  the  statistics  of  the  most  reliable  sources 
showed  a  proportion  of  30  to  40  per  cent,  of  relapses  within  the  first  year. 
In  addition,  the  risk  of  operation  for  hernia  at  this  time  was  by  no  means 
to  be  ignored.  Four  of  the  largest  hospitals  in  London  in  1890  showed 
a  mortaUty  of  6  per  cent.  The  enthusiasm  for  the  radical  cure  of  hernia 
was  beginning  to  wane  when  the  methods  of  Halsted  and  Bassini  were 
published  (1889-1890). 

The  two  methods  differ  in  several  important  points:  In  Halsted's 
method  the  cord  is  transplanted  more  externally,  so  that  it  lies  just  be- 
neath the  skin  and  superficial  fascia,  whereas  in  Bassini's  operation  the 
cord  is  covered  by  the  aponeurosis  of  the  external  oblique  as  well  as  the 
skin  and  fascia.  The  most  important  difference,  however,  is  that  in  the 
Halsted  method  the  internal  oblique  muscle  is  cut  upward  1  or  2  inches 
before  it  is  sutured  to  Poupart's  ligament.  The  results  of  operation  have 
shown  this  step  to  be  entirely  unnecessary.  In  many  cases,  I 
beUeve,  the  cutting  of  the  internal  oblique  greatly  increases  the  chances 
of  recurrence,  as  it  weakens  the  very  structure  we  most  rely  upon  for 
a  radical  cure.  Another  point  of  difference  is  the  resection  of  all  but  one 
or  two  veins  of  the  cord.  Here  again  the  results,  showing  atrophy  of  the 
testicle  in  a  considerable  proportion  of  cases,  have  proved  the  disadvan- 
tages of  the  method. 

The  imquestionable  superiority  of  Bassini's  method  over  the  earlier 
methods,  as  well  as  over  most  of  those  since  devised,  is  shown  by  the  fact 
that  this  operation  with  slight  modifications  is  today  the  operation  of 
choice  in  practically  all  the  clinics  of  the  world.  The  secret  of  the  success 
of  Bassini's  operation,  I  believe,  depends  largely  upon  the  fact  that  it 
was  the  first  operation  in  which  the  attempt  to  cure  the  hernia  was  based 
upon  a  true  appreciation  of  the  etiology  of  hernia.  In  none  of  the  earlier 
methods  except  Championni^re's  was  it  possible  to  thoroughly  remove 
the  sac  flush  with  the  peritoneal  cavity.  At  present  we  are  beginning  to 
appreciate  the  fact  that  the  great  predisposing  cause  in  all  inguinal  and 
probably  the  majority  of  femoral  hernias,  is  a  congenital  or  preformed 
sac,  and  on  basis  of  this,  the  first  and  essential  principle  of  a  radical 
cure  must  be  the  thorough  removal  of  such  a  sac. 

Principles  Underlying  Operative  Treatment. — Ligature  of  the  sac 
and  suture  of  the  external  pillars  of  the  canal:  Czemy,  Banks,  Barker, 
McCormac.  Suture  of  the  canal  with  overlapping  of  the  aponeurosis 
of  the  external  oblique:  Championni^re.  Infolding  of  the  sac  to  form  a 
pad  within  the  internal  ring:  Macewen.  Torsion  of  sac  and  suture  in  the 
canal:  Ball.  Torsion  of  sac  and  suture  outside  of  aponeurosis:  Kocher. 
Slitting  up  of  the  canal;  high  ligation  of  sac;  wound  left  open  to  heal 
by  granulation:  McBumey.  Slitting  up  aponeurosis  of  the  external 
oblique;  high  ligation  of  sac  with  transplantation  of  cord;   and  suture  of 
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the  internal  oblique  to  Poupart's  ligament:  Bassini,  Halsted.  Trans- 
plantation of  the  cord  by  cutting  through  the  transversalis  fascia  and 
severing  the  epigastric  vessels:    Fowler. 

The  methods  or  modifications  of  methods  for  the  radical  cure  of  hernia 
introduced  in  recent  years  are  so  numerous  that  no  attempt  will  be  made 
to  describe  them.  Many  of  them  differ  so  slightly  that  they  do  not  merit 
separate  names,  and  the  majority  of  them  depend  upon  a  few  general 
principles  that  have  long  been  recognized. 

Indications  for  Operation. — ^The  results  of  modem  methods  of 
operation  performed  under  the  best  conditions  show  a  very  slight  mor- 
tality (0.25  to  0.5  per  cent.)  and  a  veiy  large  percentage  of  permanent 
cures  (upward  of  95  per  cent.). 

Truss  treatment  seldom  effects  a  cure  of  the  hernia,  except  in  the  very 
young.  In  view  of  these  facts,  we  are  warranted  in  advocating  operation 
in  practically  all  cases,  with  the  following  important  exceptions:  (1)  In- 
fants or  children  under  the  age  of  three  to  four  years;  (2)  the  very  aged, 
unless  the  hernia  is  in  danger  of  strangulation;  (3)  very  large  irreducible 
hernia  (especially  in  stout  individuals);  (4)  persons  with  grave  consti- 
tutional disease. 

Choice  of  Method. — Only  those  methods  should  be  employed  that 
have  stood  the  test  of  time.  With  equally  good  results,  that  method 
should  be  selected  which  is  the  simplest  as  regards  technic  and  safest  as 
regards  risk  of  life.  At  present  the  evidence  is  very  strongly  in  favor  of  Bas- 
sini's  method,  with  or  without  the  transplantation  of  the  cord.  Some 
procedures  have  yielded  good  results  only  in  the  hands  of  their  author, 
lout  with  Bassini 's  method  equally  good,  if  not  superior,  results  have  been 
obtained  by  other  surgeons.  While  the  results  of  Kocher's  method  at 
the  Bern  clinic  have  been  nearly  as  good  as  those  obtained  by  Bassini's 
method,  the  former  seems  theoretically  inferior  to  Bassini's  method, 
and,  practically,  I  do  not  think  it  is  applicable  to  such  a  wide  range  of 
cases  as  Bassini's  method. 

There  is  some  imcertainty  as  to  the  wisdom  of  transplanting  the  cord 
as  a  routine  measure.  Experience  thus  far  would  seem  to  show  that  it 
is  immaterial  in  the  case  of  children,  but  in  adults  I  believe  that  slightly 
better  results  may  be  obtained  by  retaining  the  transplantation  step. 
Transplantation  of  the  cord  is  essential  to  success  in  all  cases  of  direct 
inguinal  hernia.  On  the  other  hand,  in  cases  of  oblique  hernia  associated 
with  undescended  testis  transplantation  should  always  be  omitted  in 
order  to  obtain  greater  length  of  cord. 

In  my  opinion,  the  curved  skin  incision  which  is  advocated  by  some 
writers  is  distinctly  inferior  to  the  straight  incision;  it  requires  more 
time  in  closing  and  also  leaves  a  much  more  noticeable  scar.  That 
feature  of  any  method  which  allows  the  sac  to  remain  behind  to  be 
disposed  of  in  various  ways,  either  extraperitoneally  or  intraperitoneally, 
has,  I  believe,  little  to  commend  it.  Such  disposition  of  the  sac  somewhat 
lessens  the  chances  of  securing  primary  imion  and  affords  no  additional 
security  against  relapse. 

Success  in  any  method  for  the  radical  cure  of  hernia  depends  in  no 
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small  degree  upon  rapidity  of  operating  and  careful  dissection,  without 
bruising  the  tissues,  both  of  which  features  greatly  facilitate  primary 
union. 

The  use  of  rubber  gloves  is  a  most  important  element  in  the  technic 
of  hernia  operations.  Their  employment  does  not  lengthen  the  time  of 
operation,  as  claimed  by  some,  and  certainly  lessens  the  chances  of  in- 
fection. Since  the  introduction  of  rubber  gloves  at  the  Hospital  for 
Ruptured  and  Crippled,  primary  union  has  been  obtained  in  98.5  per 
cent,  of  the  cases. 

The  choice  of  suture  material  is  next  in  importance  to  the  choice 
of  method.  Many  of  the  earlier  failures  were  imdoubtedly  due  to  too 
rapid  absorption  of  simple  catgut  sutures.  On  the  other  hand,  many  of 
the  later  failures  have  been  due  to  the  use  of  non-absorbable  sutures,  which 
caused  the  development  of  slowly  healing  sinuses,  finally  weakening  the 
line  of  union  of  the  deep  sutures  to  such  an  extent  that  relapse  followed. 
Upward  of  thirty  cases  of  sinus  formation  have  been  observed  at  the  out- 
patient department  of  the  Hospital  for  Ruptured  and  Crippled  following  the 
use  of  silver  wire,  silkworm-gut,  and  silk.  In  some  of  the  cases  that 
healed  by  primary  union  a  sinus  developed  as  late  as  nearly  four  years 
after  the  introduction  of  the  sutures.  Now  that  it  has  been  proved  pos- 
sible to  thoroughly  sterilize  absorbable  sutures  of  kangaroo  tendon  or 
catgut,  and  to  so  chromicize  them  as  to  cause  them  to  remain 
unabsorbed  for  any  desired  length  of  time,  I  believe  there  are  no 
longer  any  valid  reasons  for  continuing  the  use  of  unabsorbable  sutures 
in  operations  for  the  radical  cure  of  hernia.  A  word  of  caution  is,  how- 
ever, necessary  in  regard  to  the  use  of  the  commercial  catgut,  especially 
the  larger  sizes.  The  writer  knows  of  two  cases  within  the  last  year  in 
which  the  patient  died  of  tetanus  from  the  use  of  imperfectly  sterilized 
catgut.  This  fact  might  be  used  as  a  reason  for  using  non-absorbable 
sutures.  It  certainly  would  seem  preferable  to  use  such  sutures,  rather 
than  catgut  of  doubtful  sterility.  At  the  Hospital  for  Ruptured  and 
Crippled,  during  the  last  seventeen  years,  all  chromicized  kangaroo  tendon 
and  catgut  used  has  been  prepared  by  Van  Horn  &  Sawtell,  and  frequent 
bacteriologic  examinations  have  always  shown  it  to  be  sterile.  There 
are  many  methods  of  preparing  catgut  at  the  present  time  which  render 
its  use  absolutely  safe. 

Local  Anesthesia. — Local  anesthesia  was  at  first  advocated  for 
strangulated  hernia,  but  at  present  a  number  of  surgeons  strongly  urge 
its  adoption  as  a  routine  measure  in  all  operations  for  the  radical  cure 
of  inguinal  hernia.  Cushing  and  Bloodgood,  of  Johns  Hopkins,  and 
Bodine,  of  New  York,  have  been  among  its  earliest  and  strongest  advo- 
cates. Bloodgood  states  that  in  18  per  cent,  of  the  cases  of  strangulated 
inguinal  hernia,  28  per  cent,  of  those  of  strangulated  femoral  hernia, 
and  33  per  cent,  of  those  of  strangulated  umbilical  hernia  observed  at 
the  Johns  Hopkins  Hospital  the  intestine  was  gangrenous  or  general 
peritonitis  was  present  at  the  time  of  operation,  and  in  25  per  cent,  of 
these  cases  bronchopneumonia  was  noted  at  autopsy.  Ether  was  the 
anesthetic  used  in  all  cases.     If  cocain  were  used  in  such  cases,  and  a 
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simple  operation  first  performed,  he  believes  the  mortality  would  be 
lower. 

Gushing,  in  1900,  reported  forty-nine  cases  of  hernia  in  which  cocain 
had  been  used  at  the  Johns  Hopkins  Hospital.  Gushing  advised  its  use 
only  in  the  presence  of  certain  conditions,  e.  g,,  advanced  age,  chronic 
bronchitis,  larjmgitis,  cardiac  disease,  and  chronic  nephritis,  but  regarded 
general  anesthesia  as  preferable,  from  the  standpoint  of  both  surgeon  and 
patient,  when  it  could  be  given  with  safety. 

Bodine,^*  of  New  York,  has  operated  upon  500  cases  of  non-strangu- 
lated hernia  imder  cocain  anesthesia  with  remarkably  good  results.  He 
has  had  no  mortality  and  the  wound  healing  and  final  results  have  been 
apparently  as  good  as  have  been  obtained  under  general  anesthesia. 

The  advantages  claimed  for  the  method  are  that  it  avoids  the  risks 
of  a  general  anesthesia.  I  do  not  believe,  however,  that  these  risks  are 
any  greater  than  those  of  cocain,  considering  the  increased  risk  of  the 
latter  from  sepsis  due  to  the  prolonged  exposure  of  the  wound,  the  opera- 
tion imder  cocain  taking  about  one  hour,  while  under  a  general  anesthetic 
the  same  operation  can  be  performed  in  ten  minutes.  I  believe  that 
local  anesthesia  has  a  very  important  place  in  hernia  operations,  but 
would  restrict  its  use  to  cases  in  which  ether  is  contraindicated.  The 
danger  from  the  small  amoimt  of  ether  required  for  a  hernia  operation 
in  a  healthy  individual  I  believe  to  be  practically  nil.  We  have  had 
only  one  death  from  ether  in  over  2200  cases  at  the  Hospital  for  Ruptured 
and  Crippled,  and  this  from  bronchopneumonia  in  a  child  who  had 
recently  recovered  from  an  attack  of  measles,  in  which  it  would  have 
been  wiser  to  postpone  operation  until  a  later  date.  Adding  to  these 
my  cases  operated  upon  outside  of  the  Hospital  for  Ruptured  and 
Crippled,  the  number  would  exceed  3200  cases,  with  one  death  from 
anesthesia. 

The  dangers  from  cocain  cannot  be  entirely  disregarded,  although  in 
the  minute  doses  recommended  by  Bodine  the  risk  is  doubtless  exceed- 
ingly small.  Some  surgeons,  notably  Bier,  have  recommended  and  use 
spinal  anesthesia  (cocain,  eucain,  novocain,  etc.)  for  all  operations  for 
inguinal  hernia,  but  up  to  the  present  moment  the  dangers  of  spinal 
anesthesia,  even  in  the  hands  of  the  most  expert,  are  certainly  far  greater 
than  the  dangers  from  ether.  Hence,  I  do  not  believe  it  should  be  sub- 
stituted for  general  anesthesia  as  a  routine  measure. 

The  question  of  local  anesthesia  for  strangulated  heniia  has  been 
recently  discussed  by  Hesse,  of  Brims'  clinic.  While  he  believes  that, 
on  the  whole,  it  is  preferable  to  general  anesthesia,  he  admits  that  it 
makes  greater  demands  on  the  mind  of  the  patient,  and  the  danger  of 
shock,  so  frequently  pointed  out  by  v.  Bergmann  and  Lexer,  cannot  be 
ignored.  While  Hofmeister  and  Petersen  are  strongly  in  favor  of  local 
anesthesia  in  strangulated  hernia,  Mikulicz  and  Henle*  were  equally 
opposed  to  it,  and  do  not  believe  the  dangers  from  pneumonia  are 
lessened  by  its  use. 

Dangers  Connected  with  the  Operation  for  the  Radical  Cure 
of  Hernia. — Most  of  the  deaths  from  hernia  operations  have  been  due 
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to  infection,  but  with  the  gradual  perfection  of  technic,  especially  since 
the  use  of  rubber  gloves  has  become  more  general,  the  mortality  has 
steadily  decreased.  Up  to  1890  the  mortality  from  operation  for  non- 
strangulated  hernia  in  four  of  the  largest  hospitals  in  London  was  6  per 
cent.  In  2032  cases  operated  upon  at  the  Hospital  for  Ruptured  and 
Crippled  from  1890  to  1907,  there  have  been  five  deaths. 

The  danger  of  pneumonia  is  very  slight  in  a  healthy  individual;  the 
patient  is  under  the  anesthetic  for  not  more  than  ten  to  fifteen  minutes 
in  uncomplicated  cases.  A  certain  number  of  deaths  have  been  reported 
as  due  to  embolism;  three  deaths  due  to  tetanus  from  the  use  of  imper- 
fectly sterilized  catgut  sutures  have  come  to  my  notice. 

I  know  from  personal  commimications  of  four  instances  of  injury 
to  the  artery  or  vein  from  needle  puncture  during  the  insertion  of  the  deep 
sutures  into  Poupart's  ligament.  If  these  sutures  are  always  introduced 
from  within  outward,  the  danger  of  injury  to  the  vessels  will  be  reduced 
to  a  minimum.  Although  I  always  use  a  sharp  Hagedom  needle,  I  am 
extremely  careful  not  to  go  too  deep,  and  always  pick  up  the  shelving 
process  of  Poupart's  ligament  with  forceps  before  inserting  the  needle, 
and,  most  important,  always  insert  it  from  within  outward,  or,  rather, 
from  below  upward. 

The  extensive  statistics  of  Pott*  show  the  mortality  of  inguinal  hernia 
prior  to  1894  to  be  1.9  per  cent.;  since  1895,  0.7  per  cent.;  of  femoral 
hernia  prior  to  1894,  2.1  per  cent.;  since  1895,  0.5  per  cent.;  of  ventral 
hernia  before  1894,  3  per  cent.;  since  1895,  1.1  per  cent. 

Of  129  cases  in  which  the  cause  of  death  was  stated,  it  was  due  to 
septic  processes  in  43  cases,  or  30.9  per  cent.,  t.  c,  peritonitis  was  the 
cause  in  22  cases;  erysipelas,  in  4  cases;  tetanus,  in  2  cases. 

Acute  lung  complications,  pneumonia,  bronchitis,  were  present  in 
42  cases  (30.9  per  cent.).  Death  was  attributed  to  chloroform  and 
ether  in  8  cases;  to  iodoform  in  1  case;  to  intestinal  complications  in 
11  cases;  to  post-operative  hemorrhage  in  8  cases;  to  embolism  in  8 
cases;  to  uremia  in  2  cases;  to  shock  in  2  cases. 
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Among  the  most  important  may  be  mentioned:  Obstruction,  irre- 
ducibility,  inflammation,  strangulation. 

Obstruction. — Fecal  stasis  was  at  one  time  regarded  as  a  very 
common  occurrence  and  one  of  the  most  frequent  causes  of  strangulation. 
Modem  A^Titers  either  deny  the  existence  of  fecal  stasis  or  believe  it  to 
be  extremely  rare,  occurring  only  in  irreducible  hernia  of  the  large  in- 
testine of  long  standing.  They  deny  that  it  is  ever  the  actual  cause  of 
strangulation.  I  have  observed  one  case  of  strangulated  sigmoid  hernia 
in  a  child  three  and  a  half  yeare  of  age,  in  which  the  fecal  accumula- 
tion was  the  chief  cause  of  strangulation.  In  this  case  a  loop  of  bowel 
6  inches  long  was  completely  filled  with  fecal  matter  of  the  consistence 
of  putty.    The  diagnosis  was  made  before  operation.    This  is  the  only 
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instance  which  I  have  personally  observed  and  very  few  have  been 
reported. 

Symptoms. — ^The  symptoms  of  obstructed  hernia  are  milder  in  type 
and  develop  more  slowly  than  in  strangulation.  Constipation  is  present, 
but  not  obstinate.  The  tongue  is  usually  coated;  the  patient  loses  desire 
for  food;  nausea  and  often  sUght  vomiting  may  be  present.  There  is 
usually  a  dull,  dragging  feeling  in  the  region  of  the  hernia  which,  later  on, 
may  become  actual  pain,  acute  and  colicky  in  character,  and  finally 
extend  over  the  whole  abdomen.  Examination  of  the  tumor  at  this  time 
shows  it  somewhat  larger  than  usual  and  slightly  tender  on  pressure; 
an  impulse  on  coughing  may  usually  be  detected,  particularly  in  the  upper 
portion  of  the  tumor.  These  symptoms  may  last  for  several  days  without 
any  material  increase  in  severity  and  then  gradually  disappear.  In  cer- 
tain cases,  however,  they  continue,  become  more  and  more  severe,  and 
finally  end  in  strangulation.  If  no  improvement  follows  the  adminis- 
tration of  enemata,  one  should  suspect  strangulation  and  act  accord- 
ingly. 

Treatment. — The  treatment  depends  largely  upon  the  severity  of  the 
symptoms.  In  nearly  all  cases  taxis  is  injudicious  and  may  be  harmful. 
The  patient  should  be  placed  in  bed,  the  foot  of  the  latter  elevated,  and 
external  applications — preferably  of  hot  cloths,  frequently  changed — 
should  be  made  to  the  hernia.  Cathartics  should  not  be  given  by  the 
mouth,  but  an  attempt  should  be  made  to  move  the  bowel  by  high 
enemata,  consisting  of  oil  and  ox-gall,  followed  by  1  or  2  quarts  of  warm 
water,  and  repeated  every  two  to  three  hours.  If  the  bowels  have  been 
partially  moved  by  enemata,  it  is  safe  to  give  a  cathartic  by  mouth, 
preferably  a  small  dose  of  calomel  followed  by  saline.  In  the  event  of 
failure  to  relieve  the  obstruction,  the  case  should  be  treated  as  one  of 
strangulation,  with  immediate  operation. 

Irreducible  Hernia. — This  term  is  applied  to  a  hernia  in  which 
the  contents  of  the  sac  cannot  be  returned  into  the  abdominal  cav- 
ity, but  in  which  the  constriction  is  not  sufficient  to  interfere  with 
circulation  or  with  the  function  of  the  omentum  or  bowel.  This  condi- 
tion of  irreducibility  may  be  due  to  a  sudden  increase  in  the  size  of  the 
hernia  resulting  from  some  unusual  muscular  effort,  or,  as  is  more  often 
the  case,  it  may  be  due  to  the  fact  that  it  has  been  incompletely  controlled 
so  long  that  adhesions  have  formed  between  sac  and  contents,  thus  pre- 
venting the  return  into  the  abdomen.  This  condition  is  most  frequently 
found  in  umbilical  hernia;  second,  in  the  order  of  frequency,  in  femoral; 
and,  third,  in  inguinal  hernia.  Macready  found  in  377  cases  of  irreducible 
inguinal  and  femoral  hernia  observed  at  the  London  Truss  Society,  187 
cases  of  inguinal  and  190  of  femoral  hernia. 

Irreducible  hernia  rarely  occurs  in  children  under  the  age  of  fourteen; 
the  only  cases  observed  at  the  Hospital  for  Ruptured  and  Crippled  have 
been  in  sliding  cecal  hernias.  The  contents  of  the  sac  in  irreducible 
hernia  in  children  is  nearly  always  the  cecum  or  sigmoid.  In  adults  it 
is  the  omentum  in  90  per  cent,  of  the  cases.    Serous  exudate  is  often 
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found  in  irreducible  hemia  in  varying  amounts,  dependent  upon  the 
tightness  of  the  constriction. 

Symptoms. — In  the  cases  of  irreducible  omental  hemia  there  are  few 
symptoms  worthy  of  note,  unless  the  mass  of  omentimi  be  very  lai^ge, 
in  which  case  there  is  often  a  dragging  sensation  or  feeling  of  discomfort 
by  reason  of  the  weight. 

In  irreducible  umbilical  hemia,  especially  in  stout  people,  there  is 
very  apt  to  be  a  portion  of  the  colon  as  well  as  of  the  omentum  in  the 
hernial  sac,  and  in  such  cases  there  are  often  present  colicky  pains,  flatu- 
lence and  digestive  disturbances,  associated  with  marked  irregularity 
of  the  bowels.  Not  infrequently  attacks  of  local  peritonitis  occur,  con- 
fining the  patient  to  bed  for  a  number  of  days.  Such  a  condition  is 
attended  with  considerable  risk,  inasmuch  as  the  simple  irreducible  hemia 
has  become  an  inflamed  one,  and  the  treatment  will  be  considered  under 

the  heading  of  inflamed 
hemia. 

Treatment. — If  the 
hemia  has  been  irreduci- 
ble for  only  a  few  days  or 
weeks,  rest  in  bed  with 
the  application  of  an  ice- 
bag,  wdth  pressure  from  a 
firmly  applied  bandage, 
may  be  sufficient  to  ren- 
der possible  the  return  of 
the  hernia  into  the  abdo- 
men. During  the  period 
of  rest  in  bed  the  patient 
should  be  put  on  a  strict 
diet,  especially  if  incUn- 
ed  to  stoutness.  Taxis 
should  be  tried  every  two 

Fig.  20.— Special  Truss  FOR  Very  Large  Inguinal  Hernia.      or  three   dayS,  but   never 

pushed  to  the  limit  of 
causing  inflammatory  changes  in  the  contents  of  the  sac.  Macready 
believes  that  much  can  be  accomplished  in  inguinal  hemia  by  the  use  of 
the  hinged-cup  truss.  He  states  that  68.7  per  cent,  of  irreducible  inguinal 
hernias  can  be  reduced  by  this  truss  if  wom  day  and  night,  the  average 
time  required  being  about  fifty  days.     (See  Fig.  20.) 

The  difficulty  in  the  way  of  practical  application  of  such  methods  of 
treatment  lies  in  the  fact  that  very  few  individuals  are  willing  to  submit 
to  the  long  period  of  enforced  rest  necessary  to  insure  success.  Even  in 
the  event  of  a  successful  reduction  of  the  hernia  such  cases  are  usually 
most  difficult  to  control;  hence  the  liability  to  become  again  irreducible. 

Personally  I  believe  it  is  far  better  in  these  cases  to  advise  operation, 
except  in  a  small  number  of  cases  in  which  there  are  sufficient  contra- 
indications to  operative  treatment. 

Inflamed  Hernia. — A  hemia  that  has  been  irreducible  for  a  long 
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time  soon  becomes  adherent,  and  from  the  action  of  a  truss  or  the 
constant  irritation  caused  by  walking  it  may  become  inflamed.  In 
some  of  the  cases,  although  this  rarely  happens,  it  may  become  infected 
with  the  colon  bacillus  or  other  pyogenic  organisms  and  suppuration  in 
the  sac  may  take  place.  I  have  had  recently  a  case  under  treatment  at 
the  General  Memorial  Hospital,  a  woman  sixty  years  of  age,  with  a  large 
irreducible  umbilical  hernia  in  which  suppuration  occurred,  causing  rup- 
ture of  the  sac,  infiltration  of  the  overlying  skin,  breaking  externally  and 
discharging  about  a  pint  of  pus  and  necrotic  omentum.  Bacteriologic 
examination  showed  a  pure  culture  of  colon  bacillus.  The  patient  made 
a  good  recovery,  without  operation. 

The  heavy  weight  of  a  hernia  may  cause  marked  changes  in  the  circula- 
tion, giving  rise  to  venous  stasis.  In  most  cases  the  inflammation  is 
of  a  simple  type,  causing  adhesions  between  the  omentum  and  the  sac. 

The  chief  causes  of  inflamed  hernia  are  prolonged  taxis,  causing  extra- 
vasation of  blood,  contusion,  pressure  from  an  ill-fitting  truss,  enteritis, 
obstruction.  The  inflammation  may  begin  in  the  wall  of  the  sac  or  in 
the  contents  of  the  same;  in  either  event  both  sac  and  contents  are  usually 
quickly  involved  in  the  process.  The  sac  becomes  filled  with  serous 
exudate,  which  may  either  disappear  entirely  by  absorption,  or  go 
toward  the  formation  of  adhesions.  The  process  is  really  one  of  local 
peritonitis,  resulting  ordinarily  in  complete  resolution,  but  occasionally 
ending  in  strangulation. 

Symptoms. — In  the  more  acute  types  we  find  local  tenderness,  in- 
crease in  size,  presence  of  an  exudate,  as  shown  by  fiuctuation  and  slight 
febrile  reaction.  In  some  rare  cases  the  skin  may  become  reddened  and 
adherent;  there  may  be  an  increased  pulse-rate,  nausea,  constipation, 
and  sometimes  vomiting.  If  the  omentum  alone  is  contained  in  the  her- 
nial sac,  the  symptoms  are  of  a  less  severe  type  and  of  short  duration. 
If,  however,  the  bowel  be  present  in  the  hernial  sac,  the  condition  is  far 
more  serious. 

Treatment. — The  application  of  ice  or  hot  towels.  Ice  should  never 
be  used  in  elderly  persons.  High  enemata,  such  as  advocated  in  cases 
of  obstructed  hernia,  are  here  indicated,  and  no  cathartics  should  be  given 
until  the  bowels  have  been  moved. 

Strangulated  Hernia. — By  "strangulated  hernia"  we  mean  a 
hernia  that  has  become  so  tightly  constricted  as  to  seriously  interfere 
with  the  circulation  of  the  viscus  forming  the  contents  of  the  hernia. 
If  the  constriction  is  not  relieved  within  a  comparatively  short  time, 
gangrene  inevitably  follows. 

Etiology. — ^The  ring  which  forms  the  constriction  may  be  an  opening 
in  the  fascia  through  which  the  hernia  protrudes,  e.  gf.,  a  tight  external 
ring  in  inguinal  hernia,  or  the  crural  ring  in  femoral  hernia,  or  it  may  be 
the  neck  of  the  sac.  The  neck  of  the  sac  has  been  given  a  far  more  im- 
portant r61e  in  strangulated  hernia  than  the  facts  justify.  In  children 
it  is  almost  never  the  cause  of  strangulation,  the  constriction  being  due  to 
a  tight  external  ring  in  the  great  majority  of  cases.  In  seventeen  cases 
of  strangulated  hernia  in  children  at  the  Hospital  for  Ruptured  and  Crip- 


42  HERNIA. 

pled  the  strangulation  was  due  to  the  neck  of  the  sac  in  only  one  instance, 
a  boy  three  years  af  age. 

Mechanism  of  Strangulation. — Much  study  has  been  given  and 
many  experiments  have  been  made  in  efforts  to  determine  the  mechanism 
of  strangulation.  Even  at  the  present  time  authorities  are  by  no  means 
in  accord.  The  problem  is  difficult  of  solution  for  the  reason  that  it  is 
impossible  to  artificially  produce  in  animals  the  exact  conditions  present 
in  the  case  of  strangulated  hernia  in  man.  The  most  important  of  the 
theories  thus  far  advanced  are  those  of  Roser,  Busch,  Lossen,  Kocher, 
and  Reichel. 

Roser,  in  1856,  believed  that  constriction  was  due  to  a  valve-like 
occlusion  produced  by  folds  of  mucous  membrane  at  the  site  of  the  con- 
striction. 

Busch's  theory,  1875,  was  that  the  fluid  contents  of  the  intestine  were 


Fio.  21. — Mechanism  of  Strangulation. 
1,  Theory  of  Busch;  2,  theory  of  Losaen;  3,  theory  of  Berger  (interposition  of  mesentery). 

forced  into  the  afferent  loop,  producing  angulation,  which  was  an  im- 
portant cause  of  strangulation. 

Lossen  explained  the  mechanism  of  strangulation  as  due  to  compres- 
sion of  the  column  of  feces  acting  upon  the  vessels  of  the  mesentery, 
producing  venous  stasis. 

Kocher  (1877)  considered  dilatation  of  the  intestine,  rather  than 
angulation,  to  be  an  important  factor. 

Reichel  (1886)  offered  still  another  explanation,  namely,  that  the 
mucous  membrane  of  the  constricted  loop  was  forced  upward  by  a  process 
of  invagination,  thus  becoming  an  important  element  in  strangulation. 

Van  Zwalenburg,  of  Riverside,  Cal.,  has*  recently  carried  out  some  interesting 
experiments  bearing  upon  the  etiology  of  strangulated  hernia,  which,  though  unpub- 
lished. I  am  permitted  to  quote.  After  etherization,  a  loop  of  intestine  is  withdrawn 
through  an  abdominal  incision,  a  cannula  tied  into  one  ena  of  it,  and  a  small  electric 
lamp  in  the  other.  The  whole  is  then  brought  under  the  microscope  and  circulation 
of  the  wall  of  the  gut  studied  under  different  pressures  obtained  by  water  intro- 
duced through  the  cannula.  The  degree  of  -pressure  was  noted  on  a  mercury 
manometer,  placed  in  circuit  with  the  pressure  bulb.  At  a  pressure  of  30  mm. 
mercury  it  was  found  that  some  of  the  capillary  streams  were  arrested.  At  60 
mm.  many  small  veins  had  their  current  arrested,  and  in  most  of  them  the  stream 
was  so  slow  that  individual  corpuscles  could  be  seen.  At  90  mm.  many  of  the 
blood-streams  ceased  motion  entirely  and  the  others  were  moving  very  slowly. 
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Currents  were  observed  going  in  one  direction  at  one  time,  the  next  moment  in  the 
opposite.     At  130  mm.  Si  circulation  stopped. 

Some  ecchymotic  hemorrhages  were  noted  as  early  as  50  mm. 

Gut  kept  at  80  to  90  mm.  pressure  for  an  hour  became  enormously  congested. 
Small  drops  of  fluid  were  observed  standing  upon  the  surface  of  the  gut  like  beads 
of  perspiration,  illustrating  the  manner  in  which  the  formation  of  serous  exudate 
takes  place  in  strangulated  hernia. 

Van  Zwalenburg  beheves  that  this  experiment  demonstrates  the  importance  of 
distention  as  a  factor  in  the  production  of  strangulated  hernia.  In  other  words, 
it  is  added  confirmation  of  Kocher's  theory  of  dilatation. 

It  is  probable  that  there  is  a  certain  amount  of  truth  in  each  of  the 
theories  that  have  been  described,  but  that  no  one  of  them  is  the  sole 
factor  in  strangulation.  The  principal  objection  to  Roser's  theory  is 
that  in  cases  of  actual  strangulation  in  man  no  such  valves  as  he  describes 
have  been  found.  The  main  objection  to  Lossen's  theory  of  compression 
by  solid  feces  is  that  it  is  an  extremely  rare  occurrence  to  find  solid  feces 
in  a  strangulated  loop,  the  latter  being  nearly  always  filled  with  gas  or  a 
small  amount  of  liquid  feces. 

The  simplest  explanation  of  the  mechanism  of  strangulation  is 
that  we  have  a  narrow  ring,  not  exactly  like  the  rigid  cardboard  ring 
as  used  in  the  various  experiments  mentioned,  but  a  ring  more  or  less 
elastic;  a  loop  of  bowel,  in  the  great  majority  of  cases  a  loop  of  empty 
small  intestine,  is  forced  through  this  ring  by  some  unusual  increase  in 
intra-abdominal  pressure.  As  soon  as  this  pressure  subsides,  the  ring 
contracts  to  its  normal  size,  producing  markai  constriction  of  this  loop, 
in  many  cases  sufficient  to  interfere  with  its  venous  circulation.  The 
peristaltic  action  of  the  intestine  above  the  constriction  continues  to 
force  gas  and  possibly  liquid  feces  through  the  partially  obliterated  lumen 
into  the  extruded  loop,  gradually  distending  it  more  and  more.  As  this 
distention  increases,  the  more  serious  becomes  the  interference  with  its 
circulation,  and  it  is  easy  to  understand  how  the  angulation  theory  of 
Busch  or  the  dilatation  theory  of  Kocher  may  play  their  role;  such  a 
role,  however,  is  always  secondary. 

Pathologic  Anatomy. — First  we  have,  as  a  result  of  the  interference 
with  the  circulation,  a  venous  stasis  which  is  followed  by  the  pouring  out 
of  serous  exudate  which  soon  fills  the  sac  and  may  be  so  abundant  as  to 
obscure  the  tympanitic  note  of  the  bowel.  The  fluid,  at  first  a  clear  amber 
in  color,  later  becomes  tinged  with  blood,  and  finally  may  become  turbid 
from  the  presence  of  leukocytes.  In  the  early  stages  the  fluid  is  practi- 
cally always  sterile,  but  later  on  it  contains  bacteria  which  have  found 
their  way  through  the  intestinal  wall.  The  loop  of  bowel  is  at  first  of  a 
much  brighter  red  than  normal,  owing  to  its  congestion;  later  on,  it 
becomes  of  a  purplish  hue  and,  finally,  with  the  approach  of  gangrene, 
turns  to  a  grayish  color,  loses  its  smooth,  glossy  appearance,  and  the  sur- 
face becomes  granular.  In  gangrene  the  process  begins  in  the  mucous 
membrane  and  extends  to  the  serous  coat.  Gangrene  may  occur  at  a 
comparatively  early  period,  sometimes  beginning  six  to  seven  hours  after 
the  appearance  of  the  strangulation,  dependent  on  the  tightness  of  the 
constriction.  If  the  constriction  is  sufficiently  tight  to  cause  arterial 
and  venous  stasis  at  the  same  time,  gangrene  takes  place  with  great 
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rapidity,  while  with  a  larger  ring  the  process  may  be  much  delayed, 
sometimes  not  beginning  until  two  or  three  days  after  strangulation. 
Clinical  Histoxy  and  Symptomatology  of  Strangulated  Hernia. — 

In  most  cases  the  cUnical  picture  of  strangulated  hernia  is  so  characteristic 
that  the  diagnosis  is  clear.  With  very  rare  exceptions  strangulation 
occurs  in  persons  who  have  had  a  hernia  for  a  considerable  period  of  time. 
In  a  few  instances  it  has  been  found  in  individuals  without  any  previous 
history  of  hernia.  Personally,  I  have  seen  two  such  cases.  In  these 
cases  we  must  believe  that  there  was  present  a  congenital,  partial  or  com- 
plete funicular  process  of  peritoneum,  into  which  the  hernia  had  suddenly 
been  forced  by  some  unusual  abdominal  effort.  The  first  thing  the 
patient  Notices  is  a  sudden,  sharp  pain  in  the  region  of  a  hernial 
orifice,  usually  appearing  immediately  after  some  severe  muscular 
effort,  e.  g.,  lifting,  coughing,  sneezing.  In  the  case  of  an  old  hernia 
that  has  hitherto  been  reducible  the  patient  finds  on  examination 
a  swelling  somewhat  larger  than  usual  which  can  no  longer  be  returned 
into  the  abdominal  cavity.  The  tumor  is  at  first  moderately  soft  in 
consistence,  but  quickly  becomes  more  and  more  tense  and  tender.  The 
colicky  pains  continue  with  greater  severity,  owing  to  the  increased 
peristalsis  of  the  bowel  above  the  point  of  constriction;  soon  nausea 
and  vomiting  appear.  The  interval  of  time  elapsing  before  vomiting 
occurs  depends  much  upon  what  portion  of  the  intestine  is  strangulated. 
If  the  constriction  occurs  low  down  in  the  small  intestine,  vomiting  may 
be  considerably  delayed;  if  high  up  in  the  ileum,  it  sets  in  very  quickly. 
The  vomitus  at  first  consists  merely  of  the  ordinary  stomach  contents. 
If  the  constriction  is  not  relieved,  it  soon  contains  bile,  and  later  assumes  a 
fecal  character.  There  is  complete  constipation,  and  although  a  small 
amount  of  feces  already  present  in  the  bowel  below  the  constriction  may 
be  brought  out  by  enemata,  no  real  bowel  movement  takes  place.  The 
changes  which  rapidly  occur  in  the  imprisoned  bowel  are  congestion  and 
exudation,  which  give  rise  to  corresponding  changes  in  the  physical  signs. 
The  tumor  becomes  not  only  more  tense,  but  more  tender  on  pressure, 
and  if  the  strangulation  is  allowed  to  persist  without  relief,  the  sac  and 
overlying  tissues  may  all  become  edematous  and  infiltrated  and  gangrene 
of  the  gut  may  ensue.  In  rare  cases  the  skin  itself  finally  becomes 
involved,  the  gangrene  of  the  bowel  extending  through  the  sac  and  over- 
lying tissues,  which  become  rapidly  disintegrated  by  the  action  of  the 
powerful  bacterial  toxins  and,  finally,  an  external  opening  or  artificial 
anus  is  produced  and  nature  thereby  effects  a  cure.  Such  a  result  is, 
however,  extremely  rare,  and  in  the  great  majority  of  cases,  probably  98 
per  cent.,  the  peritoneal  inflammation  extends  within  the  ring,  causing 
general  peritonitis  and  death,  before  there  has  been  time  to  produce  an 
external  opening. 

General  Symptoms. — The  first  symptom  of  strangulation  is  marked 
shock,  as  shown  by  a  weak  and  rapid  pulse,  110  to  150;  the  expression 
becomes  anxious,  the  breathing  rapid  and  shallow;  the  eyes  are  sunken, 
the  lips  cyanotic.  The  temperature  may  at  first  slightly  rise,  99.5°  to 
100°,  but  later  on,  as  the  shock  becomes  more  profound,  temperature 
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and  pulse  fall  to  subnormal;  still  later,  after  gangrene  has  set  in,  the  tem- 
perature again  rises  sharply,  due  to  the  absorption  into  the  general 
circulation  of  the  products  of  the  gangrene.  The  urine  is  scanty  or  even 
suppressed  and  of  a  high  color.  If  only  a  portion  of  the  wall  of  the 
bowel  is  constricted  (Richter's  hernia)  the  same  symptoms  and  physical 
signs  are  found,  although  ordinarily  of  a  mild  type. 

Diagnosis  of  Strangulated  Hernia. — Most  errors  in  diagnosis  have 
been  due  to  lack  of  careful  physical  examination.  The  patient  has  had 
a  small  femoral  hernia  that  has  never  given  any  trouble.  The  loop  of 
bowel  is  so  small  that  no  very  noticeable  external  tumor  is  present. 
Hence  it  may  be  easily  overlooked  by  a  careless  examiner.  The  local 
symptoms  may  be  obscured  by  the  general  symptoms.  This  is  especially 
true  of  strangulated  obturator  hernia,  in  most  of  the  recorded  cases  of 
which  no  diagnosis  waa  made  until  an  exploratory  operation  for  intestinal 
obstruction  revealed  the  true  condition.  There  is  another  condition  which 
I  have  several  times  seen  mistaken  for  strangulated  hernia,  ?*.  c,  hydrocele 
of  the  cord,  in  infants  and  young  children.  Here  we  have  the  added  diffi- 
culty of  not  being  able  to  obtain  any  personal  history  of  value.  The  mother 
states  that  the  swelling  suddenly  appeared  in  the  inguinal  region,  although 
it  may  really  have  been  present  days  before  it  was  noticed.  Physical 
examination  reveals  a  condition  that  cannot  easily  be  differentiated  from 
strangulation.  We  have  a  tense  sac,  filled  with  fluid,  occupying  exactly 
the  position  of  a  strangulated  hernia,  and  in  many  cases  it  appears  to 
enter  the  canal,  and  whether  or  not  it  connects  with  the  abdominal 
cavity  is  by  no  means  easy  to  establish.  How,  then,  are  we  to  make  the 
diagnosis?  By  a  careful  examination  of  the  general  condition  of  the 
patient.  (1)  Temperature,  which  will  be  found  normal;  (2)  absence  of 
shock;  (3)  absence  of  any  symptoms  of  strangulation,  e.  g.j  nausea  and 
vomiting;  (4)  absence  of  constipation;  careful  questioning  w4ll  disclose 
the  fact  that  the  bowels  have  remained  regular.  With  such  a  history 
we  can  absolutely  rule  out  strangulated  hernia  and  make  a  diagnosis  of 
hydrocele  of  the  cord.  I  have  seen  many  such  cases  treated  by  taxis 
for  hours,  sometimes  with,  sometimes  without,  an  anesthetic,  the  diagno- 
sis of  strangulated  hernia  having  been  made  solely  on  the  physical  signs 
of  the  tumor  and  the  statement  of  the  nurse  or  mother  that  the  swelling 
had  appeared  suddenly. 

Hydrocele  in  infants  and  young  children  is  a  perfectly  harmless  condi- 
tion which  does  not  require  operation  and  usually  disappears  sponta- 
neously or  after  the  external  application  of  tincture  of  iodin  and  bella- 
donna for  a  few  weeks. 

The  differentiation  between  obstructed,  inflamed,  and  strangulated 
hernia  may  be  made  by  the  following  signs : 

Obstructed  Hernia.  Inflamed  Hernia. 

Impulse  preserved.  Impulse  preserved. 

Pam  moderate.  Pain  moderate  and  local. 

Tension  and  tenderness        Tender  but  not  tense. 

Vomiting  not  pronounced 

Constipation  not  persis- 
tent. 


absent  or  trifling. 
Vomiting  absent  or  not 

repeated. 
Constipation  relieved  by 

enemata. 


Strangulated  Hernia. 
Loss  of  impulse. 
Pain  severe. 

Tension  and  tenderness. 
Vomiting. 
Constipation. 
Shock,  more  or  less  pro- 
nounced. 
Pulse  rapid  and  feeble. 
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Strangulated  Omental  Hernia. — If  a  portion  of  the  omentum  be 
forced  into  the  sac  imder  conditions  similar  to  those  described  in  strangu- 
lation of  a  loop  of  intestine,  this  will  produce  the  same  changes  as  those 
just  described,  i.  e.,  interference  with  the  venous  circulation;  later  with 
the  arterial  circulation;  serous  exudate  of  the  sac,  and  finally  gangrene. 
The  symptoms  closely  resemble  those  found  in  strangulation  of  the  intes- 
tine, though  they  are  nearly  always  somewhat  less  severe.  There  is 
usually  nausea  and  vomiting,  local  pain,  but  less  colicky  in  character  than 
in  intestinal  strangulation.  The  shock  is  much  less,  and  while  constipa- 
tion may  be  present,  it  is  seldom  complete.  The  tumor  is  tender  on  pres- 
sure, quite  dull  on  percussion,  and  in  most  cases  the  lobulated  surface  of 
the  omentum  can  be  made  out  by  careful  palpation. 

Partial  Enterocele. — This  variety  of  hernia  was  first  described  by  Fabricius 
Hildanus*®  in  1598,  but  received  little  attention  until  1700,  when  Littr^"  published 
his  well-known  monograph  on  "Observation  sur  une  nouvelle  esp^ce  de  Hemie." 
Treves,  in  1887,  reported  four  cases  with  one  recovery.  Fowler,"  in  1899,  gave  a 
careful  review  of  the  literature.  Neither  of  Littr^'s  original  cases  was  probably 
a  partial  enterocele,  but  rather  due  to  a  diverticulum. 

Partial  enterocele  was  also  carefully  described  by  Richter  in  1778,  who,  however, 
referred  to  small  hernias  between  ensiform  cartilage  and  umbilicus. 

Scarpa,  in  1809,  showed  that  if  two-thirds  of  the  circumference  of  the  bowel  were 
constricted  the  entire  lumen  became  shut  off,* while  if  only  one-third  was  constricted 
the  fluids  could  still  pass. 

Treves,**  in  1887,  collected  sixty-three  cases  of  partial  enterocele,  one-third  of 
which  showed  symptoms  similar  to  those  found  in  strangulated  hernia.  In  two- 
thirds  the  symptoms  were  of  a  less  severe  type.  One-tenth  of  the  cases  showed  a 
movement  of  the  bowel  on  the  first  or  second  day.  The  majority  of  cases  have  been 
observed  in  females,  and  only  in  adults. 

I  have  operated  upon  one  case  of  partial  enterocele  in  a  boy  fifteen  years  of  age. 
In  this  case  about  two-thirds  of  the  lumen  of  the  bowel  was  constricted.  The  symp- 
toms were  practically  the  same  as  those  found  in  strangulated  hernia.  The  patient 
made  a  good  recovery.     There  was  no  previous  history  of  a  hernia. 

Usually  the  conaition  occurs  in  ca.ses  of  old  hernia;  the  tumor  is  always  of  small 
size,  rarely  larger  than  a  hen's  egg.     The  ileum  is  usually  found  in  the  sac. 

The  prognosis  in  these  cases  is  bad,  due  chiefly  to  the  late  diagnosis:  it  is  much 
worse  than  in  ordinary  strangulated  hernia.  Fifty  per  cent,  of  the  cases  reported 
by  Treves  were  not  operated  upon  and  all  died.  The  total  mortality  for  the  entire 
series  was  62.2  per  cent. 

Treatment  of  Strangulated  Hernia. — Strangulated  hernia  improp- 
erly treated  is  attended  with  a  high  mortality;  properly  treated,  with 
comparatively  little  risk.  Hence  the  importance  of  a  correct  under- 
standing of  the  principles  on  which  such  treatment  is  based. 

The  principle  first  in  importance,  which  should  have  a  place  before 
all  others,  is  promptness.  There  are  few  conditions  in  which  delay  is 
attended  with  graver  risks.  The  famous  dictum  of  Stromeyer:  *'If 
called  to  a  case  of  strangulated  hernia  in  the  daytime  the  sim  should 
not  be  allowed  to  set,  if  called  in  the  night  the  sun  should  not  be  allowed 
to  rise,  before  the  strangulation  has  been  relieved,"  still  deserves  a  place 
in  every  text-book.  In  our  opinion,  Stromeyer  even  does  not  go  far 
enough.  The  physician  or  surgeon  who  has  a  case  of  strangulated  her- 
nia should  perform  no  other  duty  before  the  strangulation  has  been 
relieved. 

There  are  only  two  methods  of  treatment  worthy  of  consideration: 
taxis  and  operation. 
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Taxis. — ^By  taxis  is  meant  the  attempt  to  reduce  the  hernia  by  forci- 
ble manipulation.  In  performing  taxis  the  position  of  the  patient  is  of 
some  importance.  The  hips  should  be  elevated,  thighs  and  legs  flexed. 
If  the  hernia  be  on  the  right  side,  the  upper  portion  of  the  neck  of  the 
hernia  should  be  firmly  grasped  with  the  left  hand,  the  fimdus  of  the  her- 
nia with  the  right  hand.  Before  attempting  to  force  the  hernia  back- 
ward into  the  abdomen,  an  effort  should  be  made,  by  traction,  to  draw 
out  a  little  more  of  the  bowel.  After  this  has  been  done  reduction  may  be 
attempted  by  alternate  pressure  over  the  neck  and  fundus  of  the  sac. 
Various  authorities  give  different  limits  of  time  during  which  it  is  safe  to 
persist  in  taxis.  These  limits  vary  widely,  between  a  few  minutes  and  two 
hours.  I  do  not  think  it  wise  to  continue  taxis  more  than  five  minutes. 
There  are  certain  cases  of  strangulation  in  which  it  is  absolutely  dangerous 
to  use  taxis  for  any  period  of  time.  Such  cases  are  (1)  those  in  which  the 
sjnnptoms  of  strangulation  have  been  exceedingly  severe  from  the  start, 
showing  that  the  constriction  is  very  firm,  and,  hence,  there  is  reason  to 
fear  early  gangrene.  Here  taxis  is  contraindicated  for  the  reason  that 
even  moderate  manipulation  may  cause  perforation,  followed  by  the 
escape  of  some  of  the  infected  fluid  into  the  abdominal  cavity  and  resulting 
in  fatal  peritonitis.  If  one  is  sure  that  the  omentum  alone  is  contained 
in  the  sac,  taxis  may  be  continued  for  a  little  longer  than  with  an  entero- 
cele.  Aspiration  of  the  fluid  contents  of  the  sac,  which  is  highly  recom- 
mended by  some,  must  be  looked  upon  as  a  measure  of  doubtful  value 
and  not  free  from  risk.  (2)  Cases  in  which  strangulation  has  occurred  in 
previously  irreducible  hernia,  e.  g.,  in  voluminous  umbilical  and  scrotal 
hernias;  and  (3)  in  cases  in  which  twenty-four  hours  have  elapsed  after 
strangulation.  If  the  first  efforts  at  taxis  carried  out  in  the  way  and  at 
the  time  indicated  prove  unsuccessful,  there  are  certain  measures  which 
may  be  looked  upon  as  adjuvants  or  aids  to  taxis  worthy  of  mention. 
Among  these  are:  (1)  Hot  and  cold  applications.  In  the  very  young 
and  the  very  old  it  is  wiser  to  use  hot  applications  in  the  way  of  hot 
towels,  as  hot  as  can  be  well  borne  and  changed  every  two  or  three  min- 
utes; while  in  the  strong  and  vigorous  and  middle-aged  applications  of 
ice  may  give  better  results  than  heat.  After  these  applications  have 
been  used  for  half  an  hour,  another  attempt  at  taxis  of  verv  short  duration 
may  be  made.  If  this  again  fails,  preparation  should  be  made  for  imme- 
diate operation.  In  a  certain  number  of  cases  it  may  be  possible  to  reduce 
the  hernia  imder  anesthesia,  although  taxis  had  failed  before;  but  an  anes- 
thetic should  never  be  given  until  all  the  preparations  have  been  made  for 
immediate  operation,  should  taxis  imder  anesthesia  fail.  In  practically 
all  cases  I  believe  it  wiser  to  perform  a  radical  operation  after  the  hernia 
has  been  reduced,  the  only  exception  to  this  rule  being  in  the  case  of  gan- 
grenous hernia  in  which  the  condition  of  the  patient  does  not  warrant 
the  brief  delay  necessary  for  carrying  out  the  steps  for  radical  operation. 

If  a  hernia  has  been  successfully  and  completely  reduced  by  taxis, 
there  is  almost  immediate  cessation  of  the  symptoms.  The  bowels  move 
spontaneously  within  the  first  twenty-four  hours,  or  may  be  moved  by 
an  enema.     It  is  unwise  to  use  laxatives  very  soon  after  reduction.    The 
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patient  should  be  kept  in  bed  until  all  symptoms  have  disappeared  and 
until  the  bowels  have  begun  to  move  satisfactorily.  To  prevent  a  reap- 
pearance of  the  hemia,  a  pad  should  be  placed  over  the  opening  and  held 
by  a  firm  spica  bandage. 

Dangers  of  Taxis. — ^The  dangers  of  taxis  may  be  summarized  as  rup- 
ture of  the  bowel  or  sac ;  severe  contusions,  with  hemorrhage  of  the  wall 
of  the  bowel;  reduction  en  bloc  or  reduction  into  an  internal  portion  of 
a  bilocular  sac. 

Reduction  of  the  Hernia  en  bloc. — In  the  latter  case,  while  the  hernial 
tumor  disappears,  there  is  persistence  of  the  symptoms  after  reduction. 
As  we  have  stated  under  '*  Pro-peritoneal  Hernia/'  such  cases  are  usually 
cases  of  bilocular,  interparietal  hernia,  in  which  the  hernia  has  been 
reduced  into  the  inner  sac  instead  of  representing  a  true  reduction  en 
masse.     In  these  cases  inunediate  operation  should  be  performed. 

Operative  Treatment. — The  operation  for  strangulated  hemia, 
usually  known  as  kelotomy  or  herniotomy,  consists  in  an  incision  over  the 
inguinal  canal  and  relieving  the  constriction,  whether  it  be  the  external 
ring,  or  the  neck  of  the  sac,  by  cutting  from  within  outward  or  vice  versa. 
If  operation  is  performed  under  modem  aseptic  conditions  and  within 
the  first  twelve  hours,  it  is  attended  with  very  slight  mortality,  probably 
not  over  3  to  5  per  cent.  It  is  much  less  dangerous  than  taxis  injudi- 
ciously applied.  If  there  are  any  contraindications  to  general  anesthesia, 
it  may  be  easily  performed  under  local  anesthesia. 

Methods  of  Operation. — For  inguinal  hemia  an  incision  3  or  more 
inches  long  should  be  made,  beginning  a  little  below  the  anterior  superior 
spine  and  ending  over  the  extemal  ring.  The  older  method  of  making 
an  incision  low  down  over  the  upper  part  of  the  scrotal  tumor  is  not  to 
be  recommended.  After  clearly  exposing  the  aponeurosis  of  the  extemal 
oblique,  particularly  the  region  of  the  extemal  ring,  precisely  as  in 
the  Bassini  operation  for  radical  cure,  the  external  ring  is  opened 
on  a  grooved  director;  in  some  cases,  especially  where  there  has  been 
extensive  fibrinous  exudate,  the  wall  of  the  sac  and  the  fibers  of  the  ex- 
temal ring  may  be  so  closely  agglutinated  that  it  is  difficult  to  insert  a 
director  without  mnning  the  risk  of  injuring  the  bowel  beneath.  In 
such  cases  the  fibers  of  the  extemal  oblique  can  be  lifted  up  with  two 
pairs  of  forceps' without  teeth  and  divided  from  without  inward.  The 
line  of  cleavage  of  the  aponeurosis  will  quickly  become  apparent  and  the 
director  can  now  be  inserted  and  the  aponeurosis  slit  up  for  a  distance 
of  2  to  3  inches.  In  the  great  majority  of  cases  dividing  the  extemal 
ring  will  sufficiently  relieve  the  constriction  to  enable  one  to  easily  reduce 
the  contents  of  the  sac.  This,  however,  should  never  be  done  until  the 
sac  has  been  opened,  for  the  reason  that  the  bowel  should  never  be  re- 
turned into  the  abdomen  until  it  has  been  carefully  examined  in  order  to 
determine  its  viabiUty.  After  opening  the  sac  and  emptying  it  of  its 
fluid  contents,  the  bowel,  if  its  condition  warrants,  is  returned  into  the 
abdominal  cavity.  Unless  the  condition  of  the  patient  is  extremely 
precarious,  the  sac  should  be  quickly  removed  and  the  hernial  opening 
closed  by  the  usual  method  of  radical  cure^  J  practically  never .  employ. 
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drainage  except  in  cases  in  which  there  is  marked  thickening  and  inflam- 
mation of  the  sac  and  the  surrounding  tissues.  In  such  instances  it  may 
be  wise  to  insert  a  temporary  drain  down  to  the  peritoneum.  In  cases 
in  which  there  is  doubt  about  the  vitaUty  of  the  bowel,  towels  wet  in  hot 
saline  solution  should  be  appUed  for  a  period  of  ten  to  fifteen  minutes. 
If  at  the  end  of  this  time  the  purpUsh  color  has  turned  to  bright  red  with 
the  glossy  appearance  of  the  intestine  still  retained,  it  vnH  be  safe  to  re- 
place the  bowel  into  the  abdominal  cavity. 

Strangulated  Hernia  in  Infants. — Estor'^  collected  225  cases  of  strangulated 
hernia  in  children  under  the  age  of  two  years.  The  condition  is  a  relatively  rare 
one.  Estor.  after  a  search  of  the  records  of  the  children's  hospitals  connected  with 
nine  of  the  largest  clinics  of  Europe,  found  not  a  single  operation  for  strangulated 
hernia.  Broca,  of  Paris,  however,  operated  upon  9  cases  in  a  total  of  950  operations 
upon  children. 

At  the  Hospital  for  Ruptured  and  Crippled  we  have  operated  upon  17  cases 
in  children,  of  which  12  were  under  the  age  of  two  years. 

Estor  estimates  the  relative  frequency  of  strangulation  in  children  and  adults 
as  1  to  62;  Frickhoffer,  as  1  to  107.  Estor's  collected  cases  (225)  showed  205  in- 
guinal (male),  14  umbilical,  2  femoral;  120,  or  over  one-half  of  the  total  number, 
occurring  within  the  first  six  months  of  life.  Of  the  14  umbilical,  9  occurred  within 
the  first  week.  In  10  cases  no  hernia  had  been  noticed  up  to  the  time  of  strangula- 
tion. 

Estor,  with  most  other  writers,  believes  the  neck  of  the  sac  to  be  the  cause  of  the 
strangulation  in  the  majority  of  cases,  but  furnishes  no  proof. 

At  the  Hospital  for  Ruptured  and  Crippled  a  careful  study  was  made  in  every 
case  of  the  cause  of  strangulation,  and  in  but  a  single  case  was  it  found  due  to  the 
neck  of  the  sac;  in  all  other  cases  it  was  caused  by  tlie  tight  external  ring. 

According  to  Estor's  observation  the  cecum  and  appendix  were  found  relatively 
more  often  to  form  the  contents  of  the  s^c  in  strangulated  hernia  in  children  than  in 
adults.    The  appendix  or  cecum  and  appendix  were  found  in  the  sac  in  17  of  the  225 


The  mortality  in  children  I  believe  to  be  considerably  smaller  than  in  adults, 
although  the  mortalit]^  of  Estor's  series  was  23  per  cent.,  which  is  practically  the 
same  as  the  mortality  in  adults.  At  the  Hospital  for  Ruptured  and  Crippled  there 
has  been  no  mortality  in  the  seventeen  cases  operated  upon. 

Prognosis. — This  depends  upon  the  duration  of  the  strangulation, 
the  tightness  of  the  constriction,  and  the  general  resisting  power  of  the 
patient.  As  a  rule,  the  mortality  increases  in  direct  ratio  with  the  time 
of  strangulation.  The  younger  the  subject  and  the  smaller  the  volume 
of  the  hernia,  the  better  the  prognosis.  The  prognosis  is  most  unfavor- 
able in  the  voluminous  scrotal  and  the  large  umbilical  hernias,  for  the 
reason  that  in  these  cases  there  is  nearly  always  present  a  large  mass  of 
irreducible  omentum  with  extensive  adhesions.  In  such  cases  it  may 
sometimes  be  wiser  simply  to  relieve  the  constriction,  and  reduce  the 
sac  and  intestine  together  into  the  abdominal  cavity,  without  attempting 
to  separate  the  numerous  and  firm  adhesions.  This  plan  should  only 
be  adopted  in  very  rare  cases  and  in  patients  whose  general  condition 
does  not  warrant  prolonged  operation. 

Complications. — Complications  in  strangulated  hernia  are  nearly 
always  the  result  of  injudicious  taxis.  Too  forcible  or  too  prolonged 
taxis  may  result  in  hemorrhages  into  the  bowel  wall,  or  in  cases  in  which 
the  vitality  of  the  bowel  has  been  impaired,  it  may  result  in  perforation, 
practicaUy  always  followed  by  either  local  or  general  peritonitis.  In  some 
cases  in  which  taxis  has  been  apparently  successful,  symptoms  of  intestinal 
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obstruction  may  develop  after  a  few  days,  resulting  from  the  adhesions 
between  the  strangulated  loop  and  some  neighboring  coil  of  intestine. 
These  symptoms  may  increase  in  severity,  requiring  a  second  operation. 
Intestinal  obstruction  from  adhesions  is  much  more  Ukely,  however,  to 
follow  operative  treatment  than  taxis,  in  cases  in  which  a  portion  of  the 
intestine  was  reduced  which  it  would  have  been  wiser  to  remove  by  resec- 
tion. 

Paralysis  of  the  intestine  sometimes  follows  reduction  either  by  opera- 
tion or  taxis.  This  paralysis  is  due  to  the  long  constriction  of  the  bowel. 
The  condition  is  not  serious,  and  seldom  requires  surgical  treatment. 
After  a  short  period  the  paralysis  disappears  and  the  intestine  begins 
to  perform  its  normal  function.  Symptoms  of  intestinal  obstruction, 
however,  are  most  serious,  and  should  be  treated  by  abdominal  section. 

One  of  the  serious  risks  from  operation  for  strangulated  hernia  is 
inhalation  pneumonia,  occurring  as  a  result  of  some  of  the  fecal  contents 
of  the  stomach  having  been  drawn  into  the  larynx  by  inspiration  during 
the  anesthesia.  This  risk  can  nearly  always  be  avoided  by  washing  out 
the  stomach  before  operation  for  strangulated  hernia. 

Mortality  Following  Operative  Treatment. — The  mortaUty  follow- 
ing operation  for  strangulated  hernia  varies  from  10  per  cent,  in  the  cases 
operated  upon  within  the  first  twenty-four  hours  after  strangulation, 
to  50  per  cent,  in  those  cases  in  which  the  strangulation  has  existed  for 
a  period  of  seventy-two  hours.  The  mortaUty  is  lowest  in  children  and 
highest  in  elderly  people.  At  the  Hospital  for  Ruptured  and  Crippled 
we  have  had  seventeen  operations  for  strangulated  hernia  in  children, 
with  no  mortaUty.  The  death-rate  is  higher  in  femoral  than  in  inguinal 
hernia,  and  highest  of  all  in  umbilical  hernia.  Most  of  the  statistics  show 
a  mortality  of  upward  of  50  per  cent,  in  strangulated  umbiUcal  hernia. 

The  mortaUty  in  gangrenous  hernia  should  receive  separate  considera- 
tion, as  the  condition  is  a  much  more  serious  one. 

Treatment  of  Gangrenous  Hernia. — If  the  int^tine  has  lost  its 
glossy  appearance  and  the  surface  has  become  duU  and  granular,  its 
color  black  or  grayish,  and  it  is  soft  and  flabby  instead  of  firm  and  elastic 
in  character,  the  probabiUties  are  that  it  is  no  longer  viable.  In  aU 
cases  of  doubt  it  is  weU  to  apply  compresses  wrung  out  of  hot  saline  for 
ten  to  fifteen  minutes.  If  at  the  end  of  this  time  there  are  no  signs  of  a 
return  of  circulation,  there  is  no  need  of  further  delay.  The  pulsation 
of  the  vessels  of  the  mesentery  and  bowel  is,  in  the  opinion  of  Kocher, 
one  of  the  most  valuable  signs  of  viability.  If  the  loop  is  clearly  gan- 
grenous when  first  exposed,  no  time  should  be  lost  by  applying  compresses, 
but  operation  should  be  performed  at  once.  There  are  a  certain  number 
of  borderland  cases,  however,  which  may  puzzle  the  most  experienced 
surgeon,  and  such  cases  require  the  exercise  of  the  greatest  judgment. 
In  these  dubious  cases  the  loop  of  bowel  may  be  allowed  to  remain  in 
situ  for  twelve  to  twenty-four  hours,  carefully  protected  with  sterile 
gauze.  If  at  the  end  of  this  time  it  has  sufficiently  recovered  its  circula- 
tion, it  may  be  replaced  in  the  abdominal  cavity;  if  not,  prompt  resection 
should  then  be  performed. 
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I  shall  now  consider  the  cases  in  which  the  loop  of  bowel  is  abso- 
lutely gangrenous.  There  are  two  methods  of  procedure  that  have  long 
been  employed  in  these  cases:  namely,  the  formation  of  an  artificial 
anus,  and  immediate  primary  resection  of  the  gangrenous  loop.  Both 
methods  have  had  strong  advocates,  and  even  at  the  present  time  there 
is  by  no  means  unanimity  of  opinion  as  to  which  is  the  better  method. 
It  is  difficult  to  prove  the  superiority  of  either  procedure  by  statistics. 
Practically  all  statistics  show  a  much  higher  mortaUty  in  the  cases  treated 
by  the  establishment  of  an  artificial  anus.  Yet  it  has  long  been  the  cus- 
tom to  reserve  only  the  more  desperate  cases  for  this  method  of  treatment 
and,  hence,  a  comparison  of  actual  results  is  by  no  means  fair.  In  spite 
of  this  fact,  more  recent  statistics,  based  upon  a  large  number  of  cases 
operated  upon  by  the  same  surgeon  or  at  the  same  cUnic,  presumably 
under  the  same  general  technic,  show,  in  our  opinion,  that  primary 
resection  should  be  the  method  of  choice  in  the  great  majority  of  cases. 
The  choice  of  method,  however,  cannot  be  decided  solely  by  st-atistics, 
as  there  are  a  number  of  important  factors  which  must  be  considered, 
e,  g.,  the  general  condition  of  the  patient,  the  sui^gical  skill  and  experience 
of  the  operator,  together  with  the  facilities  for  performing  such  a  serious 
operation  as  intestinal  resection.  Given  a  patient  in  fairly  good  general 
condition  and  a  surgeon  with  some  experience  in  abdominal  operations, 
the  choice  should  be  unhesitatingly  in  favor  of  primary  resection.  On 
the  other  hand,  with  a  patient  much  prostrated,  with  a  large  portion  of 
intestine  gangrenous,  necessitating  very  extensive  resection,  in  spite  of 
the  high  mortality  attending  the  operation  of  establishing  an  artificial 
anus  I  beUeve  the  chances  of  recovery  of  such  patient  would  be  better 
than  if  immediate  resection  were  performed.  Of  course,  when  forming 
an  artificial  anus  one  has  to  consider  the  fact  that  although  the  patient 
recovers  from  the  immediate  operation,  he  is  left  in  a  condition  which 
will  in  most  cases  require  a  second  operation,  which  is  likewise  attended 
with  considerable  risk.  While  in  some  cases  an  artificial  anus  may  close 
spontaneously,  in  most  instances  a  secondary  operation  is  required.  If 
the  artificial  anus  is  high  up  in  the  small  intestine  the  nutrition  of  the 
patient  will  be  so  seriously  affected  that  a  secondary  operation  cannot 
be  long  delayed. 

The  spur  that  is  usually  formed  in  cjises  of  artificial  anus  may,  in 
some  cases,  be  removed  or  gotten  rid  of  by  some  form  of  clamp.  In 
view  of  the  difficulties  and  dangers  of  such  methods,  resection  is  preferable. 

If  an  artificial  anus  is  decided  on,  it  should  be  performed  as  follows: 
After  the  constriction  has  been  thoroughly  freed,  the  bowel  is  drawn  out 
until  well  beyond  the  line  of  constriction.  It  is  then  fastened  in  place 
to  the  parietal  peritoneum  beyond  the  neck  of  the  sac,  as  high  up  as 
possible,  by  interrupted  Lembert  sutures  of  fine  silk  or  catgut.  After 
the  wound  has  been  carefully  packed  with  sterile  gauze,  protecting  as 
far  as  possible  the  peritoneal  cavity,  the  bowel  is  opened  and  a  tube  is 
inserted  into  the  afferent  end  and  the  gas  and  fecal  matter  removed  as 
far  as  possible  by  saline  irrigation.  The  loop  of  bowel  should  then  be 
covered  with  a  large  amount  of  moist  sterile  gauze.    While  it  is  impossible 


52 


HERNIA. 


to  keep  the  wound  aseptic,  one  should  aim  to  keep  the  parts  as  clean  as 
possible  by  frequent  change  of  dressing.  The  patients  usually  die  of 
exhaustion  or  peritonitis  within  a  few  days.  The  skin  about  the  wound 
should  be  carefully  covered  with  vaselin  or  boric  acid  ointment  in  order 
to  prevent  the  development  of  eczema,  which  is  very  prone  to  occur 
under  such  conditions. 

In  the  cases  which  recover  without  a  secondary  operation  the  gan- 
grenous loop  sloughs  ofiF,  the  artificial  anus,  through  which  at  first  the 
entire  contents  of  the  bowel  are  discharged,  gradually  contracts,  until 
it  becomes  a  fecal  fistula  through  which  only  a  small  portion  of  the  feces 
passes,  until  finally  this  fistula  itself  closes. 

Such  are  the  exceptional  cases.  In  the  majority  of  cases  a  secondary 
operation  must  be  performed,  consisting  of  resection  of  the  damaged 
portion  of  the  gut,  with  end-to-end  anastomosis. 

Primary  Resection, — The  weight  of  opinion  is  at  present  in  favor  of 
primary  resection,  with  the  important  exceptions  which  have  already  been 
noted,  and  in  this  opinion  I  fully  concur. 

Method  of  Operation. — ^^lost  surgeons  prefer  the  suture  operation, 
but  a  number  believe,  with  Czemy  and  Petersen,  that  the  best  results 
are  obtained  by  the  use  of  the  Murphy  button.  Petersen  employed  this 
method  at  the  Heidelberg  Clinic,  and  in  twelve  cases  in  which  he  used 
the  button  there  was  only  one  death,  or  a  mortality  of  8  per  cent.  No 
such  results  have  been  obtained  by  any  other  method. 

The  collective  statistics  of  the  following  authors  as  given  by  Hesse," 
show  the  respective  mortality  of  resection  and  artificial  anus  in  cases  of 
gangrenous  hernia: 


y.  Mikulicz 1891 

Zeidler 1892 


Artificial  Axus. 
Cases.      Died. 


Per- 


94 

287 


72 
213 

Butz 1892'    204    i    104 

Akerman 1899|      70    ,      55 

Hofmeister 19001    167        101 

Hesse 1907     604    I    431 


centage. 


76.6 
74.2 
50.9 
78.6 
60.5 
71.3 


Resection. 


Cases. 

68 
289 
219 
112 
214 
860 


Died. 


32 

142 

101 

45 

99 

382 


Per 
oentage. 


47.1 
49.1 
46.1 
40.1 
46.3 
44.3 


Lessing's  statistics,"  covering  156  operations  for  incarcerated  hernia, 
performed  at  Koenig's  Clinic  (Berlin)  from  March,  1896,  to  March,  1903, 
with  a  mortality  of  17.3  per  cent.,  show  35  cases  of  gangrenous  hernia 
with  13  deaths,  or  a  mortality  of  37.1  per  cent. 

As  regards  the  treatment  of  the  gangrenous  cases,  it  is  stated  that 
radical  closure  of  the  hernial  opening  could  be  performed  in  one-third  of 
the  cases;  resection  was  done  in  9,  and  in  9  others  an  artificial  anus  was 
established. 

Torsion  of  the  Omentum. — ^This  condition  is  comparatively  rare. 
Pretsch"  was  able  to  collect  but  15  cases  in  addition  to  the  29  which  fdrm 
the  basis  of  Roche's  Paris  thesis."    Forty-t?wo  of  these  44  cases  were 
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complicated  with  hernia,  41  inguinal  and  1  femoral.  All  the  cases  occurred 
in  adults  between  seventeen  and  seventy-nine  years;  66  per  cent,  were 
between  thirty  and  fifty  years  of  age. 

Seventy-four  per  cent,  of  the  cases  were  observed  in  men,  24  per  cent, 
in  women. 

The  diagnosis  is  not  often  possible,  as  the  clinical  picture  closely 
resembles  incarceration  of  the  omentum,  volvulus,  or  torsion  of  other 
abdominal  organs;  intussusception  and  new-growths  must  also  be  con- 
sidered in  making  the  differential  diagnosis.  In  none  of  the  published 
cases  was  the  diagnosis  made  before  operation,  although  Pretsch  believes 
the  following  points  should  be  of  diagnostic  value:  (1)  Determination 
of  a  cause  of  the  trouble,  from  the  history;  (2)  the  presence  of  a  hernia, 
possibly  irreducible;  (3)  the  rapid  development  of  a  large,  hard,  freely 
movable  tumor  with  numerous  tuberosities;  (4)  the  finding  of  a  cord- 
like connection  between  a  hernial  and  abdominal  tumor. 

The  prognosis  depends  upon  early  operation.  Six  deaths,  or  14  per 
cent.,  were  noted  in  the  series  thus  far  reported.  One  of  the  cases  died 
before  operation;  in  another  operation  was  performed  too  late,  and  in 
two  others  death  was  evidently  due  to  other  diseases  complicating  the 
condition. 

Riedel"  in  the  same  year  published  6  further  personal  observations, 
and  Adler**  was  able  to  collect  from  the  literature  52  cases  of  torsion  of 
the  omentum,  to  which  number  he  adds  one  personal  case,  which  he 
describes  at  some  length. 

Torsion  of  the  Cord. — ^This  is  a  very  rare  condition,  but  inasmuch 
as  it  is  nearly  always  associated  with  hernia,  should  be  mentioned  in  this 
connection.  Sasse**  has  made  a  careful  study  of  this  subject  and  has 
published  a  case  which,  he  states,  is  the  nineteenth  on  record.  According 
to  Comer,***  the  following  clinical  picture  obtains  in  the  majority  of  cases: 
A  swelling  occupying  the  inguinal  region,  recurring  attacks  of  pain,  ab- 
sence of  impulse  on  coughing.  This  picture,  while  it  resembles  that  of 
strangulated  hernia,  may  be  differentiated  from  same  by  the  fact  that 
the  swelling  is  more  irregular,  more  tender,  and  harder,  while  the  general 
symptoms  of  strangulation  are  absent. 

The  diagnosis  is  seldom  made  before  operation,  nearly  all  the  cases 
having  been  mistaken  for  incarcerated  hernia.  The  symptoms  during  the 
first  few  days  closely  simulate  those  of  incarcerated  hernia.  If  torsion  has 
existed  for  twenty-two  hours,  according  to  Enderlen,  the  interruption 
of  circulation  is  sufficient  to  produce  atrophy  of  the  testicle.  In  nearly 
all  the  reported  cases  the  testicle  was  removed.  This  is  believed  to  be 
the  safest  procedure.  I  have  personally  seen  one  case,  and  in  this  the 
diagnosis  was  made  from  the  clinical  history  and  careful  physical  exami- 
nation. 

Tuberculous  Hernia. — Tuberculosis  of  the  hernial  sac  may  be  found  either  as  a 
primary  condition,  or  as  secondary  to  tuberculosis  in  other  portions  of  the  perito- 
neum. Tenderich''  collected  19  cases  of  tuberculosis  of  the  hernial  sac,  reported 
in  the  literature,  to  which  he  added  three  further  cases  observed  at  Helferich's 
Clinic,  giving  a  total  of  22  cases.  Two  of  Helferich's  cases  occurred  in  children,  one 
three,  the  other  eight  years  of  age.     Unfortunately,  the  results  of  the  cases  thus 
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far  operated  upon  have  not  been  traced.  One  of  Helferich's  cases  remained  well 
for  two  years,  then  contracted  influenza  which  resulted  in  pulmonary  tuberculosis, 
causing  death  six  months  later.     The  other  two  cases  were  traced  only  seven  months. 

Personally  I  have  observed  three  cases  of  tuberculosis  of  the  hernial  sac;  one. 
a  femoral  hernia  occurring  in  an  adult  female.  The  patient  was  not  traced  beyond 
six  months.  The  other  two  cases  occurred  in  children  at  the  Hospital  for  Ruptured 
and  Crippled,  one  was  operated  upon  by  myself,  the  other  by  Bull.  The  ages  of 
these  cases  were  twenty-eight,  eight,  and  six  years,  respectively.  In  all  of  these 
cases  the  condition  was  very  similar;  the  sac  was  considerably  thickened  and 
studded  with  small  tubercles  which  microscopically  proved  to  be  tubercle  bacilli. 

Tenderich's  collection  of  22  cases  shows  14  inguinal  hernias,  4  femoral,  and  in 
4  the  type  is  not  stated. 


Special  HERNIAS. 

INGUINAL  HERNIA. 

This  term  refers  to  all  hernias  having  an  outlet  through  the  inguinal 
canal.  These  hernias  are  subdivided  into:  (1)  Direct  or  internal  inguinal 
hernia.     (2)  Indirect  or  oblique  inguinal  hernia. 

Oblique  inguinal  hernia  may  be  either  congenital  or  acquired,  while 
direct  hernia  is  probably  in  most  eases  acquired.  The  distinction  be- 
tween congenital  and  ac- 
quired hernia  has  already 
been  sufficiently  dealt 
with  under  General  Re- 
marks (p.  18). 

Oblique  Inguinal 
Hernia.  — This  is  the 
most  common  of  all  var- 
ieties of  hernia,  93  per 
cent,  of  all  inguinal  her- 
nias being  oblique. 

Anatomic  Rela- 
tions.— In  oblique  in- 
guinal hernia  the  sac 
emerges  from  the  abdo- 
men through  the  internal 
ring  above  and  a  little 
outside  of  the  deep  epi- 
gastric artery;  it  then 
passes  downward  in  an 
oblique  direction,  par- 
allel with  Poupart's  ligar 
ment,  crossing  almost  at  right  angles  the  deep  epigastric  vessels,  finally 
emerging  at  the  external  ring.  In  the  early  stages  of  oblique  inguinal 
hernia,  before  the  protrusion  has  passed  beyond  the  external  ring,  the 
hernia  is  known  as  an  incomplete  hernia  or  bubonocele.  A  hernia  which 
has  passed  beyond  the  external  ring  and  entered  the  scrotum  is  known 
as  a  complete  or  scrotal  hernia  in  the  male;  in  the  female  a  hernia  which 
has  passed  beyond  the  external  ring  and  entered  the  labia  major  is  known 


Fig.  22. — Oblique  Inguinal  Hernia.    Complete. 
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Fio.  23. — Left  Inguinal  Hernia. 


as  a  complete  or  labial  hernia.    There  is  a  much  greater  tendency  for  an 
oblique  hernia  in  the  male  to  become  scrotal  than  for  one  in  the  female 
to  become  labial.     In  the  female  oblique  inguinal  hernia  has  a  greater 
tendency    to     enlarge 
directly     outward     in 
globular  form,  resem- 
bling    direct     hernia, 
than   it   has  to  enter 
the  labia. 

In  the  normal  ingui- 
nal canal  the  external 
ring  barely  admits  the 
tip  of  the  index-finger 
and  one  cannot  pal- 
pate the  internal  ring. 
In  a  large  hernia  of 
long  duration  the  in- 
guinal canal  may  be- 
come not  only  dilated, 
but  so  shortened  as 
to  almost  entirely  lose 
its  original  obliquity. 
Hence,  in  such  cases  it 
may  be  difficult  to  differentiate  a  direct  from  an  indirect  hernia,  except 
at  operation. 

The  anatomy  of  oblique  mguinal  hernia  may  be  briefly  described  as 

follows:  At  the  internal 
ring,  situated  about  half-way 
between  the  anterior  superior 
spine  and  the  symphysis  pu- 
bis, about  half  an  inch  in- 
ternal to  Poupart's  ligament 
emerges  the  hernial  sac.  It 
passes  downward  and  inward 
to  beyond  the  external  ring. 
This  sac  rests  upon  a  floor 
formed  by  the  transversalis 
fascia  and  the  peritoneum, 
between  which  layers  lie  the 
deep  epigastric  vessels.  The 
roof  of  the  canal  is  made  up 
of  the  internal  and  external 
oblique  muscles,  the  aponeu- 
rosis of  the  external  oblique, 
the  cremaster  muscle,  super- 
ficial fascia,  subcutaneous  tis- 
sue, and  skin.  The  external  ring  is  formed  by  the  arched  fibers  of  the 
aponeurosis  of  the  external  oblique,  and  varies  in  size  according  to  the 
size  of  the  hernia  itself. 


Fig.  24. — Double  Inguinal  Hernia.     Inoperable. 
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Fio.  26.— Labial  Hernia. 


Relation  of  the  Sac 
to  the  Cord.— As  the  sac 

passes  in  its  do\Miward 
course,  it  always  occupies 
a  certain  definite  relation- 
ship to  the  cord.  In  ob- 
lique inguinal  hernia  it 
lies  directly  in  front  of 
and  in  intimate  contact 
with  the  cord,  the  two 
being  surrounded  by  a 
common  layer  of  thin  fas- 
cia, known  as  the  infundi- 
buliform  fascia.  The  cord 
consists  not  of  a  definite, 
A\  rounded  body,  but  its  ves- 
^  sels  are  spread  out  in  a 
fan-like  manner  over  the 
posterior  surface  of  the 
sac,  sometimes  occupying 
space  of  an  inch  or  more. 
In  direct   hernia,  on 

the  other  hand,  this  intimate  relationship  between  cord  and  sac  does  not 

exist,  the  cord  is  this  variety  of  hernia  being  quite  independent  of  the  sac. 

The   shape  of   an  oblique  in- 
guinal hernia  depends  entirely 

upon  whether  it  is  complete  or 

incomplete.     In  a  bubonocele 

the   tumor  over  the  inguinal 

canal     is    usually   elliptic    in 

shape  and  is  seldom  very  pro- 
nounced except  on  standing  or 

coughing. 

A  scrotal  hernia  may  assume 

a  great  variety  of  shapes.     In  a 

hernia  of  small  size  it  is  usually 

cylindrical :    in    a  very  large 

hernia  it  may  be  pear-shaped, 

the  lower  end  being  the  larger. 

In  very  large  hernias  the  penis 

may  be  entirely  obliterated. 
Inguinal  Hernia    in    the 

Female. — Inguinal    hernia    in 

the  female  forms  60  per  cent. 

of  all  ruptures  in  women  and 

exceeds  the  total  number  of 

femoral  hernias  in  both  sexes. 

The    diagnosis   is    seldom    diffi-  pio.  26.-Labial  Hernia. 
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cult.  While  in  a  very  small  number  of  cases  the  hernial  tumor  extends  into 
the  labium,  it  is  usually  found  in  the  inguinal  canal  or  just  outside  of  the 
external  ring.  The 
tumor  disappears 
on  lying  down,  ex- 
cept in  a  compara- 
tively few  cases  in 
which  the  contents 
are  irreducible.  A 
truss  seldom  effects 
a  cure,  even  in  chil- 
dren, and,  inasmuch 
as  the  results  of 
operation  are  more 
nearly  perfect  in 
this  than  in  any 
other  variety  of 
hernia,  operation 
should  be  advised 
in  practically  all 
cases,  except  in  in- 
fants and  the  very 
old. 

Methods  of  Op- 
eration, —  Surgical 

opinions  differ  widely  as  to  the  best  method  of  operation  for  inguinal 

hernia  in  the  female.  Cham- 
pionniere^  was  the  first  to 
point  out  the  advantages  of 
operation  in  this  variety  of 
hernia.  In  1892  he  reported 
19  cases.  His  method  was 
to  excise  the  round  ligament, 
slit  up  the  aponeurosis  of  the 
external  oblique,  remove  the 
sac  high  up,  and  then  close 
the  wound  by  his  own  over- 
lapping method,  just  as  in 
the  male.  Kelley  advised 
transplanting  the  round  liga- 
ment, as  the  cord  is  trans- 
planted in  Halsted's  opera- 
tion. He  does  not  regard 
the  removal  of  the  sac,  if 
small,  as  of  much  import- 
ance. 
In  view  of  what  has  already  been  said  in  regard  to  the  importance  of 
the  sac,  even  if  of  small  size,  as  an  etiologic  factor  in  hernia,  one  must 


Fig.  27. — Inguinal  Hebnia  in  Female.    Sac  Unopened. 


Fio.  28. — Inguinal  Hernia  in  thk  Female,  Showing 
Sac  Diasected  from  Round  Ligament. 
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consider  its  complete  removal  of  primary  importance  in  any  operation 
for  the  radical  cure  of  hernia.  Afi  to  the  method  of  dealing  with  the  round 
ligament,  there  is  no  doubt  that  it  can  be  removed  with  little  harm  to 
the  patient,  and  possibly  such  removal  might  slightly  increase  the  chances 
of  a  permanent  cure.  On  the  other  hand,  practically  perfect  results  may 
be  obtained  without  sacrificing  the  round  Ugament  or  transplanting  it,  as 
the  results  of  operation  at  the  Hospital  for  Ruptured  and  Crippled  as  well 
as  my  own  fully  prove.  In  the  December,  1900,  "  Annals  of  Surgery"  I 
reported  123  cases  of  inguinal  hernia  in  the  female  operated  upon  during 
the  preceding  decade,  without  a  single  relapse.  At  the  Hospital  for  Rup- 
tured and  Crippled  400  cases  have  been  operated  upon  from  1890  to  1908, 
with  two  relapses,  and  my  own  cases,  350  in  number,  show  only  two 


The  method  employed  has  been  the  same  in  all  cases,  namely,  Bassini's 
operation  for  the  male,  without  the  transplantation  step.  In  brief,  the 
aponeurosis  of  the  external  oblique  is  sUt  up,  just  as  in  the  male,  well 
above  the  internal  ring;  the  sac,  which  always  lies  anteriorly  and  closely 
adherent  to  the  round  ligament,  is  then  carefully  dissect^  off  and  re- 
moved high  up,  flush  with  the  peritoneal  ca\dty.  The  round  ligament 
is  allowed  to  drop  back  into  the  lower  angle  of  the  wound  and  the  wound  is 
closed  in  three  layers,  kangaroo  tendon  being  used  for  the  buried  sutures. 
In  the  first  layer  the  internal  oblique  is  united  with  Poupart^s  Ugament 
by  four  or  five  interrupted  sutures;  the  lowermost  suture  should  include 
the  reflected  portion  of  the  aponeurosis  of  the  external  oblique  as  w^ell  as 
the  conjoined  tendon.  The  next  layer  closes  the  incision  in  the  aponeu- 
rosis by  means  of  a  continuous  suture  of  kangaroo  tendon  of  smaller  size. 
Finally  the  skin  is  closed  with  interrupted  sutures  of  fine  catgut,  without 
drainage. 

One  of  the  most  frequent  sources  of  error  in  the  diagnosis  of  inguinal 
hernia  in  the  female  is  the  presence  of  a  hydrocele  of  the  canal  of  Nvck. 
This  condition  is  often,  however,  associated  with  inguinal  hernia,  and  the 
same  operative  treatment  is  indicated  in  both  conditions.  In  hydrocele 
of  the  canal  of  Nuck  there  is  a  tumor  to  be  found  just  outside  of  the 
external  ring,  which  is  dull  on  percussion,  globular  in  shape,  sjTnmetric 
in  outline,  tense  and  elastic,  irreducible,  and  usually  much  more  tender 
on  pressure  than  a  hernia.  The  history  will  usually  reveal  the  fact  that 
the  swelling  was  at  no  time  reducible. 

The  condition  is  by  no  means  so  rare  as  one  might  suppose  from  the 
Uterature  on  the  subject.  Wechselmann"  found  only  62  reported  cases. 
In  the  "Annals  of  Surgery, '^  in  July,  1892,  I  published  14  cases  observed 
at  the  Hospital  for  Ruptured  and  Crippled,  and  since  1890  160  cases 
have  been  observed  at  this  hospital. 

Direct  Hernia. — Etiology. — While  it  is  possible  that  in  certain 
rare  cases  direct  hernia  may  be  due  to  a  congenital  or  preformed  sac, 
I  do  not  go  so  far  as  Russell  in  believing  this  to  be  the  common  cause. 
In  the  great  majority  of  cases  I  think  direct  hernia  is  due  to  a  defective 
development  of  the  internal  obUque,  or  more  often  to  a  weak  place  in  the 
transversalis  fascia  in  the  neighborhood  of  the  external  ring.    This 
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variety  is  really  a  ventral  hernia  appearing  in  the  lower  inguinal  r^on. 
Anatomically,  the  opening  through  which  the  hernia  emerges  is  below  and 
internal  to  the  epigastric  artery.  It  is  bounded  above  by  the  epigastric 
artery,  on  the  inner  side  by  the  internal  oblique  or  trans versalis  fascia,  on 
the  lower  side  by  the  pubic  bone,  on  the  outer  side  by  Poupart's  ligament. 

Diagnosis. — This  type  of  hernia  is  usually  found  only  in  adult  life 
and  in  adult  males.  There  have  been  a  few  cases  observed  in  children. 
Chas.  N.  Dowd*  has  operated  upon  one  such  case,  a  boy  four  years  of  age,  at 
St.  Mary's  Hospital,  New  York.  In  upward  of  2200  operations  in  children, 
at  the  Hospital  for  Ruptured  and  Crippled,  not  a  single  case  of  direct  hernia 
in  a  child  has  been  observed.  While  direct  hernia  is  occasionally  found  in 
women,  it  is  by  no  means  so  frequent  as  some  authors  have  recently 
attempted  to  prove,  e.  g,,  Escher,*  who  maintains  that  this  type  of  her- 
nia is  more  common  in  inguinal  hernia  in  the  female  than  in  the  male. 
But  I  believe  that  there  are  no  statistics  to  uphold  this  view.  Brenner^* 
gives  a  very  complete  report  of  1188  cases  of  hernia  operated  upon  at  the 
Linz  Clinic,  1080  being  men,  with  95,  or  9  per  cent.,  of  direct  hernia  in 
the  male;  and  108  women,  with  2  cases  of  direct  hernia,  or  2  per  cent., 
in  the  female.  My  own  statistics  show  only  44  cases  of  direct  hernia 
in  1980  operations,  or  about  2  per  cent.  Of  these,  930  were  in  adults. 
Excluding  the  femoral  hernias,  144  in  number,  there  remain  786  inguinal 
hernias.  Of  these, 635  were  males  with  42  direct  hernias;  and  146  females 
with  2  direct  hernias. 

There  is  usually  a  history  of  slower  development  in  direct,  than  in 
oblique  hernia.  The  hernia  never  descends  into  the  scrotum.  A  history 
of  a  definite,  exciting  cause,  such  as  lifting  or  straining,  is  less  frequently 
noted  than  in  oblique  hernia. 

Physical  examination  shows  several  distinctive  features.  The  shape 
of  the  tumor  and  its  location  are  usually  sufficiently  characteristic  for 
a  diagnosis.  The  tumor  is  smooth  in  outline,  globular  in  shape,  and 
situated  at  the  external  ring;  it  is  easily  reduced  by  pressure  and  dis- 
appears spontaneously  upon  lying  down.  The  tumor  has  no  tendency 
to  enter  the  scrotum,  not  even  after  long  duration  and  on  having  at- 
tained large  size.  Examination  of  the  canal  reveals  a  circular  opening 
which  seems  to  pass  directly  backward  into  the  abdominal  cavity,  instead 
of  obliquely  upward  as  in  obUque  inguinal  hernia.  Sometimes  the  deep 
epigastric  artery,  which  should  always  be  external  to  the  opening,  may  be 
felt,  but  as  it  can  be  but  rarely  made  out,  this  is  a  sign  of  Uttle  practical 
value,  except  in  the  cases  that  come  to  operation.  There  is  one  important 
cUnical  method  which  will  nearly  always  enable  one  to  make  a  positive 
diagnosis:  After  the  hernia  has  been  reduced,  press  two  or  three  fingers 
over  the  internal  ring,  leaving  the  external  ring  free  or  uncovered.  The 
patient  is  then  asked  to  cough,  and  if  the  hernia  is  direct,  it  will  emerge 
from  the  external  ring;  if  it  is  oblique,  the  pressure  over  the  internal  ring 
will  prevent  its  appearance.  In  some  cases  the  diagnosis  is  very  difficult, 
except  by  operation,  as  the  following  case  (Fig.  29)  well  illustrates: 

The  patient,  a  boy  of  thirteen  years,  was  admitted  to  the  Hospital  for  Ruptured 
and  Crippled  in  February,  1907,  with  a  double  inguinal  hernia  of  nearly  eight  years' 
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duration.  The  hernial  tumors  had  the  typical  globular  appearance  of  a  direct  hernia, 
and  although  they  had  existed  for  a  long  time,  they  showed  no  tendency  to  enter 
the  scrotum.  Pr^sure  upon  the  internal  ring  did  not  absolutely  control  the  hernia 
on  coughing.  Operation,  however,  showed  two  typical  oblique  hernial  sacs  coming 
out  of  the  internal  ring  above  the  epigastric  artery,  and  emerging  through  the  exter- 
nal ring. 

Treatment. — As  mechanical  treatment  offers  no  prospect  of  a  perma- 
nent cure  and  generally  fails  to  control  the  hernia,  such  treatment  is 
usually  unsatisfactory.  Operation  should  be  advised  in  all  cases  in  which 
there  are  no  contraindications.  The  Bassini  operation  should  be  the 
method  of  choice.  The  results  are  less  satisfactory  than  in  the  oblique 
variety,  but  the  majority,  about  85  per  cent.,  may  be  cured. 

Interparietal  Hernia  (Properitoneal;  Interstitial).— (i)  Properi- 

toneal  Hernia. — In  this  form  of 
hernia  the  sac  is  usually  bilocular, 
y j:^^^^^^h^b^^^^^^h       the  inner  loculus  lying  between  the 
/jf'I^^^^^^V^HH^^^^^H      peritoneum  and  transversaUs  fascia, 
y^  ^KK  ^^^^^^I^H     ^^^  ^^^  outer  in  the  inguinal  or, 

more  rarely,  in  the  crural  canal.  In 
a  few  cases  the  outer  loculus  is  found 
between  the  layers  of  the  abdominal 
wall.  In  all  cases  there  is  a  com- 
mon orifice  connecting  both  sacs 
with  the  abdominal  cavity.  The  in- 
terstitial variety  of  hernia,  often 
confused  with  the  properitoneal,  is 
also  a  bilocular  hernia  in  which  the 
upper  sac  lies  beneath  the  external 
oblique  and  the  skin.  This  type  of 
hernia  is  known  as  inguino-super- 
ficial  hernia.  I  agree  with  Moyni- 
han"  in  believing  that  all  these 
varieties,  including  properitoneal 
and  interstitial,  might,  with  pro- 
priety, be  grouped  under  one  gen- 
eral class  of  bilocular  hernia,  or  per- 
haps with  interparietal.  Properi- 
toneal hernia  is  comparatively  rare.  The  first  cases  were  described  by 
Parise*  in  1851,  but  we  are  indebted  to  the  classic  paper  of  Kronlein,^ 
published  in  1880,  for  the  first  comprehensive  discussion  of  the  subject. 
Kronlein  collected  twenty-three  cases  with  full  reports. 

Etiology. — Properitoneal  hernia  occurs  almost  invariably  in  the  male 
and  is  in  nearly  all  cases  associated  with  malformation  or  incomplete 
development  of  the  testis.  A  few  cases,  however,  have  been  observed 
in  the  female,  the  first  one  report^  being  that  of  Bull  and  Coley,***  two 
others  have  l^een  observed  by  the  writer.  The  causation  of  properitoneal 
hernia  has  been  explained  in  a  great  variety  of  ways.  In  a  certain  number 
of  cases  I  believe  that  the  hernia  is  originally  of  monolocular  type,  the 
primary  sac  being  in  the  inguinal  canal  or  upper  scrotum.      In  these 


Fio.  29. — Double  Obliqce  Inguinal  Hernia 
IN  Boy  Aged  Thirteen  Years  Simulat- 
ing Direct  Hernia. 
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cases  the  testicle,  situated  in 
the  canal  or  at  the  external 
ring,  may  act  as  a  barrier 
against  the  further  descent 
of  the  hernia,  and,  following 
the  Une  of  least  resistance,  the 
hernial  sac  enlarges  upward 
between  internal  and  external 
oblique  aponeurosis,  or  possi- 
bly between  the  superficial 
fascia  and  aponeurosis,  form- 
ing a  hernia  of  the  superficial 
type.  If  this  explanation  be 
correct,  the  presence  of  a  hy- 
drocele in  the  canal  of  Nuck 
in  inguinal  hernia  in  the  fe- 
male should  act  in  the  same 
manner,  producing  an  inter- 
parietal hernia.  One  such 
example  I  have  personally  ob- 
served. 

A  number  of  theories  have  been 
ment  of  bilocular  hernias,  but  to 


Flo. 


30. — Double      Undescended      Testis     with 
Double  Properitoneal  Hernia. 
Ri^ht  side  hernia  descending  into  perineum. 

offered  in  explanation  of  the  develop- 
my  mind  the  most  rational  w^ay  of 
explaining  their 
origin  is  to  re- 
gard them  as  de- 
velopmental er- 
rors, or  diverti- 
cula of  prenatal 
origin. 

This  theor>', 
which  represents 
also  Moynihan^s 
views,  is  further 
strengthened  by 
a  recent  very 
valuable  contri- 
bution of  Cohn,'* 
in  his  "Clinical 
Studies  Regard- 
ing the  Vaginal 
Process  of  Peri- 
toneum.''" 


Fig.  31. — Bilocular  Sac  (Berger). 


Cohn  concludes 
that  the  percentage 
of  congenital  inter- 
parietal inguinal 

hernia  is  much  larger  than  appears  from  the  statistics  hitherto  published.     He  states 
ttat  the  only  way  of  determining  whether  a  sac  is  congenital  or  acquired  is  by  micro- 
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scopic  examination,  and  holds  that  only  such  cases  of  interparietal  hernia  can  be 
regarded  as  really  acquired  as  do  not  show  smooth  muscle-fioers  in  the  wall  of  the 
hernial  sac.  Sachs  expressed  a  similar  opinion  twenty  years  aeo,  stating  that  there 
are  no  gross  anatomic  signs  to  differentiate  an  acquired  oblique  inguinal  hernia 
from  a  congenital,  the  smooth  musculature  of  the  internal  cremaster  lining  the  only 
element  of  the  cord  which  preserves  a  uniform  relation  to  the  vaginal  process.  In 
other  words,  if  microscopic  examination  shows  no  regularly  arrang^  smooth  muscle- 
fibers  in  close  proximity  to  the  wall  of  the  hernial  sac,  such  sac  is  probably  not  of 
congenital  origin.  Cohn  believes  that  interparietal  sacs  of  inguinal  hernia  may  be 
preformed  and  may  attain  to  the  average  size  without  the  cooperation  of  any  me- 
chanical factors.  He  states  that,  so  far,  not  a  single  case  of  undoubtedly  acquired 
inguinal  superficial  hernia  has  been  reported.  He  further  states  that  in  superficial 
as  well  as  in  other  interparietal  inguinal  hernias,  the  testicle  may  be  in  a  normal 
position. 

This  is  not,  however,  in  accord  with  my  own  experience.     I  have  personally 

observed  ^  cases  of  inguino- 
superficial  hernia,  and  in  not 
a  single  case  was  the  testis 
found  in  the  normal  position, 
but  has  either  been  in  the  in- 
guinal canal  or,  in  the  major- 
ity of  ca.ses,  in  the  distal  por- 
tion of  the  sac,  resting  upon 
the  external  oblique,  just  be- 
neath the  skin  and  superficial 
fascia.  Cohn  states  that  a 
bilocular  interparietal  ingui- 
nal hernia  may  become  mon- 
olocular  in  consequence  of  an 
obliteration  of  the  vaginal 
process,  provided  that  the 
descent  of  the  testicle  into  the 
scrotum  becomes  complete 
before  obliteration  of  the  vag- 
inal process  above  the  testicle 
takes  place. 

Symptoms.  —  Sympn 
toms  have  seldom  been 
observed  until  the  hernia 
had  become  strangulated, 
when  the  usual  signs 
of  acute  or  subacute 
strangulation  appear. 
Even  then  there  may  be 
no  physical  signs  suffi- 
ciently prominent  to  be 
detected  by  an  ordinary 
examination.  There  is 
usually  a  history  of  an  old  hernia  which  has  been  treated  by  truss  for  a 
longer  or  shorter  period.  In  certain  cases  an  elliptic  swelling  may  be 
made  out  in  the  upper  inguinal  or  lower  iliac  regions.  Breiter's  collec- 
tion of  cases  shows  tumefaction  in  22  out  of  36  cases. 

Moynihan  believes  this  proportion  to  be  in  excess  of  the  facts.  Stran- 
gulation may  be  due  to  the  internal  or  common  neck  of  the  sacs,  the 
ostium  abdominale,  or  to  the  neck  of  one  of  the  two  loculi;  or,  again,  it 
may  be  due  to  a  constriction  of  strong  fibers  of  the  external  ring.  This 
w^as  the  cause  in  a  case  personally  observed  by  the  writer.  The  symptoms 
are  usually  less  acute  than  in  the  ordinary  strangulated  hernias;  hence, 


Fio.  32. — Rark  Type  of  Undescended  Testis  with 
Hernial  Sac  Extending  to  Bottom  ok  Scrotum. 
Testis  Arrested  at  External  Ring. 


PLATE  I. 


Rtrangui.ated    Propkkitoneal   and   Omental    Hernia    with    Biixicular   Sap. 
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FiQ.   33. — Interstitial  Hernia   in  the  Fe- 
male, Associated  with  Hydrocele  of 


the  Canal  of  Nuck. 


the  delay   in    advising    operation 

which  is  usually  observed  in  these 

cases.    Properitoneal  hernia  is  often 

mistaken  for  reduction  eh  masse, 

and  it  is  almost  certain  that  many 

cases  reported  under  this  heading 

have  been,  in  reaUty,  examples  of 

properitoneal  hernia.  Properitoneal 

femoral  hernia  is  exceedingly  rare, 

Breiter  having  been  able  to  collect 

only    nine   cases:   four  left,  three 

right,  two  doubtful. 

Diagnosis. — The    diagnosis     of 

properitoneal    hernia    has   seldom 

been  made  before  operation.    Given 

a  small  inguinal  hernia,  associated 

with  undescended  testis,  and  in  ad- 
dition a  tumor  in  the  iliac  fossa, 

one  should  suspect  the  existence  of 

a  properitoneal  hernia. 

Treatment. — All  cases  of  bilocu- 

lar  hernia,  even  if  the  diagnosis  is 

merely  suspected,  should  be  treated 

by  operation. 

Interstitial  Hernia. — Here  the 

outer  sac  may  be  really  secondary,  and,  owing  to  its  more  external 

location,  may  be  more 
readily  discovered  than  the 
properitoneal  sac  proper. 
It  is  practically  always 
associated  with  some  type 
of  undescended  testis,  ex- 
cept in  the  very  rare 
cases  of  interstitial  hernia 
in  the  female.  Three 
such  cases  have  been  per- 
sonally observed  by  the 
writer.  In  one  of  these 
(see  P'ig.  33)  there  was 
a  large  hydrocele  of  the 
canal  of  Nuck,  which  was 
probably  the  causative  fac- 
.  tor  in  the  development  of 
the  upper  sac,  the  hydro- 
cele tumor  preventing  the 
progress  of  the  hernia 
downward  into   the  labia, 

causing  it  to  enlarge  upward  beneath  the  external  obUque. 


Fio.  34. — Interstitial  Hernia. 
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In  by  far  the  larger  proportion  of  cases  of  interstitial  hernia  the  sac 
lies  underneath  the  aponeurosis  of  the  external  oblique,  between  the  latter 
and  the  internal  oblique.     In  some  cases,  however,  the  sac  lies  superficial 

to  the  aponeurosis,  often 
extending  up  nearly  to 
the  anterior  superior 
spine,  covered  only  by  the 
skin  and  superficial  fas- 
cia. This  variety  of  her- 
nia is  known  as  inguino- 
superficial,  and  has  been 
described  by  Macready 
and  Kiister.  Kiister  was 
able  to  collect  only  14 
cases,  and,  more  recently, 
Moschcowitz*^  found  only 
17  cases  in  literature.  The 
reasons  why  this  variety 
has  not  been  more  fr^ 
quently  diagnosticated 
are  (1)  that  it  occurs  far 
more  frequently  in  chil- 
dren; (2)  the  diagnosis 
Fig.  36.— Inouino-buperficial  Hernia.  is  seldom  made  after  Op- 

eration; (3)  it  is  always 
associated  with  undescended  testis;  (4)  the  operation  for  undescended  testis 
has  not  until  recently  been  undertaken  on  a  large  scale. 

In  this  variety  of  interstitial  hernia  the 
sac,  after  emerging  from  the  external  ring, 
extends  upward,  resting  upon  the  aponeu- 
rosis of  the  external  oblique,  lying  between 
the  latter  and  the  superficial  fascia.  It  is 
practically  always  associated  with  unde- 
scended or  maldescended  testis  and  is  not 
nearly  so  rare  as  is  generally  believed.  In 
proof  of  the  comparative  frequency  of  in- 
guino-superficial  hernia,  it  may  be  stated 
that  it  was  found  in  no  less  than  26  cases 
out  of  a  total  of  123  cases  of  undescended 
testis  associated  with  hernia  in  which  op- 
eration for  the  radical  cure  was  done  at  the 
Hospital  for  Ruptured  and  Crippled.  I 
have  operated  upon  ten  additional  cases  in 
adults.  The  accompanying  cuts  (Figs.  35, 
36)  show  very  clearly  the  position  of  the  sac. 

Etiology, — Macready*  states  that  ''when  the  sac  ascends  upon  the 
external  oblique  a  gap  is  usually,  if  not  always,  present  in  that  muscle, 
so  that  the  external  and  internal  rings  coincide,  it  is  as  if  the  anterior 


Fig.  36. — Ingdino-superficial 
Hernia. 
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abdominal  wall  were  absent.  As  the  hernia  cannot  descend  upon  the 
thigh  on  account  of  the  attachment  of  the  abdominal  fascia  to  Poupart's 
ligament,  it  must  ascend  in  the  line  of  least  resistance/' 

This  explanation  I  believe  to  be  incorrect,  based,  as  it  was  at  that  time,  upon  a 
very  small  number  of  reported  cases,  and  most  of  these  lacking  in  accurate  anatomic 
description.  Furthermore,  few,  if  any,  cases  in  children  had  then  been  reported, 
and  it  is  these  cases  in  early  life  that  naturally  offer  the  best  opportunities  for  a 
study  in  etiology.  Our  own  cases  have  failed  to  show  a  single  gap  in  the  external 
oblique,  and  instead  we  have  found  a  perfectlv  normal  inguinal  canal;  but  the  sac, 
insteiad  of  entering  the  scrotum,  is  turned  abruptly  upward  and  outward  2  to  3 
inches,  until,  in  some  cases,  it  nearly  reaches  the  anterior  superior  spine.  Most 
of  the  children  were  between  six  and  ten  ^rears  of  age,  and  in  many  cases  the  hernia 
had  been  noticed  since  a  few  weeks  after  birth  and  no  truss  had  been  worn.  Hence, 
it  is  difficult  to  accept  the  explanation  based  on  the  theory  of  the  sac's  having  fol- 
lowed the  line  of  least  resistance  in  assuming  its  unusual  position.  There  is  another 
explanation  which,  in  my  judgment,  is  much  more  satisfactory  and  more  in  accord 
with  our  present  knowledge  of  the  etiology  of  hernia  in  ^neral,  namely,  that  by 
reason  of  some  congenital  developmental  defect  a  diverticulum  of  peritoneum  is 
present  at  birth  in  the  reraon  where  the  sac  is  found,  although  the  hernia  may  not 
appear  until  long  after.  Just  why  such  a  diverticulum  should  assume  this  position, 
is  aifficult  to  say,  but  no  more  difficult  than  to  explain  why  a  congenital  sac  due 
to  a  diverticulum  of  peritoneum  is  found  in  femoral  hernia. 

After  a  little  experience  one  can  usually  make  the  diagnosis  before  operation  by 
the  superficial  position  of  the  testis,  which  can,  in  most  cases,  be  forced  out  by 
coughing.    I  have  recently  observed  one  case  with  the  testis  in  the  scrotum. 

A  word  of  caution  is  needed  in  making  the  skin  incision  when  operat- 
ing upon  this  variety  of  hernia.  Great  care  should  be  exercised,  inasmuch 
as  the  sac  Ues  directly  beneath  the  skin  and  superficial  fascia  and  could 
easily  be  laid  open  and  the  testis  and  other  contents  injured  by  too  bold 
an  incision. 

The  treatment  is  the  same  as  the  treatment  for  hernia  associated  with 
undescended  testis.  The  sac  and  testis  are  at  first  dissected  free  without 
opening  the  sac.  The  aponeurosis  of  the  external  obUque  is  then  slit 
up  as  in  the  ordinary  Bassini  operation;  the  sac  is  next  separated  from 
the  cord  very  high  up;  it  is  then  cut  across  in  the  upper  portion  and 
sutured  or  tied  off  flush  with  the  peritoneal  cavity.  The  lower  portion  of 
the  sac  may  be  closed  by  a  purse-string  suture  over  the  testis,  thus  form- 
ing a  complete  tunica  vaginalis.  The  testis  is  then  transplanted  into  a 
pouch  made  into  the  scrotum  by  means  of  the  index-finger.  The  cord  is 
usually  sufficiently  long  to  permit  the  testis  to  reach  the  bottom  of  the 
scrotum.  The  cord  is  not  transplanted  either  in  this  or  any  other  variety 
of  hernia  associated  with  undescended  testis. 

Inguino-perineal  Hernia. — This  is  a  rare  variety  of  hernia,  usually 
associated  with  mal-descent  of  the  testis,  the  latter  occupying  the 
perineiim  instead  of  the  scrotum.  These  cases  are  all  undoubtedly 
of  congenital  origin,  although  it  is  by  no  means  easy  to  explain  their 
exact  cause.  By  some  this  type  of  hernia  has  been  supposed  to  be  due 
to  the  abnormal  development  of  a  part  of  the  gubemaculum,  which 
extends  into  the  perineum.  By  the  action  of  this  the  testicle  is  not 
only  drawn  into  the  perineum,  but  along  with  it  goes  a  fold  of  peritoneum, 
which  forms  the  congenital  sac,  thereby  producing  all  the  necessar}^  con- 
ditions for  the  hernia. 

Personally,  I  have  operated  upon  six  such  cases,  the  largest  one  of 
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which  is  well  shown  by  the  accompanying  cut  (Fig.  37).    In  this  case 

the  testicle,  which  w^as  small 
ami  greatly  atrophied,  was 
removed.  In  the  other  cases 
it  was  transplanted  into  the 
empty  scrotum.  Only  very 
few  cases  have  thus  far  been 
rej^forted. 

Methods  of  Operation 
for  the  Radical  Cure  of  In- 
guinal Hernia.— Czemy's 
method  was  very  widely  used 
up  to  1890  or  even  later.  The 
procedure  consists  in  an  open 
incision  over  the  external 
ring;  exposure  and  isolation  of 
the  sac;  ligation  of  the  sac  as 
high  as  was  possible  without 
cutting  up  the  aponeurosis  of 
the  external  oblique;  dissec- 
X  tlon  of  fundus  of  sac  (a  step 
'^, added  later);  closure  of  ex- 
ternal ring  by  means  of  inter- 
rupted catgut  sutures.  The 
results  of  this  opemtion  were 
not  particularly  satisfactory,  the  mortaUty  in  non-strangulated  cases 
being  about  7  per  cent. ,  and  the 
cases  traced  beyond  two  years 
showed  30  to  40  per  cent,  re- 
lapses. 

Championni^re's  method 
consists  in  slitting  up  the  apo- 
neurosis of  the  external  oblique 
well  above  the  internal  ring, 
thus  securing  a  high  removal 
of  the  sac.  The  canal  is  then 
closed  by  overlapping  the  apo- 
neurosis of  the  external  oblique 
by  a  series  of  mattress  sutures. 
Bassini's  Method. — Bas- 
sini''  in  1885  (pubUshed  in  1888) 
introduced  a  new  principle  in 
closing  the  canal,  namely,  the 
transplantation  of  the  cord. 
This  method  has  given  superior 
results  to  all  others,  and  is  at 
present  so  extensively  em- 
ployed that  a  careful  description  will  be  given  (see  illustrations  made 


Fig.  37. — Inquino-perineal  Hernia. 


Fig.  38. — Basbini    Operation.     First   Stkp. 

Aponeurosis   of  the   external   oblique  exposed   and 

director  passed  in. 
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Fio.  39. — Ba08ini   Operation.     Second   Step. 
Sac  and  cord  dissected  en  maaae. 


from  life  of  the  author's  own  cases) :  A  straight  oblique  incision  is  made, 
beginning  at  the  inner  side  of  the  anterior  superior  spine  and  i  inch  in- 
ternal to  and  parallel  with 
Poupart's  ligament,  and 
ending  over  the  center  of 
the  external  ring.  This 
incision  is  about  3  to  3J 
inches  long  in  adults,  and 
2i  to  3  inches  in  children. 
The  aponeurosis  of  the 
external  oblique  having 
been  clearly  exposed,  a 
director  is  passed  in  at 
the  external  ring  beneath 
the  aponeurosis  for  a  dis- 
tance of  about  2i  inches 
(Fig.  39).  The  aponeu- 
rosis is  then  sht  up  with  a 
scalpel  upon  a  good  direc- 
tor, great  care  being  taken 
not  to  cut  any  underlying 
muscular  fibers  or  the  ilio- 
inguinal nerve.  The  aponeurosis  is  thereupon  dissected  back  on  the  inner 
side,  nearly  to  the  edge  of  the  rectus  muscle,  and  on  the  outer  side  until 

the  shelving  process  of  Pou- 
part's  ligament  is  well  ex- 
posed. The  soft  tissues  on  a 
level  with  the  external  ring, 
or  slightly  within  it,  are  then 
grasped  with  a  pair  of  thumb 
forceps,  and  the  muscular 
fibers  pushed  aside  by  means 
of  a  pair  of  blunt-pointed 
curved  scissors.  The  white 
tissues  of  the  sac  are  thus 
quickly  exposed  and  held  by 
a  pair  of  artery  forceps.  The 
sac  and  cord  are  then  easily 
and  quickly  separated  from 
the  overlying  tissues  without 
hemorrhage,  with  the  thumb 
and  forefinger.  In  oblique 
hernia  the  sac  will  always  be 
found  anterior  to  the  cord,  to 
which  it  is  closely  attached  by 
means  of  a  thin  layer  of  fascia,  the  infundibuUform  fascia,  which  surrounds 
the  two  in  conunon.  By  grasping  the  sac  with  a  pair  of  arter\^  clamps  high 
up  within  the  external  ring,  the  cord  is  quickly  and  easily  separated  from 


Fig.  40. — Bassini  Opebation. 
Isolation  and  ligature  of  the  sac. 


68 


HERNIA. 


FiQ.  41. — Babsini  Operatiun. 
Showing  the  way  the  cremaster  muscle  U  utilised. 


the  sac  by  means  of  the  thumb  and  forefinger  of  the  right  hand,  assisted 
by  a  small  pad  of  sterile  gauze.  After  one  gets  beneath  the  infundibuli- 
form  fascia  the  dissection  is  extremely  easy,  and  the  cord  now  Ues  well 

below  and  free  from  danger. 
The  outer  portion  or  roof  of  the 
sac  is  first  cut  across  to  see  that 
it  is  empty ;  then  the  floor  is  cut 
and  the  upper  end  of  the  sac  is 
dissected  well  beyond  the  neck, 
or  to  a  point  where  the  sac 
widens  out  into  the  general 
peritoneal  cavity.  At  this  point 
the  sac  is  transfixed  with  a  cat- 
gut Ugature  and  tied  off  (Fig. 
40).  If  the  sac  be  congenital, 
just  enough  of  the  lower  portion 
to  cover  the  testicle  is  allowed 
to  remain,  this  being  closed  by 
continuous  catgut  suture.  The 
internal  obUque  muscle  should 
never  be*  cut;  in  fact,  no  tis- 
sues beneath  the  aponeurosis 
are  cut.  Cutting  the  internal  oblique  muscle  is  entirely  unnecessary  for 
the  complete  removal  of  the  sac.  The  cord  is  now  held  up  out  of  the 
field  of  operation  by  means  of  a 
narrow  strip  of  sterile  tape  or 
gauze.  Next,  the  deep  sutures 
of  kangaroo  tendon  or  chromi- 
cized  catgut  are  introduced  by 
means  of  a  curved  Hagedom 
needle,  preferably  \\ith  the  fin- 
gers, without  a  holder,  as  shown 
in  Figs.  41,  42.  The  first  suture 
enters  the  internal  oblique  mus- 
cle nearly  as  far  as  the  outer  edge 
of  the  rectus  muscle,  and  is  so 
placed  that  it  just  touches  the 
lower  border  of  the  cord  when 
the  latter  is  held  vertically  to  the 
plane  of  the  abdomen.  The  su- 
ture passes  outward,  first  picking 
up  the  cremaster  muscle,  then  the 
shelving  edge  of  Poupart's  hga- 
ment,  and  is  finally  tied.     Three 

or  four  similar  sutures  complete  the  closure  of  the  canal  as  far  as  the  sym- 
physis pubis.  I  believe  the  lowermost  suture  is  one  of  the  most  important 
in  the  series.  My  own  practice  is  to  insert  the  suture  in  such  a  way  as  to 
include  the  reflected  portion  of  the  external  obhque  aponeurosis  as  well 


Flo.  42. — Barsini  Operation. 

Deep   sutures.     Showing   extra  suture  above  the 

cord. 
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Flo.  43. — Ba88ini  Operation. 
Aponeurosis  sutured  over  the  cord. 


as  the  conjoined  tendon  and  the  transversalis  fascia.  This  apparently 
is  not  usually  done,  according  to  the  previously  pubUshed  cuts  of  Bassini's 
operation.  In  addition  to 
the  four  or  five  sutures  be- 
low the  cord,  I  beUeve  it  a 
wise  precaution  to  place 
one  suture  above  the  cord, 
passed  through  similar 
structures  to  those  below. 
This  is  not  strictly  a  part 
of  Bassini^s  technic,  but  I 
believe  that  it  undoubted- 
ly strengthens  the  canal  in 
its  weakest  portion  at  the 
internal  ring,  thus  lessen- 
ing somewhat  the  liability 
to  recurrence.  The  inci- 
sion in  the  aponeurosis  is 
next  closed  by  means  of  a 
continuous  suture  of  kan- 
garoo tendon  of  Uttle  finer 
caUber,  the  cord  lying  di-^ 
rectly   beneath  this  layer 

(Fig.  43).    Care  should  be  taken  to  leave  sufficient  room  at  the  lower 
end  or  new  external  ring  to  permit  the  cord  to  pass  out  without  undue 

constriction.  The  skin  wound 
is  then  closed  without  drainage, 
by  means  of  interrupted  sutures 
of  fine  catgut.  These  sutures 
are  almost  always  found  ab- 
sorbed at  the  time  of  the  first 
dressing  at  the  end  of  one  week. 
It  should  be  stated  that  Bassini 
himself  uses  silk  for  the  buried 
sutures. 

Kocher's  Method. — Con- 
sists in  thorough  isolation  of 
the  sac;  making  a  small  sUt  in 
the  aponeurosis  of  the  external 
oblique  (which  has  thus  far  re- 
mained intact) ,  about  1 J  inches 
above  the  external  ring;  draw- 
ing the  sac  through  this  open- 
ing and  laying  it  back  upon  the 
outer  surface  of  the  aponeuro- 
sis; closure  of  the  canal  by  a 
series  of  interrupted  Lembert 
sutures  inserted  so  as  to  bury  the  sac  in  a  fold  of  aponeurosis. 


Fio.  44. — Modified  Bassini  Operation. 
Suture  of  the  internal  oblique  to  Poupart's  liga- 
ment without  the  transplanting  of  the  cord  (Bull 
and  Coley). 
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Bassini's  Method,  Omitting  the  Transplantation  of  the  Cord 
(Modified  Bassini)  (Fig.  44). — In  1892  Bull  and  myself  began  a  series  of 
operations  at  the  Hospital  for  Ruptured  and  Crippled,  by  the  method  of 
Bassini,  omitting  the  transplantation  of  the  cord.  The  results  of  this 
method,  as  published  from  time  to  tune,**  have  been  practically  as  good  as 
those  following  Bassini's  operation,  at  least  in  children.  Girard,**  of  Berne, 
pubUshed  an  operation  which  is  practically  a  combination  of  Bassini's 
and  Championni^re's  methods,  omitting  the  transplantation  step.  The 
internal  and  external  oblique  are  both  sutured  to  Poupart's  ligament 
and  the  outer  edge  of  the  aponeurosis  is  sutured  in  such  a  way  as  to  over- 
lap for  i  to  }  inch  the  inner  edge.  He  published  a  series  of  560  cases  with 
eight  relapses,  operated  upon  by  this  method.  In  1900  Ferguson,  of 
Chicago,  described  practically  the  same  method  as  our  modification 
of   Bassini's   method,  and  has  attempted   to  prove  its  superiority  to 

the    Bassini     method 
proper. 

A  careful  analysis 
of  the  cases  thus  far 
reported  justifies  the 
conclusion  that  the 
transplantation  of  the 
cord  is  not  essential 
to  the  success  of  the 
operation ,  especially 
in  children,  while  in 
adults,  except  in  direct 
hernia,  the  results  are 
nearly  as  good  as  in 
the  cases  in  which  the 
cord  is  transplanted. 
The  principal  theoretic 
objection  to  the  trans- 
plantation step  of  the 
typical  Bassini  oper- 
ation, so  strongly  emphasized  by  Ferguson,  namely,  the  danger  of  atrophy 
of  the  testicle,  resulting  in  sterility,  has  been  shown  to  be  without  prac- 
tical foundation.  Atrophy  of  the  testicle  following  Bassini's  operation 
has  never  been  observed  at  the  Hospital  for  Ruptured  and  Crippled. 
Many  of  the  children  operated  upon  from  ten  to  fifteen  years  ago  have 
grown  into  adult  life,  have  married,  and  are  the  fathers  of  children. 

The  time  required  for  operation  is  about  the  same  for  the  typical 
Bassini  as  for  the  modified  operation,  i.  e.,  without  the  transplantation 
step.  Either  method  can  be  performed  in  eight  to  ten  minutes  by  a 
surgeon  familiar  with  the  technic.  The  omission  of  the  transplantation 
step  seems  too  slight  a  modification  of  the  Bassini  operation  to  justify 
any  one  in  claiming  it  as  an  original  method.  It  is  the  same  method 
Bassini  himself  employed  for  the  radical  cure  of  inguinal  hernia  in  the 
female.     I  still  believe  that  the  typical  Bassini  method  will  give  slightly 


Fig,  45. — Relapse  Following  Bassini  Operation. 
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better  results  in  oblique  inguinal  hernia  in  adults,  and  the  transplanta- 
tion step  certainly  has  very  great  ad- 
vantages in  all  cases  of  direct  ingui- 
nal hernia. 


FEMORAL  OR  CRURAL  HERNIA* 

Femoral  or  crural  hernia  may  be 

defined  as  a  protrusion  through  the 

crural  canal.     In  the  great  majority 

of  cases  this  protrusion  occurs  just  at 

the  inner  side  of  the  femoral  vein. 

Ver>^  rarely  the  hernial  sac  is  found 

directly  over  the  vessels,  this  type 

being  designated  as  external  femoral 

hernia,  examples  of  which  have  been 

described  by  Narath.**  He  discovered 

that  this  form  of  hernia  was  often 

the  result  of  traumatism,  particularly 

following  attempts  at  reduction  of 

congenital   dislocation   of    the  hip. 

Still   more  rarely  the   hernia   may     ^^    46.-Femoral   Hernia  in  a   Child 

emerge  external  to   the  vessels,  or  aged  seven  Years. 

the  lacuna  musculorum.    The  pro- 
portion of  femoral  hernia  to  inguinal  hernia  at  the  Hospital  for  Ruptured 

and  Crippled  has  been  about  as  1  to  17,  which  is  the  same  as  that 

obser\'ed  at  the  London  Truss  So- 
ciety, according  to  the  statistics  of 
Macready. 

Femoral  hernia,  as  a  rule,  does 
not  occur  before  puberty.  At  the 
Hospital  for  Ruptured  and  Crippled, 
out  of  3404  cases  of  femoral  108  were 
in  children  under  fourteen  years  of 
age. 

Anatomic  Relations.  —  The 
most  important  landmarks  are  the 
following:  Poupart's  Ugament above, 
the  pubic  spine  to  the  inner  side,  and 
the  femoral  veins  to  the  outer  side. 
As  has  already  been  stated,  in  some 
cases  at  least,  femoral  hernia  is  of 
congenital  origin,  due  to  the  presence 
of  a  diverticulum  of  peritoneum  into 
which  the  hernia  later  protrudes. 
In  acquired   femoral  hernia  the 

„     ,^    „  „  r.        .  development   may  be   described  as 

Fio.  47. — Femoral  Hernia  in  a  Child  Aqbd       ,.  h  rw^  '.        i  • 

Ten  Years  of  Two  Years'  Duration.  follows :      The  panetal  pentoneimi  IS 
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gradually  pushed  directly  downward  into  the  enlarged  femoral  canal,  enter- 
ing the  sheath  of  the  femoral  vessels  until  it  reaches  the  cribriform  fascia, 
either  penetrating  the  same  or  passing  beneath  it.  At  the  lower  end  of 
the  femoral  canal  it  curves  forward,  emerging  at  the  saphenous  opening 
just  internal  to  the  femoral  vein. 

In  very  rare  cases,  as  pointed  out  by  Sultan,  femoral  hernia  may  leave 
the  abdominal  cavity  in  the  usual  way,  emerging  from  the  femoral  open- 
ing, then  passing  through  an  opening  in  the  pectineal  fascia,  continuing 
downward  along  the  inner  portion  of  the  thigh,  parallel  with  the  vessels, 
instead  of  outward  in  the  usual  way.    I  have  seen  one  such  case  as 

this,  in  which  the  hernial  sac 
extended  3  inches  below 
Poupart's  ligament. 

Femoral  hernia  in  most 
cases  is  globular  in  shape, 
seldom    attains    to    a   size 
larger  than  a  hen's  egg  or 
goose  egg,  though  in  some 
cases  it  may  reach  the  size 
of  a  child's  head.     In  rare 
cases  the  hernial  sac  passes 
upward  over  Poupart's  liga^ 
ment,  toward   the  anterior 
superior    spine,    and    rests 
upon  the  aponeurosis  of  the 
external   obUque.     While  I 
formerly  believed  that  such 
cases  were  due  to  the  her- 
nia's following  the  line  of 
^least     resistance,     it     now 
nqseems  more    reasonable   to 
M  believe  that  such  sacs  are  of 
^congenital  origin.      I  have 
„      .o    IT  T  v  xj  seen  three  examples  of  this 

Fio.  48. — Unusual.  Type  of  Femoral  Hernia.  u         •      j 

Sac  risiiig  above  Poupart's  ligament  and  simulating  pro-       type  of    femoral  hemia  dur- 
peritoneafhernia.  j^^  ^j^^  ^^^  ^^^        (g^  y^^ 

48.) 

Excluding  the  rare  cases  of  external  femoral  hemia,  the  spine  of  the 
08  pubis  forms  the  inner  boundary  of  the  sac;  the  fascia  overlying  the 
femoral  vein,  the  outer  boundary.  The  floor  upon  which  it  rests  is  formed 
by  the  continuation  of  the  iliac  fascia,  while  its  roof  is  made  up  of  the 
falciform  process  of  the  fascia  lata  and  Poupart's  ligament.  The  possi- 
bility of  the  anomalous  origin  of  the  obturator  artery  should  always  be 
considered  when  operating  for  femoral  hemia.  In  1  case  out  of  every 
3i  the  obturator  arter\'  arises  from  a  common  trunk  with  the  epigastric. 
Treves  states  that  in  54  out  of  101  cases  in  which  it  thus  arose  it  passed 
to  the  outer  side  of  the  ring,  while  in  37  it  passed  backward  across  the 
ring,  and  in  10  around  it  and  to  the  inner  side;   the  last  position  being 
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the  most  dangerous.  Under  such  conditions  the  neck  of  the  hernial  sac 
may  be  almost  entirely  surrounded  by  an  arterial  ring  or  wreath,  fully 
justifying  its  ancient  name  of  corona  mortis.  While  death  from  hemor- 
rhage was  formerly  not  an  imusual  result  in  operations  for  strangulated 
femoral  hernia,  it  is  an  accident  which  seldom  occurs  with  modem  methods 
of  operation,  in  which  the  tissues  are  freely  exposed  and  the  incision  upon 
the  neck  is  made  from  without  inward,  whereby  any  hemorrhage  may 
be  easily  recognized  and  controlled. 

Coverings  of  the  Sac. — The  subcutaneous  tissue,  fascia  propria  of 
Cooper,  made  up  of  the  septiun  cruralis,  femoral  sheath  and  cribriform 
fascia,  the  subperitoneal  fat  and  peritoneum,  constitute  the  coverings  of 
the  sac. 

Contents  of  the  Sac. — The  contents  of  the  sac  differ  little  from  the 
contents  of  inguinal  hernia.  The  omentum  is  more  frequently  found  in 
femoral  hernia  than  in  inguinal  hernia  and,  on  account  of  the  small  open- 
ing, it  becomes  more  quickly  adherent  and  irreducible. 

Clinical  Symptoms. — In  most  cases  there  are  few  symptoms 
associated  with  the  early  development  of  femoral  hernia.  There  is 
usually  a  history  of  a  swelling  appearing  in  the  groin  below  Poupart's 
ligament  either  without  any  known  cause  or  after  some  unusual  abdomi- 
nal effort.  While  pain  or  a  sense  of  discomfort  may  accompany  the 
swelUng,  the  latter  is  so  small  that  oftentimes  a  careful  examination 
must  be  made  before  it  can  be  recognized.  Owing  to  the  small  opening 
and  the  sharp  edge  of  the  falciform  process,  femoral  hernias  are  much 
more  likely  to  become  strangulated  than  inguinal.  For  the  same  reason 
gangrene  develops  much  more  quickly  than  in  the  inguinal  variety. 

Diagnosis. — The  principal  points  in  the  diagnosis  have  already 
been  referred  to  under  General  Diagnosis  and  under  Inguinal  Hernia. 
The  conditions  most  likely  to  cause  confusion  with  femoral  hernia  are: 
adenitis,  psoas  abscess,  saphenous  varix,  lipoma,  hypertrophy  of  the 
subperitoneal  fat.  The  methods  of  differentiating  these  conditions  have 
already  been  described. 

Various  errors  in  the  diagnosis  of  hernia  as  well  as  their  relative  fre- 
quency are  well  shown  by  the  statistics  of  Macready.  He  collected  824 
errors  in  the  diagnosis  of  hernia,  739  in  men,  85  in  women.  Hydrocele 
was  the  most  frequent  source  of  error,  occurring  in  233  cases;  inilanmia- 
tion  of  the  testis  in  107  cases,  varicocele  in  90;  non-inflammatory  condi- 
tions of  the  testis  in  28,  tubercular  testis  in  17,  soUd  tumors  of  the  testis 
in  13  cases,  of  inguinal  hernia.  In  femoral  hernia  enlarged  lymphatic 
glands  were  mistaken  for  a  hernia  in  115  cases,  abscess  47,  enlarged  saphe- 
nous vein  9,  psoas  abscess  in  7  cases.  Labial  hernia  was  mistaken  for  a 
cyst  in  12  cases. 

Operative  Treatment  of  Femoral  Hernia.— In  the  early  op- 
erations for  femoral  hernia  little  more  was  attempted  than  to  tie  off 
the  sac  as  high  up  as  possible  and  close  the  skin  wound.  Up  to  1890 
the  results  of  operation  showed  about  30  per  cent,  of  recurrences.  In 
1894  Bassini"  published  his  own  method  of  operation  for  femoral 
hernia,  which  consisted  in  thorough  removal  of  the  sac,  as  high  up  as 
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possible,  followed  by  closure  of  the  canal  by  five  or  six  interrupted  sutures. 
"  With  a  curved  needle  three  sutures  are  inserted  so  as  to  unite  Poupart*s 
ligament  with  the  pectineal  fascia,  the  first  being  placed  near  the  spine 
of  the  pubis,  the  second  0.5  cm.  externally,  and  the  third  near  the 
femoral  vein.  These  sutures  are  not  tied  until  three  or  four  others  have 
been  inserted,  the  first  through  the  edge  of  the  falciform  fascia,  then  the 
pectineal  fascia,  the  lower  suture  entering  just  above  the  saphenous  vein. 
The  upper  sutures,  which  draw  Poupart's  ligament  backward  to  the  pecti- 
neal line,  are  fastened.  The  other  sutures,  which  bring  together  the 
anterior  and  posterior  walls  of  the  canal,  are  next  tied."    At  the  time  of 


Fio.  49. — Obljtkration  of  the  Femoral  Opening  by  Purse-string  Suture. 

publication,  in  1894,  Bassini  had  operated  upon  54  cases  by  this  method, 
with  no  mortaUty  and  without  a  single  relapse  in  41  cases  traced  from  one 
to  nine  years. 

During  recent  years  there  has  been  a  tendency  toward  more  and  more 
comphcated  methods.  At  the  present  time  the  methods  employed  for 
the  radical  cure  of  femoral  hernia  may  be  divided  into  two  main  groups; 
first,  those  in  which  an  effort  is  made  to  close  the  canal  by  means  of  a 
suture  applied  in  a  great  variety  of  ways;  second,  those  in  which  an  at- 
tempt is  made  to  close  the  canal  by  means  of  muscle,  osteoplastic  or 
heteroplastic  flaps. 

The  operations  of  the  first  group  may  be  subdivided  into  those  methods 
in  which  an  attempt  is  made  to  close  the  canal  from  the  outer  side;  and 
those  in  which  the  canal  is  closed  from  the  inner  side  through  an  open- 
ing in  the  inguinal  canal. 
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The  reasons  advanced  in  favor  of  the  more  difficult  and  complicated 
operations  for  the  radical  cure  of  femoral  hernia  are  all  based  on  the  sup- 
position that  femoral  hernia  is  not  curable  by  simpler  methods.  Ochsner^® 
strongly  advocates  the  simplest  of  all  operations,  namely,  high  ligation 
of  the  sac,  removal  of  the  extraperitoneal  fat  from  the  femoral  ring,  and 
closure  of  the  skin.  He  has  operated  upon  56  cases  at  the  Augustana 
Hospital  in  Chicago,  and  in  30  cases  which  he  has  been  able  to  trace  there 
has  been  no  relapse.  Ochsner  believes  that  this  simple  operation  is 
sufficient,  because  it  rests  upon  the  principle  that  it  i^  practically  impossi- 
ble to  keep  a  circular  opening  in  any  part  of  the  body  from  closing  spon- 
taneously, unless  it  be  lined  with  a  mucous  or  serous  membrane. 


Fio.  60. — CusHmo-MARCT  Purbe-atrino  Suture  for  Femoral  Hernia. 


DeGarmo,*®  of  New  York,  reported  110  cases  operated  upon  by  a  method  prac- 
tically the  same  as  Bassini^s,  with  the  exception  that  a  smaller  number  of  sutures 
are  used,  with  but  a  single  relapse. 

I  have  operated  upon  142  cases  of  femoral  hernia,  in  127  of  which  a  purse-string 
suture  of  kangaroo  tendon  was  used,  without  a  single  relapse;  in  the  15  remaining 
cases  Bassini's  method  was  employed,  with  one  relapse. 

The  purse-string  method  which  1  have  used  may  be  briefly  described  as  follows 
(Fig.  49): 

An  oblique  incision  is  made  }  to  i  inch  below  Poupart's  ligament  and  parallel 
with  it,  almost  identical  with  the  incision  made  for  inguinal  hernia,  only  slightly 
lower  and  a  little  shorter.  The  sac,  with  the  mass  of  extraperitoneal  fat  that  almost 
always  surrounds  it,  is  then  freed  well  up  into  the  femoral  opening.  The  masses  of 
fat  are  carefully  removed;  the  sac  itself,  by  gentle  traction,  is  brought  down  well 
beyond  its  necK  to  a  point  where  it  widens  into  the  general  periton^  cavity.  It 
is  always  opened  before  ligature,  to  make  sure  that  it  is  empty.  If  omentum  is 
present,  this  is  tied  off  and  removed.  The  ligature  having  been  placed  well  beyond 
the  neck  by  transfixion,  is  carefully  tied  and  the  sac  removed.  When  the  stump 
of  the  sac  has  been  pushed  through  the  opening  into  the  abdominal  cavity,  there 
is  no  longer  any  funicular  process  present  in  the  femoral  region.  With  a  curved 
Hagedom  needle,  threaded  with  kangaroo  tendon  of  medium  size,  the  suture  is 
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placed  &8  follows:  The  needle  is  first  passed  through  the  inner  portion  of  Poup«ut's 
ligament  or  the  roof  of  the  canal,  then  downward,  taking  firm  hold  of  the  pectineal 
fascia  and  muscle,  then  outward  through  the  fascia  lata  overlying  the  femoral  vein, 
and  finally  upward,  emerging  through  the  roof  of  the  canal  about  i  inch  distant 
from  the  point  of  entrance  (Fig.  49).  On  tving  this  suture,  the  floor  of  the  canal 
is  brought  into  apposition  with  the  roof  ana  the  femoral  opening  is  completely  ob- 
literated. The  skin  and  superficial  fascia  are  closed  by  means  of  an  interrupted 
catgut  suture  and  a  sterile  aressing  is  applied,  without  drainage.  The  first  chance 
of  dressing  is  made  at  the  end  of  one  week.  The  patient  is  kept  in  bed  for  two  weeks 
and  allowed  to  go  home  at  the  end  of  two  and  a  half  weeks.     A  firm  spica  bandage 

is  worn  one  week  after  leav- 
ing the  hospital,  at  the  end  of 
which  time  no  further  sup- 
port is  needed. 

The  purse-string  suture 
thus  applied  accomplishes 
exactly  the  same  thing  as 
Bassini's  operation  for  fe- 
moral hernia,  and  it  has  the 
advantage  that  it  is  much 
more  easily  and  quickly  per- 
formed. 

This  method  is  the  sim- 
plest of  all  operations  for  fe- 
moral hernia,  with  the  excep- 
tion of  ligation  of  the  sac 
without  any  suture  of  the 
canal. 

Of  127  personal  cases,  75 
have  been  traced  from  one  to 
fourteen  years,  without  a  re- 
lapse. These  cases  have  in 
no  way  been  selected  and  the 
method  has  been  employed 
in  the  largest  hernias  with 
equally  good  results,  and 
there  have  been  no  compli- 
cations, with  the  exception 
of  a  slight  phlebitis  in  one 
case,  which  soon  disappeared. 
In  view  of  these  practi- 
cally perfect  results  from  sim- 
pler methods,  it  seems  unwise  to  advocate  the  complicated  methods  of  Fabricius, 
Lotheissen,  Gordon,  Bardesca,  and  others. 


Fio.  61. — Beroer'b  Operation  for  Femoral  Hernia. 


RESULTS  OF  MODERN  METHODS  OF  OPERATION  FOR  THE  RADICAL 

CURE  OF  HERNIA 

Pott*  in  1903  presented  the  most  complete  study  of  the  end  results  of 
operation  for  the  radical  cure  of  hernia  up  to  that  date. 

Of  a  total  of  4066  cases  of  inguinal  hernia,  81.8  per  cent,  were  perma- 
nently cured.  Of  these,  316  were  females,  with  84.8  per  cent,  of  perma- 
nent cures. 

As  regards  individual  methods,  376  cases  operated  upon  by  Kocher's 
method  showed  92.5  per  cent,  of  permanent  cures;  1851  cases  operated 
upon  by  Bassini's  method  show^  90.1  per  cent,  of  permanent  cures; 
1419  cases  operated  upon  without  slitting  up  the  aponeurosis  of  the  ex- 
terior oblique  showed  71.6  per  cent,  of  permanent  cures;  while  2502 
cases  operated  upon  by  methods  in  which  the  aponeurosis  of  the  exterior 
oblique  was  slit  up,  showed  88.4  per  cent,  of  permanent  cures. 

The  results  of  operations  for  the  cure  of  femoral  hernia  showed  70.5 
per  cent,  of  permanent  cures  in  a  total  of  424  operations.    Of  these,  158 
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were  operated  upon  without  suture  of  the  femoral  ring,  resulting  in  63.3 
per  cent,  of  permanent  cures,  while  in  155  operations  with  suture  of  the 
femoral  ring  71.6  per  cent,  were  permanently  cured. 

Eighty-six  cases  of  abdominal  hernia  operated  upon  by  various 
methods  showed  54.7  per  cent,  of  permanent  cures. 

A  few  of  the  more  important  individual  statistics  show  the  following 
results: 

Championni^re^  reports  21  relapses  in  650  cases  operated  upon  by 
his  own  method.  Bassini's  original  report'*  gives  262  cases  with  7 
relapses;  Bassini,  reported  by  Frantz,  593  cases  with  28  relapses.  Bren- 
ner*^ reports  2000  operations  in  1188  individuals — 1080  men  and  108 
women — operated  upon  at  the  Lindz  Hospital  in  Austria  from  1892  to 
1903,  by  Bassini's  method,  with  5  deaths  in  the  non-strangulated  cases. 
Of  369  cases  in  which  operation  was  performed  on  both  sides,  a  hernia 
was  present  only  on  one  side. 

Of  991  operations  for  the  radical  cure  of  hernia  in  the  male,  91.8 
per  cent,  resulted  in  a  permanent  cure;  of  82  operations  upon  women, 
95  per  cent,  were  permanent  cures. 

Goldner  (Bassini's  method)  reported  800  cases  with  35  relapses. 
Carli  (Bassini's  method)  reported  601  cases  with  36  relapses.  De  Garmo's 
statistics  up  to  January,  1907,  show  1411  operations  in  1031  patients, 
757  males  and  274  females,  239  of  the  cases  being  below  fourteen  years 
of  age,  792  above  that  age.  Of  these  1411  operations,  1237  were  per- 
formed for  inguinal  hernia,  Bassini's  method  being  used  in  1205  of  same. 

The  total  number  of  relapses  is  given  as  19, 9  of  which  were  re-operated 
upon.  As  regards  the  mortality,  there  were  8  deaths  in  1257  non-stran- 
gulated cases,  9  deaths  after  43  operations  for  strangulated  hernia. 

De  Garmo's  statistics  further  show  119  cases  of  femoral  hernia, 
operated  upon  by  his  own  method  with  only  one  relapse;  35  cases  of 
umbilical  hernia  and  20  cases  of  ventral  hernia.  Bull,  Coley  and  Walker, 
in  a  series  of  1209  cases  of  inguinal  hernia  in  the  male,  operated  upon  at 
the  Hospital  for  Ruptured  and  Crippled  between  1890  and  1908,  by 
Bassini's  method,  had  9  relapses,  or  ^^  of  1  per  cent.  Or,  2200  operations 
for  all  varieties  of  hernia,  performed  by  the  same  operators,  showed  19 
relapses,  being  -fif  of  1  per  cent.;  85  operations  for  femoral  hernia  with 
no  relapses. 

Girard  (modified  Bassini  method  with  overlapping  of  aponeurosis, 
cord  not  transplanted)  reported  545  cases  (1892  to  1900)  with  8  re- 
lapses; Wolfler  (modified  Bassini  method)  (1895  to  1902),  828  cases 
with  7i  per  cent,  relapses;  Ferguson  (modified  Bassini  method)  (1898 
to  1907),  356  cases  with  4  relapses:  Ochsner  (modified  Bassini  method), 
283  cases  with  3  relapses. 

Bull,  Coley  and  Walker  (modified  Bassini,  cord  not  transplanted), 
at  the  Hospital  for  Ruptured  and  Crippled  (1892  to  1907),  operated  upon 
340  cases  in  the  male  with  4  relapses;  400  in  the  female  with  2  relapses. 
Or,  740  cases  with  6  relapses  =  tV  of  1  per  cent.    There  were  6  deaths. 

My  personal  statistics  show  20  relapses  in  2032  operations,  14  in  930 
patients  over  fourteen  years  and  6  in  1102  under  fourteen  years.  There 
was  one  death  in  the  former  group,  and  three  deaths  in  the  latter. 
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HERNIA  OF  THE  CECUM  AND  APPENDIX. 

The  cecum  alone  or  appendix  alone,  or  both,  may  be  found  in  the  sac 
of  either  inguinal  or  femoral  hernia.  Such  cases  have  been  reported  as 
far  back  as  the  end  of  the  eighteenth  century.  Tritschler  (Wood)*^  wrote 
on  hernia  of  the  cecum  and  appendix  in  1806,  and  Rust  on  hernia  of  the 
appendix  in  1832  ("Handbuch  d.  Chir/').  The  frequency  ^dth  which 
the  cecum  and  appendix  occur  in  the  hernial  sac  may  be  fairly  determined 
from  the  operative  statistics  of  recent  date.  Of  1586  hernias  operated 
upon  in  the  clinic  of  Colzi,  Florence,  the  appendix  was  present  in  27. 
At  the  Hospital  for  Ruptured  and  Crippled  in  2200  cases  of  hernia  operated 
upon  from  1890  to  March,  1908,  the  cecum  and  appendix  either  alone  or 
in  combination  were  found  in  36  cases;    the  cecum  alone  in   18,  the 

appendix  alone  in  10,  the 
sigmoid  in  one,  the  ce- 
cum and  appendix  to- 
gether in  7.  In  not  a 
single  one  of  these  cases 
was  the  appendix  found 
in  a  femoral  hernia. 
The  cecum  is  more  often 
found  than  the  appen- 
dix, as  shown  by  the 
above  statistics;  the  ap- 
pendix alone  more  fre- 
quently in  inguinal  than 
femoral  hernia,  but  the 
difference  is  less  marked 
than  one  would  suppose. 
Of  145  cases  coUected 
by  Spurrier  and  Comer, 
71  were  inguinal  and  69 
femoral.  Of  63  cecal 
hernias  collected  by  Gib- 
bon, 56  were  inguinal 
and  7  femoral,  all  of  the  latter  occurring  in  women.  The  appendix  was 
absent  in  15  of  the  56  cases  of  inguinocecal  hernia  and  present  in  all  of 
the  7  cases  of  femoral  hernia.  Only  one  of  the  inguinal  hernias  occurred 
in  a  female,  and  this  was  a  pure  appendicular  hernia.  The  author  has 
had  one  case  in  a  female;  this  was  also  a  hernia  of  the  appendix  operated 
upon  for  acute  strangulation  (Fig.  52).  The  patient  made  a  good 
recovery. 

Wood  has  made  the  most  complete  study  of  appendicular  femoral 
hernia  of  which  I  have  knowledge.  He  has  collected  100  cases,  of  which 
81  occurred  in  women,  7  in  men;  in  12  the  sex  was  not  stated.  More 
than  half  of  the  cases  of  cecal  hernia  occurred  in  patients  under  the  age 
of  fifteen  years,  while  in  hernia  of  the  appendix  alone,  more  than  half 
had  been  found  in  patients  over  the  age  of  fifty  years. 


Fio.   62. — Incarcerated  Hernia  of  the  Appendix  with 
Sac  Distended  with  Bloodv  Fluid. 
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Etiology  of  Cecal  and  Appendicular  Hemia.— I  believe  an  un- 
obliterated  pouch  of  peritoneum  to  be  the  primary  cause,  certainly  in 
the  inguinal  and  probably  in  many  of  the  femoral  hernias.  In  addition, 
there  must  be  an  abnormally  movable  cecum. 

The  immediate  or  exciting  causes  are  much  the  same  as  those  in  cases 
of  ordinary  inguinal  and  femoral  hemia,  i,  e.,  severe  strain  or  abnormal 
increase  in  intra-abdominal  pressure. 

In  the  case  of  sliding  hemia  of  the  cecum,  of  which  the  author  has  seen 
8  cases,  the  etiology  is  entirely  different.  In  these  cases  there  may  be  no 
abnormal  mobiUty  of  the  cecum,  and  there  may  be  likewise  no  preformed 
or  congenital  pouch  of  peritoneum  in  the  canal.  The  ceciun  occupies  an 
abnormally  low  position;  the  peritoneum  surrounds  the  cecum  only  on 
its  anterior  and  lateral  surfaces,  while  posteriorly  it  is  loosely  attached  by 
connective  tissue  which  permits  the  entire  cecum  to  be  gradually  forced 
downward  into  the  inguinal  canal.  There  is  probably  also  present  as  a 
predisposing  cause  in  these  cases  an  abnormally  large  external  ring. 
I  believe  that  intra-abdominal  pressure  due  to  straining,  lifting,  or 
coughing,  which  is  so  frequently  the  cause  of  the  ordinary  type  of  inguinal 
hernias,  plays  but  a  minor  r61e  in  the  production  of  sliding  hernias; 
it  is  rather  a  regular,  constant  pressure  which  gradually  forces  the  cecum 
to  a  lower  and  lower  position,  until  finally  it  is  in  the  inguinal  canal.  In 
these  cases  the  hemia  can  never  be  fuUy  reduced  and,  hence,  never  be 
perfectly  controlled  by  a  tmss. 

Inasmuch  as  the  appendix  is  seldom  present,  the  diagnosis  of  hemia  of 
the  appendix  is  rarely  made  before  operation.  Yet  in  infants  and  young 
children  the  author  believes  the  diagnosis  in  most  cases  is  comparatively 
easy.  At  the  Hospital  for  Ruptured  and  Crippled,  in  children  the  diag- 
nosis has  been  frequently  made,  and  afterward  confirmed  by  operation. 
One  can  readily  outline  the  appeiidix  in  the  thin-walled  sac,  and  the  only 
condition  likely  to  simulate  it  would  be  a  hemia  of  the  tube  and  ovary. 
However,  in  ovarian  hemia  there  is  much  greater  tendemess,  which  fact 
would  enable  one  to  differentiate  the  two  conditions.  In  addition,  the 
tumor  is  more  globular.  In  simple  reducible  hemia  of  the  appendix 
there  are  no  symptoms  characteristic  of  the  condition.  In  the  presence 
of  an  inflamed  and  adherent  appendix  there  may  be  nausea,  vomiting, 
constipation,  and,  in  fact,  the  symptoms  may  closely  resemble  strangula- 
tion. 

Of  the  100  cases  of  appendicular  femoral  hemia  collected  by  Wood, 
the  appendix  was  returned  into  the  abdominal  cavity  without  operation 
in  17  cases,  with  one  death;  in  52  it  was  resected,  with  three  deaths. 

I  cannot  agree  with  the  opinion  of  Wood,  that  the  appendix  is  more 
often  found  in  femoral  than  in  inguinal  hemia.  I  have  operated  upon  140 
cases  of  femoral  hemia  and  have  never  seen  a  hemia  of  the  appendix, 
while  in  1874  cases  of  inguinal  hemia  it  has  been  found  in  36  cases. 

Treatment. — The  appendix  when  found  in  the  hernial  sac  should, 
as  a  general  rule,  be  removed,  unless  there  are  strong  contraindications. 
If  the  appendix  is  found  in  a  femoral  sac.  it  may  be  wiser  in  some  cases 
to  return  it,  for  the  reason  that  it  may  not  be  possible  to  bring  the  cecum 
down  sufficiently  into  view  to  make  a  satisfactory  removal. 
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In  cases  of  appendicitis  complicated  with  inguinal  hernia  the  operation 
advocated  by  Torek  is  much  to  be  commended.  This  consists  in  pro- 
longing the  oblique  skin  incision  upward  by  about  one  inch  and  then 
also  carrying  up  the  incision  in  the  aponeurosis  a  little  higher  than  usual. 
By  retracting  the  aponeurosis  well,  one  is  able  to  do  the  typical  gridiron 
method  of  McBumey.  After  the  appendix  has  been  removed,  the  ap- 
pendix incision  may  be  closed  as  far  as  the  aponeurosis  and  then  the 
usual  Bassini  method  be  employed  for  the  hernia.  I  have  used  this 
method  in  several  cases  with  much  satisfaction. 


HERNIA  OF  THE  URETER. 

The  ureter  has  been  found  in  both  inguinal  and  femoral  hernia;  how- 
ever, the  condition  is  an  extremely  rare  one.  A  most  careful  study  of 
the  subject  has  been  made  by  Carli,*^  of  Pavia,  Italy,  who  was  able  to 
collect  but  nine  cases  from  the  literature,  to  which  he  added  two  ob- 
served at  Muscatello's  clinic.  These  hernias  may  be  divided  into  two 
groups:  (1)  Simple  ureteral  hernia — those  in  which  the  ureter  only  has 
entered  the  hernial  sac;  (2)  ureteral  hernia  combined  with  rupture  of 
the  bladder,  in  which  cases  both  ureter  and  bladder  are  found  in  the  sac. 

This  classification  holds  good  for  both  inguinal  and  crural  hernia. 
Of  the  11  cases  reported  by  Carii,  6  were  inguinal,  5  crural;  only  2  oc- 
curred in  oblique  inguinal  hernia,  the  remaining  4  in  direct  hernia  in 
combination  with  a  portion  of  the  bladder.  All  occurred  on  the  right 
side. 

The  crural  variety  were  all  simple  ureteral  hernias,  two  occurring  on 
the  right,  three  on  the  left  side. 

The  ages  of  the  patients  ranged  between  nine  and  sixty-three  years. 

All  the  ureteral  hernias  of  the  crural  variety  occurred  in  women;  all 
the  inguinal  in  men. 

The  etiology  is  obscure.  Reichel*'  believes  that  a  possible  explana- 
tion may  be  found  in  the  assumption  of  adhesions  occurring  between  the 
testicle  and  ureter  during  intrauterine  life,  in  consequence  of  which  the 
ureter  is  dragged  downward  by  the  testicle  into  the  vaginoperitoneal 
canal.  Thus  far  there  is  no  proof  of  such  origin,  as  all  the  cases  hitherto 
reported  have  apparently  been  caused  by  a  sliding  process  similar  to  that 
observed  in  many  cases  of  sliding  hernia  of  the  cecum  or  sigmoid. 


HERNIA  OF  THE  BLADDER. 

The  etiology  of  bladder  hernia  is  most  obscure.  It  has  been  supposed 
until  very  recently  that  bladder  hernia  was  a  condition  found  only  in 
adult  life,  but  as  the  number  of  operations  for  hernia  in  children  has 
greatly  increased  within  the  last  few  years,  it  has  been  found  that  hernia 
of  the  bladder  occurs  nearly  as  frequently  in  children  as  in  adults. 

Carmichael**  reports  3  cases  of  bladder  hernia  in  152  operations  for 
hernia  in  children,  44  of  which  were  under  the  age  of  one  year. 

At  the  Hospital  for  Ruptured  and  Crippled,  only  3  cases  of  bladder 
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hernia  have  been  observed  in  upward  of  1900  operations  for  the  radical 
cure  of  hernia  in  children  between  four  and  fourteen  years  of  age. 

Dilatation  of  the  bladder,  weakness  of  the  bladder  waU,  loss  of  nor- 
mal power  of  contractility,  associated  with  a  hernia  already  well  de- 
veloped, are  supposed  to  be  more  or  less  important  factors  in  the  etiology 
of  bladder  hernia. 

While  hernia  of  the  bladder  was  first  recognized  by  Platerus  in  the 
early  part  of  the  seventeenth  century,  it  is  of  comparatively  rare  occur- 
rence. Brunner,**  in  1890,  was  able  to  collect  only  180  cases,  of  which 
136  were  inguinal,  122  occurring  in  males;  29  femoral  bladder  hernia,  27 
occurring  in  women.  Bladder  hernia  may  be  intraperitoneal,  extra- 
peritoneal, or  paraperitoneal.  Of  Brunner's  cases,  5  were  extraperitoneal, 
18  intraperitoneal,  and  100  paraperitoneal.  In  only  13  of  the  180  cases 
was  the  diagnosis  made  before  operation.  Even  during  operation  the 
condition  has  often  remained  unrecognized  until  the  bladder  was  acci- 
dentally opened,  and,  in  some  cases,  with  disastrous  results.  One  of  the 
most  important  signs  pointing  to  bladder  hernia  is  the  presence  of  a  mass 
of  extraperitoneal  fat  in  the  upper  and  inner  portion  of  the  sac.  In  the 
event  of  opening  the  bladder,  the  best  method  of  treatment  is  immediate 
closure  with  interrupted  sutures, in  two  layers;  the  bladder  is  then  reduced 
into  the  abdominal  cavity.  The  bladder  should  be  drained  by  a  catheter 
left  in  the  urethra  for  three  or  four  days.  In  addition,  it  is  wise  to  insert 
a  small  cigarette  drain  in  the  hernial  wound,  to  the  site  of  the  bladder 
wound  in  case  of  leakage.  In  some  cases  the  injury  to  the  bladder  has 
not  been  recognized  until  after  the  operation  was  completed.  In  such 
instances  the  wound  should  be  immediately  reopened  and  the  bladder 
treated  as  just  described. 


HERNIA  OF  THE  UTERUS,  TUBE,  AND  OVARY. 

Hernia  of  the  uterus  is  very  rare,  only  37  cases  having  been  reported 
up  to  1905  (Hilgreiner**).  The  condition  is  most  often  found  in  middle- 
aged  women  who  have  borne  children.  In  nearly  one-half  of  the  reported 
cases  the  condition  was  associated  with  defects  and  malformations  of  the 
genital  tract,  e.  g.,  uterus  bicomis,  uterus  bipartis,  uterus  duplex,  or 
absence  of  one  ovary,  or  pseudo  and  true  hermaphrodism. 

The  uterus  has  been  found  more  often  on  the  right  side  than  on  the 
left  in  inguinal  hysterocele.  The  uterus  has  very  seldom  been  found 
alone  in  the  sac,  but  usually  in  conjunction  with  the  tube  or  ovary  or 
with  a  portion  of  the  bowel;  in  six  of  the  reported  cases  a  loop  of  small 
intestine  was  present.  In  a  few  cases  a  testis  was  found  in  addition  to 
the  uterus.  In  eight  cases  in  which  the  condition  was  complicated  with 
pregnancy  the  diagnosis  was  made  before  operation,  but  rarely  in  the 
other  cases.  In  most  instances  a  careful  bimanual  examination,  together 
with  the  history  of  the  case,  should  enable  the  sui^geon  to  make  the 
diagnosis.  The  conditions  most  hkely  to  simulate  hernia  of  the  uterus  are 
hernia  of  the  tube  and  ovary,  irreducible  omentum,  and  extrauterine 
pregnancy. 
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Treatment. — The  hernia  is  usually  irreducible  and  early  operation 
is  the  only  treatment  to  be  considered.  The  result  of  the  operation  de- 
pends generally  upon  whether  the  uterus  is  gravid  or  not.  In  the  eight 
cases  associated  with  pregnancy,  cesarean  section  was  performed  in  five, 
the  children  living  in  each  instance,  while  in  four  out  of  the  five  cases  the 
mothers  died.  (It  should  be  noted,  however,  that  all  these  cases  occurred 
in  pre-antiseptic  times.)  In  three  cases  incarceration  of  the  hernia  was 
present.    If  operation  is  not  too  long  delayed ,  the  prognosis  should  be  good. 

F.  T.  Andrews,*^  of  Chicago,  has  made  the  most  complete  collection  of 
hernias  of  the  female  pelvic  organs  so  far  published.  He  reports  366 
cases,  of  which  46  were  hernia  of  the  tube,  without  the  ovary;  80,  hernia 
of  the  ovary  and  tube;  176,  hernia  of  the  ovary  without  the  tube  or  latter 
not  mentioned;  43,  hernia  of  the  non-gravid  uterus;  30,  hernia  of  the 
pregnant  uterus. 

Of  the  46  cases  of  hernia  of  the  tube  without  the  ovary,  27  were  ingui- 
nal and  14  femoral,  2  obturator,  and  in  3  the  variety  is  not  stated. 

The  ages  of  the  patients  ranged  between  birth  and  forty-six  years. 

Seventeen  of  the  27  cases  of  inguinal  hernia  recovered  after  operation; 
3  died.     In  5  the  hernia  was  found  post-mortem. 

Andrews  states  that  hernias  of  the  Fallopian  tube  without  the  ovary 
constitute  10  per  c^nt.  of  the  published  cases  of  hernia  of  the  pelvic  organs. 
At  the  Hospital  for  Ruptured  and  Crippled  we  have  had  4  cases  of  tube 
and  ovary  in  the  hernial  sac  and  have  operated  on  two  additional  cases. 


UMBILICAL  HERNIA. 

There  are  three  varieties:    (1)  Congenital  hernia  of  the  cord;    (2) 
infantile  lunbilical  hernia;  (3)  umbilical  hernia  of  adult  life. 


Fia.  63. — Hernia  of  the  Umbilical  Cord  (Author's  case). 

Hernia  of  the  Umbilical  Cord. — Congenital  hernia  of  the  imibilical 
cord  is  an  extremely  rare  condition.     According  to  Lindfors,  it  occurs  only 
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once  in  5184  cases.  It  is  due  to  imperfect  agglutination  of  the  visceral  plates 
in  the  region  of  the  umbilicus  during  fetal  life.  This  type  of  hernia  is, 
strictly  speaking,  not  so  much  an  actual  protrusion  of  the  abdominal  viscera 
as  it  is  an  imperfect  closure  of  the  viscera  by  the  abdominal  wall  during 
fetal  life.  Not  infrequently  this  variety  of  hernia  is  associated  with  other 
developmental  defects,  e.  gf.,  hare-Up.  The  condition  more  closely  re- 
sembles ectopia  of  the  bladder  than  a  true  hernia.  The  covering  of  a  hernia 
of  the  umbilical  cord  consists  of:  (1)  a  thin  layer  of  Wharton's  jelly;  (2)  a 
thin  membrane  or  sac  which  is  continuous  with  the  parietal  peritoneum. 

These  two  layers  are  exceedingly  thin,  so  that  the  underlying  viscera 
can  be  easily  seen  and  recognized. 

The  size  of  the  hernia  varies  from  ^ 

that  of  an  English  walnut  to  the  size 
of  a  child's  head  and  complete  even- 
tration. Only  four  cases  have  been 
observed  at  the  Hospital  for  Rup- 
tured and  Crippled  during  the  last 
eighteen  years  in  a  total  of  over 
75,000  cases  of  hernia;  two  of  these 
I  operated  upon  within  a  single 
week.  The  other  two  cases  were 
of  smaller  size  and  were  cured  by 
mechanical  means.  In  cases  of 
small  size  the  only  thing  pointing  to 
a  hernia  of  the  umbilical  cord  may 
be  an  abnormal  thickening  of  the 
cord  near  the  base,  and  in  such 
cases  it  is  well  to  tie  the  cord  at 
some  distance  from  the  abdominal 
wall,  as  otherwise  the  intestine 
might  be  injured.  In  hernia  of  any 
size  the  diagnosis  is  easy. 

Treatment. — If  the  hernia  is  of 
small  size  a  cure  may  be  obtained 
without  operation  by  carefully 
cleansing  the  parts,  keeping  them 
as  nearly  aseptic  as  possible,  apply- 
ing pressure  to  the  hernial  tumor 
by  means  of  straps  of  adhesive 
plaster  encircling  the  entire  abdomen 
manner  with  perfect  result. 

In  the  case  of  a  hernia  of  the  umbilical  cord  of  large  size,  operation 
is  required.  In  one  of  my  own  cases  I  removed  as  far  as  possible  the 
outer  layer  of  Wharton's  jelly,  not  opening  the  peritoneal  cavity.  The 
edge  of  the  abdominal  wall  at  the  base  of  the  hernial  tumor  was  then  cut 
away  sufficiently  to  leave  a  raw  surface  on  either  side;  then,  by  means 
of  silk  and  silkworm-gut  sutures,  an  attempt  was  made  to  close  the  opening 


Fig.  54. — Hernia  of  the  Umbiucal  Cord 
(Author's  case). 


I  have  treated  two  cases  in  this 
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as  far  as  possible.  The  tension  of  the  sutures  was  relieved  by  strips  of 
rubber  plaster.  In  some  cases  it  will  be  impossible  to  bring  the  edges 
into  apposition,  yet  even  then  something  will  be  gained  by  the  sutures 
by  way  of  partial  closure  greatly  diminishing  the  size  of  the  opening.  The 
wound  requires  careful  daily  dressing.  In  some  cases  it  may  be  wise  to 
do  an  intraperitoneal  operation,  but  I  believe  that  most  of  the  cases  can 
be  successfully  treated  without  opening  the  peritoneal  cavity.  The  most 
favorable  time  for  operation  is  the  second  or  third  day. 

The  prognosis  is  good,  considering  the  serious  nature  of  the  con- 
dition. MacDonald,  in  1890,  collected  31  cases,  of  which  12  were  treated 
by  bandage  compression,  with  9  deaths,  and  12  were  treated  by  operation 
with  2  deaths.     Lindfors,  in  1893,  collected  44  cases;  of  these,  32  were 

treated  by  operation, 
with  6  deaths. 

Ritterhaus  **  has 
collected  153  cases  of 
hernia  of  the  umbilical 
cord  up  to  the  begin- 
ning of  1907. 

As  regards  the 
treatment  employed, 
Adler  (Dissertation, 
Zurich,  1904)  found  72 
laparotomies  recorded 
up  to  1904,  since  which 
time  22  further  laparo- 
tomies have  been  re- 
ported. Of  these  94 
cases,  65  were  cured; 
29  died  within  a  few 
days  after  operation. 
This  gives  a  mortality  of  31  per  cent,  in  an  affection  which,  up  to  the 
beginning  of  the  last  century,  was  generally  considered  as  fatal. 

Umbilical  Hernia  in  Children,  or  Infantile  Hernia.— Umbilical 
hernia  is  far  more  common  during  the  first  year  of  life,  and  at 
this  period  it  is  found  with  almost  equal  frequency  in  the  two  sexes. 
This  is  true  up  to  the  age  of  ten  years.  Of  209  cases  of  umbilical  hernia 
in  males  observed  by  Macready,  108,  or  more  than  50  per  cent.,  occurred 
during  the  first  year  of  life;  while  of  566  in  the  female,  100  occurred 
during  the  first  year  of  life.  Only  2  males  and  13  females  developed 
umbilical  hernia  between  the  age  of  six  and  twenty  years.  In  brief, 
one-half  of  the  cases  of  umbilical  hernia  in  the  male  occurred  in  the  first 
year  of  life,  against  one-fifth  in  umbilical  hernia  in  the  female.  After 
the  age  of  twenty  the  number  begins  to  increase  slowly  in  males  and 
rapidly  in  females,  owing  to  the  beginning  of  the  child-bearing  period. 
Taken  as  a  whole,  umbilical  hernia  is  2.7  times  more  common  in  the  female 
than  in  the  male.    At  the  Hospital  for  Ruptured  and  Crippled  our  statistics 


Fig.  55. — Largk  Umbilical  Hernia  in  an  Infant. 
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show  the  following  relative  proportions  between  the  sexes  of  inguinal, 
femoral,  and  umbilical  hernia: 

Inguinal  Hernia.    Femoral  Hernia.    Umbilical  Hsknia. 

Male 48,252  990  2596 

Female 8,726  2414  4622 

MacreadyV  statistics  at  the  London  Truss  Society  are  as  follows: 

Inguinal  Hernia.    Femoral  Hernia.   Umbilical  Hernia. 

Of  100  males 96.33  2.53  1.14 

Of  100  females 50.5  33.5  15.8 

Among  100  ruptured  persons  are:  Inguinal,  male,  83.5  per  cent.; 
inguinal,  female,  8.5  per  cent.;  femoral,  female,  5.9  per  cent.;  femoral, 
male,  2.1  per  cent. 

In  the  normal  infant  the  umbilical  opening  in  the  abdomen  is  just 
large  enough  to  allow  the  passage  of  the  umbilical  cord  and  vessels. 
After  the  cord  has  separated  there  remains  a  small  area  of  granulation 
which  quickly  heals.  In  many  infants  this  opening  is  abnormally  large 
and  the  thin  tissue  gradually  yields  to  the  intra-abdominal  pressure  with 
the  result  that  an  infantile  umbilical 
hernia  is  produced.  The  vein  occupies 
the  upper  part  of  the  cord  and,  being 
less  firm  than  the  artery,  the  hernia 
usually  appears  at  the  upper,  rather 
than  the  lower,  margin  of  the  ring. 
Such  hernias  vary  much  in  size,  rang- 
ing from  the  size  of  a  cherry  to  that  of 
an  egg.  Many  disappear  spontaneously 
from  the  gradual  obUteration  of  the 
opening  due  to  the  development  of  the 

abdominal  muscles.  Strangulation  is  extremely  rare.  Inasmuch  as 
nearly  all  cases  may  be  cured  by  mechanical  support,  operation  is 
seldom  advised. 

The  method  of  treatment  has  already  been  described  under  Treatment 
of  Hernia  in  General. 

Large  Umbilical  Hernia  of  Adults.— Here  we  have  an  en- 
tirely different  class  of  cases.  The  majority  develop  in  women  who 
have  borne  children  and,  hence,  appear  between  the  ages  of  thirty  and 
forty.  They  are  most  often  found  in  stout  persons  who  have  borne  several 
children.  As  the  fatty  layers  of  the  abdominal  wall  increase,  the  muscles 
decrease  in  size  and  tone  and  the  resulting  relaxation  affords  a  favorable 
condition  for  the  development  of  umbilical  hernia.  In  the  very  fat  the 
hernia  may  attain  considerable  size  without  showing  any  noticeable  tumor. 
In  umbilical  hernia  in  adults,  especially  in  women,  there  is  a  strong 
tendency  to  early  adhesions  between  the  contents  of  the  sac  and  the  sac. 
The  omentum  is  always  found  in  this  variety  of  hernia,  either  alone  or 
in  conjunction  with  the  intestine.  The  colon  is  more  frequently  found 
than  the  small  intestine,  though  in  very  large  hernias  both  large  and 


Fig.  56. — Umbiucal  Hernia  in  Adult. 

Adherent  .  omentum.     Protrusion    absent 

by  reason  of  thick  layer  of  fat. 


86 


HERNIA. 


Fia.  57. — Large  Umbiucal  Hernia.     Inoperable. 


small  intestine  may  be 
present.  I  recently  oper- 
ated upon  a  case  of  verj" 
large  recurrent  umbilical 
hernia,  nearly  twice  the 
size  of  the  adult  head,  in 
which  the  sac  contained 
the  transverse  colon,  sig- 
moid, cecum  and  appen- 
dix, practically  the  entire 
small  intestine,  and  the 
stomach.  There  was  a 
strong  tendency  to  the  for- 
mation of  trabecule  and 
diverticula  in  the  sac,  di- 
viding the  cavity  of  the 
sac  into  a  number  of  sep- 
arate compartments. 

The  diagnosis  of  um- 
bilical hernia  in  adults  is 
not  usually  difficult.  There 
is  nearly  always  a  history 
of  slow  development  of  a 
tumor,  at  first  reducible,  later  becoming  irreducible,  often  increasing 
in  size,  especially  with  any  increase  of  intra-abdominal  pressure. 

Physical  examination  will 
show  the  characteristic  ''feel" 
of  omentum  or  of  omentum 
and  bowel  combined,  in  which 
case  a  tympanitic  note  will 
appear  on  percussion  over  cer- 
tain areas.  The  only  condi- 
tion Ukely  to  be  mistaken  for 
such  a  hernia  would  be  a  sub- 
peritoneal lipoma  in  the  region 
of  the  umbilicus.  However, 
such  tumors  are  not  likely  to 
appear  at  the  exact  site  of 
the  umbilicus  and  the  history 
of  their  development  is  quite 
different.  There  is  never  a 
period  of  reducibility ;  the  gas- 
tric disturbances  which  are  fre- 
quently seen  in  umbilical  hernia 
are  absent  in  lipoma.  Besides, 
subperitoneal  lipoma  in  the  um- 
bihcal  region  is  a  very  rare  con- 

j.. .  Fig.  58. — Umbilical    Hernia  with  Small  Pedi- 

dltion.  CLE. 
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Accidents  and  Dangers  Connected  with  Umbilical  Hernia  in 
Adults. — The  omentum  at  first  becomes  adherent  and  later  the  intestine 
is  present.  Attacks  of  obstruction  and  inflammation  are  fairly  frequent; 
even  strangulation  is  not  rare.  Strangulated  umbilical  hernia  is  a  far 
more  serious  condition  than  strangulation  in  the  inguinal  and  femoral 
varieties,  and  the  mortality  is  not  far  from  50  per  cent.  Blake,*'  of  New 
York,  has  operated  upon  a  remarkable  series  comprising  eight  cases  with 
three  deaths,  or  a  mortahty  of  37.5  per  cent.  Resection  was  done  in 
four  cases  with  two  deaths.  In  four  cases  no  resection  was  performed 
and  three  of  these  were  cured. 

In  very  rare  cases  suppuration  may  take  place  as  a  result  of  infection,  most 
often  of  the  colon  bacillus,  from  the  adherent  intestine,  or  of  infection  from  an 
abrasion  of  the  skin.  I  recently  had  a  case  of  suppurating  omental  umbilical  hernia 
in  a  woman  sixty-four  years  of  age.  The  patient  was  very  stout  and  the  umbilical 
hernia  had  not  been  noticed  before.  She  was  suddenly  attacked  with  pain  in  the 
region  of  the  umbilicus,  had  a  temperature  of  102°  to  104®  and  marked  prostration. 
The  hernial  tumor  was  the  size  of  two  fists,  markedly  tender,  the  skin  was  reddened 
and  adherent;  the  leukocyte  count  w^as  30,000;  the  bowels  were  regular  with  no 
evidence  of  obstruction.  The  diagnosis  of  omental  hernia  was  made,  and  shortly 
afterward  an  opening  occurred  spontaneously  with  evacuation  of  about  a  pint  of 
fetid  pus.  Bacteriologic  examination  showed  a  pure  culture  of  colon  bacillus. 
The  adherent  omentum  could  be  felt  at  the  bottom  of  the  sac.  On  account  of  the 
age  of  the  patient  and  her  general  bad  condition,  no  radical  operation  was  performed. 
The  wound  was  enlarged  under  cocain  and  free  drainage  established.  The  patient 
made  a  good  recovery,  without  a  more  extensive  operation,  which  would  probably 
have  proved  fatal. 

Treatment  of  Umbilical   Hernia.— The  mechanical  treatment 

of  umbilical  hernia  in  adults  consists  in  applying  a  carefully  fitted 
abdominal  belt,  made  of  some  strong  material,  e,  g.,  Unen  duck  or 
canvas,  with  elastic  straps,  or  of  woven  silk  elastic  with  non-elastic  straps. 
The  front  of  the  belt  should  be  sufficiently  deep  to  prevent  it  from  chang- 
ing its  position  and  not  too  concave.  Most  cases  require  a  pad  of  some 
firm  material,  such  as  hard  rubber  or  wood,  covered  with  chamois  skin. 
A  flat,  convex  pad  is  preferable  in  reducible  hernia,  while  in  irreducible 
hernia,  especially  of  considerable  size,  a  concave  pad  should  be  used. 
The  size  of  the  pad  should  be  about  double  that  of  the  umbilical  ring. 
In  very  large  hernias  the  belt  may  require  support  from  the  shoulders. 

Operative  Treatment  of  Umbilical  Hernia. — Large  umbilical  hernia 
in  the  adult  is  one  of  the  most  difficult,  of  all  varieties  of  hernia  to  treat 
and  requires  the  exercise  of  the  greatest  judgment.  The  ideal  method  of 
treatment  would  be  immediate  operation  in  the  early  stages  and  before 
the  hernia  attains  any  great  size.  If  the  operation  were  done  at  this 
time  nearly  all  cases  could  be  cured,  and  we  should  not  have  to  deal  with 
the  enormous  irreducible  hernias  that  now  so  often  task  the  judgment 
and  skill  of  the  surgeon.  While  operation  should  seldom  be  advised  in 
umbilical  hernia  in  children,  it  should  always  be  advised  in  hernias  of 
small  or  moderate  size  in  adults.  Whether  we  should  operate  upon  the 
very  large  umbilical  hernias  containing  most  of  the  omentum  and  a  large 
portion  of  the  intestine,  bound  together  with  numerous  adhesions,  is  a 
question  upon  which  opinions  still  differ.  Up  to  very  recently  I  have  been 
incUned  to  advise  against  operation  in  such  cases,  on  the  ground  that 


88 


HERNIA. 


the  mortality  is  necessarily  considerable  and  that  recurrences  have  been 
numerous.  The  Mayos,"  of  Rochester,  Minn.,  have  proved  that  most 
cases  of  umbilical  hernia,  even  of  very  large  size,  can  be  really  cured  by 
the  overlapping  operation  which  they  devised  about  ten  years  ago,  so 
that  the  only  reason  that  still  obtains  against  operation  is  the  danger 
associated  with  operation.  The  operation  upon  such  cases  (the  very 
large  irreducible  hernias)  is  one  of  the  most  difficult  in  surgery,  and 
should  not  be  undertaken  without  large  experience  and  sufficient  well- 
trained  assistants,  and  even  then,  I  believe,  the  mortality  is  at  least  10 
per  cent. 

In  cases  in  which  operation  is  indicated,  the  Mayo  operation  is,  I 
believe,  by  far  the  best. 


Fio.  69. — Mayo'b  Operation  for  Umbiucal  Hernia  (Mayo). 


Mayo's  Operation  for  Umbilical  Hernia. — The  method  is  extremely 
simple  and  is  well  shown  by  the  accompanying  cuts  (Figs.  59, 60,  and  61). 
It  consists  in  a  large,  transverse,  elliptic  incision,  with  the  removal  of  the 
umbilicus  and  the  redundant  portion  of  skin  and  fat,  the  fascia  together 
with  the  omentiun,  if  adherent.  The  fascial  ring  is  then  enlarged  on  either 
side,  until  it  reaches  the  edge  of  the  rectus  muscles.  Then  the  fascia, 
including  the  peritoneum,  is  overlapped  by  means  of  interrupted  mat- 
tress sutures,  so  that  the  lower  layer  lies  underneath  and  the  upper  layer 
externally.  The  edge  of  the  upper  flap  is  then  fastened  down  upon  the 
surface  of  the  underlying  flap  by  continuous  suture,  after  which  the  skin 
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is  united.    The  Mayos  have  operated  upon  127  cases,  75  cases  of  which 
have  been  traced,  with  only  one  partial  relapse. 


Fzo.  60. — Mayo's  Operation  for  Umbiucal  Hernia,  Second  Step  (Mayo). 


Fio.  61. — MAyo^  Operation  for  Umbilical  Hernia,  Third  Step  (Mayo). 

These  results  are  far  superior  to  those  of  any  other  method  and  de- 
monstrate the  superiority  of  the  Mayo  operation. 
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Shortly  after  the  publication  of  the  Mayo  operation,  Blake,*  of  New  York, 
described  a  new  operation  for  umbilical  hernia,  consisting  in  vertical  overlapping 
from  side  to  side.  While  Blake  and  others  have  obtained  excellent  results  with 
this  method,  in  the  majority  of  cases  I  believe  the  Mayo  operation  to  be  preferable, 
except  in  cases  in  which  there  is  much  divarication  of  the  recti  muscles,  in  which 
event  Blake's  method  may  be  superior. 

Very  recently  Graser*  has  described  a  new  operation  for  large  umbilical  hernias 
which  has  some  points  in  common  with  both  Mayo's  and  Blake's  operations,  the 
transverse  skin,  as  likewise  the  transverse  fascia,  incision  being  the  same  as  in  Mayo's 
operation.  In  addition,  Graser  dissects  out  the  recti  muscles,  opens  their  sheath, 
and  unites  the  muscles  vertically,  and  then  closes  the  fascia  and  skin  transversely. 
While  eraser's  method  has,  theoretically,  some  advantages  over  the  Mayo 

operation,  it  is  more 
complicated  and  lacks 
the  overlapping  feat- 
ure of  the  Mayo  oper- 
ation, which  is  prob- 
ably the  most  import- 
ant step  of  all. 


VENTRAL  HERNIA. 

A  hernia  which 
protrudes  through 
some  other  portioa 
of  the  abdominal 
wall  than  the  ingui- 
nal, femoral,  and 
umbilical  rings,  is 
usually  termed  a 
ventral  hernia.  The 
most  frequent  sites 
are  the  linea  alba  or 
linea  semilunaris. 
When  occurring  be- 
tween the  umbilicus 
and  ensiform  car- 
tilage, they  are  usu- 
ally designated  epi- 
gastric. There  is 
another  class  of  her- 
nias characterized 
as  ventral,  though, 
strictly  speaking,  they  are  of  traumatic  origin,  due  to  imperfect  closure 
or  suppuration  of  the  abdominal  wall  after  surgical  operations.  In  these 
cases  there  is  seldom  a  true  sac,  but  a  gradual  thinning  out  of  the  scar 
tissue  of  the  incision. 

The  relative  frequency  of  epigastric  hernia  as  shown  by  Berger's 
statistics  (Paris)  is  137  in  10,000  cases,  120  males  and  17  females.  Mac- 
ready  found  only  38  cases  of  ventral  hernia  in  the  linea  alba  to  19,341 
cases  of  inguinal  and  femoral  hernia.  This  hernia  usually  appears  be- 
tween the  navel  and  ensiform  cartilage  and,  in  most  cases,  within  the 
first  three  inches  above  the  umbilicus.     Very  often  the  hernial  opening 


Fio.    62. — Vertical    Ovkrlappino     Method 
Hernia  (Blake). 
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is  a  transverse  slit  in  the  fascia,  apparently  due  to  a  congenital  defect. 
Hernias  at  the  upper  end,  nearer  the  ensiform  cartilage,  are  exceedingly 
rare. 

Epigastric  hernia  shows  several  types  or  varieties:  (1)  a  small  mass 
of  subperitoneal  fat,  without  any  sac;  (2)  in  addition  to  the  subperitoneal 
fat  a  process  of  parietal  peritoneum  attached  to  it,  without  any  contents; 
(3)  a  sac  containing  omentum;   (4)  a  sac  containing  intestine. 

In  nearly  all  cases,  except  in  children,  there  is  a  thick  layer  of  fat 
outside  of  the  sac.  Not  infrequently  these  hernias  are  multiple,  there 
being  two  or  three  small  openings  in  the  fascia,  a  short  distance  from 
one  another  and  separated  by  a  narrow  band  of  fascia.  Epigastric  her- 
nias are  seldom  of  large  size,  varying  from  the  size  of  a  walnut  to  the  size  of 
an  egg,  though  in  rare  cases  they 
may  reach  the  size  of  a  closed  fist. 
The  diagnosis  is  not  very  difficult. 
The  only  condition  closely  resem- 
bling an  epigastric  hernia  is  lipoma. 
If  the  lipoma  is  of  subperitoneal 
origin  it  may  show  all  the  charac- 
teristics of  an  omental  hernia,  even 
the  impulse  on  coughing.  This  type 
of  lipoma  is  often  associated  with 
an  epigastric  hernia,  and  has  been 
supposed  by  many  authors  to  be  an 
important  factor  in  the  develop- 
ment of  the  hernia,  the  lipoma  be- 
ing supposed  to  exert  sufficient 
traction  upon  the  parietal  perito- 
neum to  draw  it  out  until  it  be- 
comes a  true  hernial  sac.  An  ordin- 
ary lipoma,  superficial  to  the  fascia, 
will  be  more  movable  than  a  her- 
nia; it  will  show  no  impulse  on 
coughing,  and  one  can  usually  make 
out  the  fact  that  there  is  no  con- 
nection with  the  abdominal  cavity. 
In  women,  even  in  cases  of  adherent 

omentum,  one  can  usually  get  some  impulse  on  coughing,  and  nat  infre- 
quently the  contents  of  the  hernial  sac  become  noticeably  enlarged.  The 
contents  of  the  hernial  sac  usually  consist  of  omentum  alone.  Graser  (von 
Bergmann's ''  Surger>%"  article  on  Hernia)  states  that  the  majority  of  cases 
contain  omentum  and  transverse  colon,  but  this  has  not  been  found  in 
the  cases  observed  at  the  Hospital  for  Ruptured  and  Crippled. 

Symptoms. — In  many  cases  there  are  practically  no  symptoms, 
while  in  others  the  symptoms  appear  more  severe  than  might  be  expected 
from  so  small  a  hernia.  Nausea  and  vomiting,  discomfort,  dull  dragging 
pains  in  the  epigastrium,  are  the  most  conmion  symptoms. 

Treatment. — While  some  authorities  (Macready)  state  that  epigas- 


Fxo.  63.— Ventral  Hernia. 


92  HERNIA. 

trie  hernias  are  best  treated  with  an  umbilical  truss,  others,  includ- 
ing Graser,  say  that  trusses  are  generally  useless,  and  a  small  epigastric 
hernia  in  itself  is  perfectly  harmless.  There  is  no  chance  of  effecting  a 
cure  of  an  epigastric  hernia  by  mechanical  treatment,  and  while  the 
danger  of  strangulation  in  this  type  of  hernia  is  not  great,  there  is  a 
practical  certainty  that  the  hernia  will  increase  in  size  and  will  prove  a 
source  of  greater  and  greater  annoyance  and  discomfort.  For  these 
reasons  I  believe  a  radical  operation  is  indicated  in  all  cases  in  which 
there  are  no  contraindications.  The  type  of  operation  to  be  recommended 
is  the  Mayo  operation  for  umbilical  hernia.  The  results  of  this  opera- 
tion for  epigastric  hernia  observ^ed  at  the  Hospital  for  Ruptured  and 
Crippled  have  thus  far  been  perfect. 

Hernia  at  the  outer  border  of  the  rectus  muscle  (hernia  linea  semilu- 
naris) has  been  described  by  Macready  and  others.  This  hernia  is  very 
rare.  It  may  occur  in  children,  but  is  most  often  seen  in  adults.  It  has 
sometimes  been  grouped  with  limibar  hernia;  it  is  most  often  seen  below 
the  umbilicus  and  near  the  pubis.  Macready  found  only  14  such  cases 
in  the  surgical  literature  and  9  in  the  records  of  the  London  Truss  Society 
during  a  period  of  twenty  years. 

Ventral  Hernia  Following  Laparotomy.— Hernias  following 
abdominal  section  are  far  less  frequently  found  than  a  decade  or 
more  ago,  when  the  technic  of  closing  the  abdominal  wall  was  less  per- 
fect. At  the  Hospital  for  Ruptured  and  Crippled  200  cases  of  ventral 
hernia  have  been  observed  within  ten  years.  The  size  of  the  hernia 
varies  from  that  of  a  walnut,  to  almost  complete  eventration. 

A  study  of  the  methods  of  closure  of  the  abdominal  wall  shows  a 
greater  proportion  of  hernias  following  a  single  through-and-through 
suture  of  the  abdominal  wall  than  closure  by  means  of  separate  layers. 
Abel  states  that  of  586  patients  examined  after  abdominal  section,  20 
per  cent,  showed  a  hernia  following  single  layer  suture,  while  only  9  per 
cent,  were  found  after  suture  in  separate  layers. 

Noble,*^  of  Philadelphia,  has  applied  Championni^re's  method  of  over- 
lapping the  fascia  in  inguinal  hernia  to  all  operations  for  abdominal 
section,  and  states  that  in  the  last  five  years  he  has  not  had  a  hernia 
following  abdominal  section. 

In  addition  to  the  method  of  closure,  the  nature  of  the  wound  healing 
has  an  important  bearing  upon  the  subsequent  development  of  a  hernia. 
Abel  states  that  in  cases  in  which  suppuration  lasted  two  weeks,  a  hernia 
followed  in  40  per  cent.;  when  it  lasted  three  weeks,  a  hernia  followed 
in  50  per  cent. ;  and  after  four  weeks'  suppuration  a  hernia  developed  in 
65  per  cent. ;  cases  with  over  four  weeks*  suppuration  showed  a  hernia  in 
80  per  cent.  Of  the  suppurative  cases,  those  sutured  by  the  through- 
and-through  method  showed  twice  as  great  a  tendency  to  the  formation 
of  a  hernia  as  those  sutured  in  separate  layers. 

The  symptoms  associated  with  ventral  hernia  following  laparotomy 
are  not  unlike  those  seen  in  umbilical  hernia  in  general ;  they  are  apt  to 
be,  however,  more  severe,  for  the  reason  that  the  adhesions  are  often 
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greater.  The  covering  of  the  hernia  is  usually  the  thinned-out  cicatrix 
instead  of  skin;  hence  it  is  far  more  liable  to  ulcerate. 

Treatment. — In  children  and  young  adults  in  good  health  operation 
should  be  performed  by  applying  the  principle  of  overlapping  the  fascia. 
Very  large  hernias  may  be  permanently  cured  by  this  operation.  It  is 
wise  to  make  the  incision  a  little  to  the  outer  border  of  the  scar  in  order 
to  avoid  wounding  the  intestine  and  omentum,  which  are  usually  adhe- 
rent to  the  scar.  The  en- 
tire scar  should  always  be 
removed. 

DIAPHRAGBIATIC    HER- 
NIA. 

This  term  has  usually 
been  employed  in  its 
widest  sense,  to  include 
not  only  the  true  hernias 
through  the  diaphragm, 
but  false  hernias  as  well. 
A  true  diaphragmatic 
hernia  alw^ays  has  a  sac, 
and  may  be  either  con- 
genital or  acquired.  The 
condition  is  compara- 
tively rare.  The  largest 
collection  of  cases  (Gros- 
ser and  Thoma")  con- 
tained 433  cases,  232  of 
which  were  congenital, 
181  acquired.  Of  the  con- 
genital hernias,  30  only 
were  true  hernias;  and  of 
the  acquired,  10.  This 
variety  of  hernia  is  more 
frequently  found  on  the 
left  than  on  the  right  side, 
in  the  proportion  of  2  to  1 
in  the  true,  and  6  to  1  in 
the  false  hernias.  This 
greater  frequency  on  the 
left  side  is  partly  ex- 
plained by  the  position  of 

the  liver  on  the  right  side,  w^hich  acts  as  a  barrier,  protecting  the  dia- 
phragm, and  partly  by  the  fact  that  in  traumatic  direct  hernia,  especially 
from  stab  wounds,  the  wounds  are  more  frequently  found  upon  the  left 
side  of  the  abdomen. 

Although  the  diagnosis  has  been  made  in  only  six  instances,  there  are 
certain  fairly  characteristic  signs  which  should  make  one  suspect  the 


Flo.  64. — A    Newborn   Child   with   a   True   Left-bided 
Congenital  Diaphragmatic  Hernia  (Sultan). 
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existence  of  a  diaphragmatic  hernia.  The  most  important  physical 
sign  is  dextra  cardia,  or  displacement  of  the  heart  to  the  right  side.  An- 
other sign  is  an  area  of  tympanitic  resonance  over  the  thorax.  This 
area  is  apt  to  vary  in  size  at  different  times.  As  the  stomach  is  often 
found  to  be  the  contents  of  a  diaphragmatic  hernia,  the  injection  of 
bismuth  into  the  stomach,  and  then  taking  an  x-ray  photograph,  will 
show  the  abnormal  position  of  the  oi^an.  Digestive  disturbances,  gas- 
tric pain,  and  nausea  are  often 
present.  These  symptoms  fre- 
quently come  on  suddenly  and 
vary  greatly  in  intensity.  In 
cases  of  traumatic  origin,  in 
which  the  hernia  develops  sud- 
denly, the  symptoms  may  be 
ver\'  severe,  depending  upon  the 
amount  of  intestine  forced  into 
the  thoracic  cavity.  In  some  in- 
stances there  may  be  very  great 
dyspnea  and  cyanosis.  Occasion- 
ally, especially  in  the  new-bom, 
the  entire  contents  of  the  abdo- 
men is  found  in  the  thoracic  cav- 
ity. In  many  cases  of  injury  to 
the  diaphragm,  especially  stab 
and  gunshot  wounds,  the  tumor 
does  not  develop  until  some  time 
after  the  injury.  Of  36  cases  of 
injury  to  the  diaphragm  collected 
by  Loscher,**  21  died  of  diaphrag- 
matic hernia,  5  the  first  day,  10 
the  first  month,  5  within  five 
years,  and  5  in  twenty  years. 

Treatment.— Rydygier  ad- 
vises an  osteoplastic  flap  of  the 
ribs,  cutting  them  externally  and 
using  the  sternocostal  articula- 
tion as  a  hinge.  This  would  be 
impossible  in  adults.  Resection 
of  the  ribs  is  preferable  in  most 
cases.  Suture  of  the  opening  of  the  diaphragm  is  difficult,  and  sutures, 
when  put  in,  are  apt  to  tear  out.  Some  surgeons  have  advised  sewing 
the  stomach  into  the  hernial  orifice.  If  the  diagnosis  of  strangulated 
diaphragmatic  hernia  is  made,  it  is  better  to  first  do  a  laparotomy  and 
try  to  reduce  the  contents  of  the  hernia  into  the  abdominal  cavity 
by  traction,  and,  if  successful,  then  to  attempt  to  close  the  opening. 
If  unsuccessful,  it  may  be  wise  to  resect  the  ribs  and  approach  the  hernia 
from  the  thoracic  side.     Most  of  the  methods  hitherto  proposed  have 


Fio.   65. — A    Newborn    Child    with   a    False 
Left-bided  Congenital  Diaphragmatic  Her- 
nia (Sultan). 
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been  recommended  solely  on  theoretic  grounds,  and  thus  far  have  re- 
ceived no  practical  test  of  their  efficiency. 

According  to  Benno-Schmidt,  15  per  cent,  of  all  cases  of  diaphragmatic  hernia 
have  died  of  incarceration.  Nevertheless  Martin,  in  1904,  was  able  to  collect  but 
15  operations  for  incarcerated  hernia,  which  number  included  one  of  his  own  cases. 
Vayninger**  collected  77  cases  of  diaphragmatic  hernia  treated  by  operation;  52. 
of  these  were  free  hernias,  25  incarcerated.  To  the  latter  he  adds  one  case  recently 
operated  upon  at  v.  Bruns'  clinic.  In  8  of  the  incarcerated  cases  the  diagnosis  was 
made  only  at  autopsy.  Methling  in  a  recent  publication  speaks  of  but  one  operative 
cure  of  an  incarcerated  diaphragmatic  hernia. 

According  to  Vayhinger's  table,  10  of  the  26  cases  of  incarcerated  diaphragmatic 
hernia  operated  upon  were  of  congenital,  16  of  traumatic,  origin. 

In  10  instances  the  diagnosis  was  made  before  operation,  in  8  during  and  in  8 
after  operation. 

An  abdominal  operation  was  performed  in  22  cases;  4  were  operated  upon  trans- 
pleurally.     Only  6  of  the  entire  number  were  cured;  20  resulted  fatally. 

Of  the  cases  in  which  the  diagnosis  was  made  before  operation,  3  were  operated 
upon  by  the  transpleural  route  (2  cures  and  1  death),  7  by  laparotomy  (3  cures  and 
4  deaths  very  soon  after  operation). 

Vayhinger  believes  the  transpleural  method  decidedly  superior  to  abdominal 
laparotomy. 

HERNIA  OF  THE  STOBIACH. 

This  is  usually  a  type  of  diaphragmatic  hernia  in  which  the  stomach  happens 
to  form  a  portion  or  all  of  the  contents  of  the  hernia.  In  exceedinglv  rare  cases 
the  stomach  has  been  found  in  the  contents  of  an  inguinal  or  femoral  hernia;  also 
in  congenital  hernia  of  the  cord  and  in  post-operative  ventral  hernisC. 

Of  63  cases  collected  by  Knaggs,**  34  were  congenital.  The  next  in  order  of 
frequency  is  the  traumatic  variety,  21  cases,  of  which  7  were  due  to  stab  wounds, 
7  to  contusions,  6  to  falls,  and  1  to  the  patient's  bein^  run  over.  Acquired  diaphrag- 
matic hernias  are  the  least  common  of  the  three  varieties,  only  8  cases  being  reported  by 
"Knaggy.  This  type  of  hernia  is  much  more  chronic  in  its  course;  it  may  be  dis- 
tinguished from  the  other  two  varieties  by  the  presence  of  a  sac.  Of  the  8  cases 
collected  by  Knaggs,  3  were  on  the  right,  4  on  the  left  side,  and  1  on  both  sides  of 
the  thorax.  In  3  cases  the  hernia  protruded  through  a  dilated  esophageal 
opening.  According  to  Knag^,  the  stomach  formed  the  contents  of  the  sac  in  only 
9  cases;  stomach  and  part  of  jejunum  in  3  cases;  stomach  and  omentum  in  5  cases; 
stomach  and  spleen  in  3  cases;  stomach,  spleen,  pancreas,  and  colon  in  5  cases; 
stomach,  spleen,  and  transverse  colon  in  6  cases;  stomach  and  colon  in  22  cases: 
stomach,  liver,  and  small  intestine  in  3  cases;  stomach,  spleen,  liver,  omentum, ana 
small  intestine  in  2  cases;  almost  all  abdominal  viscera  in  1  case. 

OBTURATOR  HERNIA. 

This  form  of  hernia  was  first  described  by  Amaud  de  Ronsel,  in  1720. 
This  condition  is  extremely  rare,  only  200  cases  having  been  reported. 
The  diagnosis  has  rarely  been  made  until  strangulation  had  occurred, 
and  even  then  the  true  condition  has  not  been  made  out  until  after  opera- 
tion had  been  performed  on  the  supposition  that  the  patient  was  sufifer- 
ing  from  intestinal  obstruction  of  unknown  origin. 

Beiger  found  only  one  case  in  10,000  hernias  observ^ed  at  the  Soci^t^ 
des  Bandages,  in  Paris,  while  at  the  Hospital  for  Ruptured  and  Crippled 
not  a  single  case  has  been  noted  in  upward  of  75,000  cases  observed  since 
1890.  The  fact  that  this  variety  is  so  seldom  recognized  is  due  to  the 
anatomic  difficulties  associated  with  the  condition.  Fig.  66  shows  the 
obturator  opening  covered  with  a  thin  membrane  of  fascia  in  which  there 
is  a  cleft  or  opening  for  the  passage  of  the  nerves  and  vessels.  On  the 
inner  or  pelvic  side  the  foramen  is  covered  with  the  obturator  intemus, 
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while  more  externally  are  situated  the  obturator  extemus  and  pectineus 
muscle.  Hence,  the  hernia  must  first  push  in  front  or  to  one  side  these 
muscular  structures  before  it  forms  a  tumor  of  sufficient  size  to  be 
palpated  externally. 

Diagnosis. — The  only  symptom  of  value  in  cases  that  have  not 
become  strangulated  is  the  so-called  Howship-Romberg  symptom,  which 
consists  in  pain  and  sensory  disturbance  along  the  inner  side  of  the  thigh, 
and  due  to  the  pressure  of  the  hernial  tumor  upon  the  obturator  nerve. 
The  obturator  nerv^e  supplies  the  adductor  longus  and  bre\ds  muscle  as 
well  as  the  gracilis,  and  also  distributes  its  sensory  fibers  to  the  inner  side 
of  the  thigh  as  far  dowoi  as  the  knee.  In  cases  in  which  the  hernia  has 
attained  sufficient  size,  there  may  be  a  slight  fullness  observed  a  little 
below,  to  the  inner  side  of  the  femoral  ring  or  in  the  region  of  the  pecti- 
_  neus    muscle. 

This  is  more 
easily  recog- 
nized by  flex- 
ing the  leg  and 
thigh. 

T  re  at- 
ment.— In 
view  of  the 
fact  that  the 
diagnosis  of 
obturator  her- 
nia is  seldom 
made  until 
strangulation 
has  developed, 
the  treatment 
is  limited 
practically  to 
this  condition. 
It  is  wise  to 
first  make  an 
incision  in  the  femoral  region  and  attempt  to  reduce  the  hernia  by  slightly 
enlarging  the  obturator  opening.  This  must  be  done  with  extreme  care,  and 
the  nicking  or  cutting  of  the  opening  should  be  made  in  an  upward  and 
inward  direction  to  avoid  injury  to  the  obturator  vessels  which  usually  lie 
just  to  the  outer  side  of  the  sac.  In  cases  in  which  resection  is  necessary, 
it  is  better  to  do  a  median  abdominal  section,  and  after  carefully  pro- 
tecting the  rest  of  the  abdominal  cavity  with  sterile  gauze,  to  then  by 
gentle  traction  draw  out  the  strangulated  loop  of  bowel.  Primarj'^  resec- 
tion can  now  be  performed  under  much  more  favorable  conditions  than 
through  the  femoral  opening.  The  hernial  sac  should  be  removed  if 
possible  and  the  ring  closed  by  chromicized  kangaroo  tendon  or  catgut. 

In  some  cases  it  might  be  wise  to  use  the  osteoplastic  flap  method 
originally  proposed  by  Trendelenburg  and  Kraske,   in  1891,  for   large 


Fio.  66. 
A  bony  pelvis  in  which  the  obturator  membrane  (6)  has  been  left  in  the 
rifht  obturator  foramen.  The  membrane  entirely  fills  the  foramen,  with 
the  exception  of  an  opening  (a)  which  is  designated  as  the  obturator  canal. 
It  is  through  this  opening  that  the  obturator  hernia  escapes,  the  obturator 
vessels  and  nerve  being  pushed  to  one  side  (Sultan). 
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femoral  and  some  cases  of  inguinal  hemia,  and  recently  employed  in  ob- 
turator hernia  by  Schwartzschild.*'  Schwartzschild  has  lately  used  this 
method  in  a  case  of  obturator  hemia,  strangulated  for  the  third  time, 
and  relieved  on  the  two  previous  occasions  by  abdominal  section.  In 
this  case  there  were  absolutely  no  symptoms  diagnostic  of  obturator 
hemia  and  the  case  was  operated  upon  as  one  of  intestinal  strangulation. 
In  view  of  the  previous  history  of  recurrence,  Schwartzschild  decided  to 
attempt  a  more  radical  method  of 
closure.  A  periosteal  bone  flap  4  cm. 
wide  was  chiseled  from  the  inner  side 
of  the  symphysis  pubis  and  the  de- 
scending ramus,  and  placed  directly 
over  the  hernial  opening.  This  peri- 
osteal bone  flap  was  fastened  to  the 
muscular  stmctures  by  means  of  catgut 
sutures  and  the  pectineus  was  then  su- 
tured over  the  same;  finally  the  fascia, 
muscle,  and  skin  were  united  in  separate 
layers.  The  patient  made  an  uninter- 
rupted recovery. 

Schwartzschild  strongly  recom- 
mends this  method  of  operation  in  all 
cases  in  which  the  diagnosis  of  obturator 
hemia  is  made  and  the  patient's  condi- 
tion warrants  it.  Of  21  cases  collected 
from  the  hterature,  treated  by  laparo- 
tomy, 9  were  successful,  or  42.85  per 
cent.  In  view  of  the  comparative  fre- 
quency of  relapse,  radical  operation 
should  always  be  performed  when  possi- 
ble. In  105  cases  of  obturator  hemia 
collected  by  Schwartzschild  no  oper- 
ation was  performed  in  62  cases;  of 
43  cases  operated  upon,  17  were  cured. 
The  method  of  operation  in  the  cured 
eases  was:  femoral  incision  in  13;  lap- 
arotomy in  3;  a  combination  of  both 
methods  in  one.  An  artificial  anus  was 
estabUshed  in  4  with  4 deaths;  intestinal 
resection  was  done  in  5  cases  with  1  re- 
covery. 

With  regard  to  the  diagnosis  of  obturator  hemia,  he  points  out  the 
great  difficulties  and  states  that  even  Howship-Romberg's  sign  cannot  be 
relied  upon,  as  it  has  been  observed  in  other  conditions  as  well.  Hence, 
its  presence  does  not  invariably  prove  the  existence  of  an  obturator 
hemia,  any  more  than  its  absence  precludes  the  possibility  of  the  presence 
of  such  hemia.  He  cites  several  instances  in  which  this  sign  has  led  to 
errors  in  diagnosis. 

VOL.  IV — 7 
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Fig.  67. — Anterior  View  of  an 
TURATOR  Hernia  (Sultan). 
A  part  of  the  pectineus  and  the  entire 
obturator  externus  muscle  have  been 
removed,  exposing  the  bony  pelvis  and 
a  portion  of  the  obturator  membrane. 
The  iliopsoas  and  pectineus  muscles  have 
been  drawn  apart,  and  between  them  lie 
the  stumps  of  the  femoral  vessels.  The 
sac  of  the  obturator  hernia  has  been 
opened  and  an  intestinal  coil  is  seen 
within,  a,  Poupart's  ligament;  6,  ilio- 
psoas muscle;  c,  femoral  artery;  d, 
femoral  vein;  e,  spermatic  cord;  /, 
upper  stump  of  the  pectineus  muscle; 
g,  sartorius  muscle;  A,  obturator  hernia; 
i,  obturator  membrane;  k,  adductor 
longus;  /,  lower  stump  of  the  pectineus 
muscle. 
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SCIATIC  HERNIA  (GLUTEAL,  ISCHIATIC). 

This  is  one  of  the  rarest  varieties  of  hernia  observed,  only  11  cases 
having  been  collected  by  Garr^  up  to  1892.    Another  case  has  recently 

been  reported  by  von  Eiselsbei^.** 
The  hernia  may  find  its  exit 
through  either  the  greater  or  the 
lesser  sciatic  foramen.  Garr6 
would  classify  all  hernias  passing 
through  the  lesser  sciatic  foramen 
as  sciatic  hernias,  and  those  pass- 
ing through  the  greater  sciatic 
foramen  as  gluteal  hernias,  still 
further  subdividing  the  latter  into 
superior  and  inferior  glutea[  her- 
nias, according  as  the  hernial  sac 
passes  above  or  below  the  pyri- 
formis  muscle,  which  nearly  fills 
this  foramen.  The  superior  glu- 
teal variety  has  been  observed 
most  frequently  (Fig.  68). 

These  hernias  appear  extern- 
ally above  the  border  of  the  glu- 
teus maximus  and  it  may  be  very 
difficult  to  differentiate  them  from 
perineal  hernias.  They  are  usually 
of  small  size,  though  some  cases 
have  been  observed  in  which  the  tumor  was  as  large  as  a  child's  head. 
They  may  also  be  mistaken  for 
teratoma,  Upoma,  spina  bifida. 
Von  Eiselsberg's  case  was  asso- 
ciated with  a  lipoma  and  had 
apparently  once  been  strangu- 
lated. A  portion  of  the  intes- 
tine had  sloughed  off  and  the 
lumen  had  evidently  been  re- 
established by  nature  within 
the  hernial  ring. 

Treatment.— The  diagno- 
sis has  seldom  been  made,  and 
the  cases  reported  are  so  few  in 
number  that  no  definite  mode 
of  procedure  has  yet  been  es- 
tablished. .  When  operating 
upon  a  tumor  in  the  gluteal 
region,  the  possibility  of  a 
hernia  should  always  be  con- 
sidered, and  if  there  is  an  im-  pio.  69.— Ischiatic  Hernia  (Gan^). 


Fig.  68. — A  Lateral  View  of  a  Sciatic  Hernia 
(Superior  Gluteal  Hernia)  (Sultan). 
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pulse  on  coughing,  and  resonance  on  percussion,  one  can  be  certain  of 
a  hernia.  In  view  of  the  frequency  of  strangulation  in  these  cases,  it 
would  seem  wise,  if  the  diagnosis  is  made  in  reducible  cases,  to  operate 
and  attempt  to  close  the  opening  of  muscle  and  fascia,  remembering  that 
the  sciatic  and  gluteal  arteries  are  in  close  proximity  to  the  ring  and  could 
be  easily  wounded.  If  the  hernia  is  strangulated  when  discovered,  then 
the  combined  operation  will  probably  give  best  results:  First,  the  ex- 
ternal incision  opening  the  sac  and  evacuating  the  possibly  already  in- 
fected fluid  exudate;  then  the  median  abdominal  incision  and  attempt 
to  reduce  the  strangulated  loop  by  traction.  If  gangrene  is  already 
present,  resection  can  be  performed  far  more  easily  and  safely  than 
through  the  external  incision. 


INTERNAL  HERNIA. 

Under  this  heading  are  grouped  the  several  varieties  of  retroperito- 
neal hernia  and  hernia  of  the  foramen  of  Winslow. 

Retroperitoneal  hernia  occurs  in  the  various  fossae  which  are  found 
more  or  less  constantly  in  certain  regions  of  the  peritoneal  cavity. 
Moynihan's^  work  upon  the  anatomy  and  surgery  of  the  peritoneal 
fossse  furnishes  us  the  most  complete  data  upon  the  subject  of  internal 
hernia.  He  describes  nine  separate  fossae  which  may  be  the  cause  of 
retroperitoneal  hernia.  Of  these,  only  five  are  of  much  practical  impor- 
tance, the  remainder  being  very  rarely  found.  The  five  more  important 
fossae  are:  (1)  The  superior  duodenal  fossa;  (2)  the  inferior  duodenal 
fossa  of  Treitz ;  (3)  the  paraduodenal  fossa  (Landzert) ;  (4)  the  mesen- 
terico-parietal  fossa  (Waldeyer) ;  (5)  the  mesocolic  fossa. 

The  superior  duodenal  fossa  is  found  in  40  to  50  per  cent,  of  the  cases. 
It  was  first  described  by  Brosike,  and  occupies  the  upper  horn  of  the 
fossa  of  Treitz. 

The  inferior  duodenal  fossa  is  the  most  frequent  of  all  peritoneal  fossae 
and  has  been  found  in  70  to  75  per  cent,  of  the  cases.  It  is  situated  on  the 
left  side  of  the  ascending  portion  of  the  duodenum,  opposite  the  third 
lumbar  vertebra,  according  to  Moynihan,  and  the  orifice  looks  almost 
directly  upward  or  slightly  to  one  side,  being  opposite  the  orifice  of  the 
superior  duodenal  fossa,  which  looks  downward. 

T?ie  paraduodenal  fossa  (Landzert)  is  situated  to  the  left  and  some 
distance  from  the  ascending  limb  of  the  duodenum.  The  fossa  is  caused 
by  the  raising  up  of  a  peritoneal  fold  by  the  inferior  mesenteric  vein. 
"The  sac  is  bounded  by  the  parietal  peritoneum,  covering  the  psoas, 
the  renal  vessels,  the  ureter,  and  a  portion  of  the  left  kidney.  The 
orifice  of  the  sac  is  wide  and  looks  downward  to  the  right." 

The  Mesenterico-parietal  Fossa. — This  fossa  is  usually  found  in  the 
first  part  of  the  meso jejunum,  immediately  behind  the  superior  mesen- 
teric artery,  and  below  the  duodenum.  Moynihan  has  found  this  fossa 
present  three  times  in  adults;  in  seventeen  embryos  of  less  than  five  or 
six  months  it  was  present  in  six. 

The  mesocolic  fossa  is  formed  by  a  fold  containing  the  ascending  branch 
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of  the  left  colic  artery.  It  extends  between  the  layers  of  the  transverse 
mesocolon  toward  the  splenic  flexure. 

Moynihan  beUeves  that  the  etiology  of  peritoneal  fossae  is  best  ex- 
plained by  regarding  them  as  fusion  folds  between  the  original  left,  after- 
ward anterior,  surface  of  the  ascending  portion  of  the  duodenum  and  the 
right  or  anterior  surface  of  the  descending  mescolon  folds,  which  date 
their  origin  from  the  time  when  these  two  peritoneal  surfaces  are  in  close 
apposition,  namely,  at  the  end  of  the  third  or  the  beginning  of  the  fourth 
month. 

Treitz"®  (in  1857)  was  the  first  to  call  attention  to  internal  hernia,  and 


Fig.  70. — 1,  Duodenojejvnal  Fossa  ;  2,  Intkrbiomoid  Fossa  (Sultan). 


his  careful  study  of  the  various  fossa?  represents  the  first  attempt  at  a 
scientific  explanation  of  their  etiology.  As  Moynihan  states,  before  the 
time  of  Treitz  the  subject  of  retroperitoneal  hernia  did  not  exist.  It 
was  he  who  first  recognized  that  such  hernias  occur  in  fossae  which  are 
normal,  and  it  was  he  who  first  gave  an  intelligent  description  of  their 
probable  mode  of  development. 

Duodenal  hernia  may  be  divided  into  left  and  right,  the  left  being 
the  more  common.  Left  duodenal  hernia  probably  originates  in  nearly 
every  case  in  the  paraduodenal  fossa,  or  fossa  of  Landzert.     Essential  to 
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the  formation  of  such  a  hernia,  according  to  Treitz,  are:  (1)  The  exis- 
tence of  a  fossa  and  its  boundary  fold;  (2)  the  presence  of  the  inferior 
mesenteric  vein  in  the  fold;  (3)  sufficient  mobility  of  the  small  intestine 
to  pennit  its  entering  the  hernial  sac. 

The  average  size  of  the  mouth  of  the  sac  in  the  cases  of  left  duodenal 
hernia  thus  far  observed  has  been  2  to  3  inches.  The  size  of  the  hernia 
varies  greatly,  ranging  between  the  size  of  an  English  walnut  and  a  man's 


Fig.  71. — Hernia  Duodenojejunalib  (Sultan,  after  Aschoff).     Non-strangulated   Casbb. 

head.  In  some  cases  almost  the  entire  intestine,  large  and  small,  is 
present. 

Moynihan,  up  to  1897,  collected  57  cases  of  left  duodenal  hernia. 
Since  this  time  a  number  of  new  cases  have  been  added. 

Right  Duodenal  Hernia, — In  the  early  stage  of  development  right 
duodenal  hernia  is  found  in  the  right  half  of  the  abdominal  cavity;  later 
on,  it  may  extend  into  the  left  portion.  According  to  Brosike,  the  condi- 
tion essential  to  its  development  is  an  abnormal  fusion  of  the  upper  por- 
tion of  the  jejunum  to  the  posterior  abdominal  wall.  As  a  result  of  the 
fusion  an  opening  occurs  in  the  mesentery,  which  finally  becomes  a  fossa, 
from  which  the  hernia  develops. 

According  to  Moynihan,  the  predisposing  causes  of  right  duodenal 
hernia  are:  (1)   a  hernial  sac  lying  behind  the  ascending  and  transverse 
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mesocolon;  (2)  the  orifice  situated  behind  and  to  the  left  of  the  sac; 
(3)  the  presence  of  the  superior  mesenteric  artery  in  the  anterior  margin 
of  the  sac. 

Seventeen  cases  of  right  duodenal  hernia  have  been  collected  by 
Moynihan;  the  first  case  being  that  of  Klob,  in  1861,  the  last  that  of 
Paton,  in  1906. 

Mesocolic  hernias  and  hernias  of  the  infraduodenal  fossa  are  too  rare 
to  be  more  than  mentioned. 

Diagnosis.^ — The  diagnosis  of  duodenal  hernia  has  rarely  been  made, 
except  at  autopsy  or  during  operation  for  acute  intestinal  obstruction  of 
unknown  origin.  A  careful  study  of  the  reported  cases,  however,  shows 
certain  features  which,  in  the  opinion  of  Moynihan,  should  enable  the 
surgeon  to  make  a  correct  diagnosis,  at  least  in  a  certain  proportion  of 
cases.  First,  the  tumor  is  Umited  to  a  certain  definite  area  of  the  abdomi- 
nal cavity.  In  left  duodenal  hernia  this  tumor  will,  in  the  beginning, 
occupy  the  left  and  upper  portion  of  the  abdomen;  in  right  duodenal 
hernia,  the  right  and  upper  portion;  but  in  both  cases  the  tumor  gradually 
increases  in  size  until  it  finally  occupies  nearly  the  entire  cavity.  Such  a 
tumor  can  usually  be  distinctly  outlined  on  palpation  and  is  always 
resonant.  Auscultation  reveals  a  distinct  gurghng  sound  over  the  entire 
tumor  area. 

Symptomatology. — The  symptoms  vary  widely.  In  the  majority  of 
the  cases  in  which  the  tumor  has  developed  very  graduallj^  there  will  be 
found  a  history  of  chronic  indigestion;  in  those  cases  in  which  the  hernia 
has  developed  very  suddenly  or  become  suddenly  very  much  larger,  the 
symptoms  may  be  those  of  acute  intestinal  obstruction. 

Treatment. — Up  to  the  present  time  operative  treatment  only  can  be 
considered  in  such  cases  in  which  symptoms  of  obstruction  have  developed. 
Thus  far  ten  successful  cases  have  been  recorded,  nine  of  left  and  one  of 
right  duodenal  hernia.  In  most  cases  the  strangulated  loop  of  bowel  can 
be  drawn  out  by  gentle  traction.  In  cases  in  which  this  is  impossible, 
very  little  can  be  done,  inasmuch  as  an  attempt  to  enlarge  the  opening  by 
incision  would  result  in  division  of  the  inferior  mesenteric  vein.  In  such 
cases  Moynihan  recommends  entering  the  sac  through  an  incision  from 
the  outer  side  of  the  vein,  drawing  the  distended  intestine  through  this 
opening,  emptying  it  of  its  contents  by  means  of  one  or  more  incisions, 
after  closing  which  the  loop  is  replaced  in  the  original  sac.  The  disten- 
tion having  been  relieved  by  this  procedure,  the  loop  can  then  be  readily 
withdrawn  through  the  neck  of  the  sac  into  the  abdominal  cavity.  Even 
after  reduction  has  been  successfully  accomplished  it  is  a  very  difficult 
matter  to  close  the  hernial  opening  in  such  a  way  as  to  prevent  a  re- 
development of  the  hernia.  Lawford  Knaggs"  in  a  case  of  inflamed 
duodenal  hernia  partially  closed  the  hernial  opening  by  continuous 
suture  applied  to  the  inside  of  the  sac  through  the  edges  of  the  opening. 
The  edges  of  the  incision  through  the  anterior  wall  of  the  sac  were  then 
attached  to  the  upper  angle  of  the  parietal  wound  and  the  interior  of  the 
sac  was  finally  packed  with  gauze.  The  patient  was  discharged  well 
at  the  end  of  seven  weeks,  but  died  seven  months  later  with  an  attack 
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of  typhoid  fever.  Autopsy,  which  was  obtained,  showed  the  manner  in 
which  the  hernial  opening  had  been  obUterated. 

Pericecal  Hernia. — Several  fossae  have  been  discovered  in  the  region 
of  the  cecum.  The  first  description  of  such  fossae  is  that  of  Santorini, 
in  1775.    Waldeyer,  in  1868,  described  four  fossae  in  this  region. 

These  fossae  are  described  at  much  length  by  Moynihan,^  who  has  col- 
lected seven  cases  of  pericecal  hernia.    The  condition  is  very  rare. 

Symptoms. — There  are  no  symptoms  of  pericecal  hernia  until  strangula- 
tion occurs.  In  some  cases  the  history  very  closely  resembles  that  of 
chronic  appendicitis.  Usually,  however,  the  symptoms  are  typical  of 
acute  intestinal  obstruction.  In  some  cases  a  tumor  may  be  felt  in  the 
right  iliac  fossa. 

In  all  of  the  seven  cases  collected  by  Moynihan  operation  was  done, 
with  a  mortality  of  50  per  cent.  In  view  of  the  fact  that  two  of  the  deaths 
were  due  to  inhalation  pneumonia,  the  importance  of  washing  out  the 
stomach  in  cases  of  such  obstruction  is  emphasized  by  Moynihan. 

Paraduodenal  Hernia. — According  to  Treitz,  these  hernias  are  always  acauired, 
being  caused  by  violent  effort,  such  as  a  blow,  sliock,  or  concussion.  In  all  such 
cases,  however,  there  exists  a  predisposing  cause,  e.  g.,  the  presence  of  a  large  or 
deep  fossa,  elasticity  of  the  retro|>eritoneal  cellular  tissue,  and  great  emaciation  of 
the  subject. 

On  the  other  hand,  Landzert  believes  that  these  hernias  are  nearly  always 
congenital.  The  clinical  picture  is  seldom  characteristic.  In  the  early  stages  there 
are  no  phenomena  of  note,  while  later  on,  as  partial  occlusion  develops,  symptoms 
of  digestive  disturbance  occur;  constipation,  pains  after  eating,  epigastric  cramps, 
eructations;  occasionally  there  is  biliary  vomiting  after  eating.  At  the  time  when 
such  symptoms  have  become  well  pronounced,  there  will  usually  be  found  a  tumor 
above  the  umbilicus.  In  some  cases  there  are  symptoms  of  slow  strangulation, 
preceded  by  separate  crises  or  by  single  and  prolonged  crisis.  Acute  strangulation 
16  rare  in  duodenal  hernia.  Although  Jonnesco  has  reported  seven  cases,  Narath, 
in  1903,  was  able  to  find  only  eight  cases  of  duodenal  hernia  treated  by  operation. 
In  1906  Vautrin'*  collected  14  cases.  Only  four  cases  of  cures  have  been  reported 
to  date. 

Hernia  through  the  Foramen  of  Winslow. — The  first  case  of  this 
kind  was  published  by  Blandin  in  1823  and  found  at  autopsy.  Rokitan- 
sky  reported  a  second  case  in  1842,  Treitz  a  third  in  1857,  Wilson  Moir  a 
fourth  in  1867,  and  MajoU  a  fifth  in  1884. 

This  subject  has  been  exhaustively  treated  by  Moynihan  {loc.  cit.), 
but  more  recently,  in  1906,  by  Jeanbrau  and  Riche.'^  Up  to  the  present 
time  20  cases  have  been  recorded.  Of  the  16  cases  in  which  the  sex  was 
known,  13  were  men,  3  women;  the  youngest  was  eight  years,  the  oldest 
seventy-seven.  In  the  opinion  of  Jeanbrau  and  Riche,  hernia  in  the 
foramen  of  Winslow  is  usually  the  result  of  some  violent  effort  which 
causes  a  portion  of  the  small  or  large  intestine  to  be  pushed  through  the 
foramen  of  Winslow  into  the  lesser  peritoneal  cavity.  The  causes  as 
tabulated  by  Moynihan  are:  (1)  A  common  mesentery  for  the  whole 
intestine;  (2)  absence  of  the  secondary  fusion  of  the  ascending  colon  to 
the  posterior  abdominal  wall;  (3)  abnormally  large  size  of  the  foramen 
of  Winslow;  (4)  abnormal  length  of  the  mesenter>',  giving  rise  to  undue 
mobility  of  the  intestine. 

Symptomatology, — In  9  out  of  12  cases  collected  by  Jeanbrau  and 
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Riche  there  was  an  epigastric  or  periumbilical  tumefaction.  The  exact 
clinical  diagnosis  has  thus  far  never  been  made.  In  13  cases  in  which 
strangulation  was  especially  noted,  a  constriction  of  the  borders  of  the 
foramen  of  Winslow  was  observed  11  times.  In  the  cases  thus  far  re- 
corded the  more  pronounced  symptoms  have  been  epigastric  pain  in  the 
region  of  the  umbiUcus  or  just  above  it;  an  epigastric  tumor  is  present  in 
most  cases,  such  tumor  being  dull  on  light  percussion,  but  resonant  on 
deep  percussion. 

Treatment, — In  11  of  the  18  cases  collected  by  Jeanbrau  and  Riche 
laparatomy  was  performed,  with  4  cures.  The  only  contraindications 
to  operation  are  (1)  insufficient  knowledge  on  the  part  of  the  surgeon  to 
perform  such  a  difficult  operation ;  (2)  the  weak  condition  of  the  patient. 

The  treatment  should  consist  in  a  median  abdominal  incision 
sufficiently  long  to  facilitate  proper  exploration.  The  diagnosis  having 
been  establishetl,  an  attempt  should  be  made  to  reduce  the  hernia  by 
simple  traction;  in  the  event  of  failure  to  reduce  the  bowel,  the  enlarge- 
ment of  the  foramen  of  Winslow  by  various  methods  has  been  advocated. 
Jeanbrau  and  Riche,  after  a  series  of  experiments  upon  the  cadaver, 
believe  that  the  foramen  can  be  safely  enlarged  by  an  incision  made 
through  the  peritoneum  forming  the  anterior  lamina  of  the  gastrohepatic 
omentum  at  the  upper  border  of  the  first  part  of  the  duodeniun.  Their 
method  is  practically  the  technic  employed  by  Wiart  for  the  exposure 
of  the  common  duct.  This  procedure,  while  comparatively  easy  upon  the 
cadaver,  in  the  opinion  of  Moynihan  is  quite  impossible  on  the  living 
subject.  Moynihan  considers  it  much  wiser  to  enter  the  lesser  peritoneal 
sac  by  making  an  opening  through  the  gastrohepatic  or  gastrocolic  omen- 
tum. The  distendai  coils  may  then  be  incised  and  emptied  of  their  con- 
tents and  the  incisions  closed.  In  this  way  it  is  probable  that  the  hernia 
may  be  reduced  by  traction  without  enlarging  the  foramen  of  Winslow. 

Hernia  of  the  Intersigmoid  Fossa. — According  to  Moynihan,  there 
are  only  two  authentic  cases  of  hernia  of  the  intersigmoid  fossa  on  record, 
namely,  the  case  of  Eve's"'  and  that  of  MacAdam  Eccles.**  To  these  I 
am  able  to  add  the  following  personal  case: 

On  September  8,  1907,  a  case  of  congenital  retroperitoneal  hernia  of 
the  intersigmoid  fossa,  in  an  infant  three  days  old,  came  under  my  ob- 
servation. The  only  unusual  thing  noticed  the  first  twenty-four  hours 
was  the  fact  that  the  child  cried  almost  constantly,  occasionally  spitting 
up  a  little  mucus.  He  had  two  or  three  meconium  stools,  but  no  satis- 
factory bowel  movements  afterward.  On  the  third  day  the  infant  de- 
veloped signs  of  intestinal  obstruction  and  died  seventy-four  hours  after 
birth.  No  distinct  tumor  could  be  made  out  prior  to  death,  although 
on  the  second  and  third  days  the  nurse  thought  the  abdomen  was  larger 
and  harder  on  the  left  side.  A  catheter  could  not  be  made  to  pass  over 
3  inches  into  the  rectum.  Autopsy  made  two  hours  after  death  showed 
a  semilunar  opening  one  and  one  half  inches  long  at  the  site  of  the 
intersigmoid  fossa,  through  which  almost  the  entire  intestine  had  passed, 
forming  a  large  retroperitoneal  hernia  extending  up  nearly  to  the  costal 
arch,  and  occupying  the   left  side  of  the  abdomen.    The  hernia  was 
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gangrenous  and  the  entire  contents  of  the  intestine  were  found  in  the 
abdominal  cavity.    The  case  will  be  reported  more  at  length  elsewhere. 

LUMBAR  HERNIA. 

While  many  writers  have  included  under  lumbar  hernia  cases  of  trau- 
matic origin  and  cases  resulting  from  suppuration  or  Pott's  disease, 
especially  caries  of  the  spine,  such  cases  should  properly  be  excluded, 
and  only  those  cases  considered  which  are  of  spontaneous  and  congenital 
origin.  By  lumbar  hernia  is  meant  a  hernia  which  appears  in  the  lateral 
r^on  of  the  abdomen  between  the  crest  of  the  ilium  and  the  costal  arch. 
Such  hernias  have  been  supposed  to  find  their  exit  through  the  triangle 


Flo.      72. — Ck)NGENlTAL       LuMBAR       HeBNIA 

(Dowd). 
ii,    Transversalifl    fascia;      B,    external 
oblique  muscle;    r,  latissimus  dorsi  muscle; 
D,  crest  of  ilium;  E,  gluteus  maximus  muscle; 
F,  gluteus  medius  mxiscle. 


Fio.  73. — Dowd's  Operation  por  the  Cure 
OF  Congenital  Lumbar  Hernia. 
Flap  composed  of  fascia,  lata  and 
aponeurotic  part  of  gluteus  maximus  and 
medius.  Stitches  placed  for  suturing  this 
flap  to  the  lumbar  fascia,  to  the  external 
oblique  muscle  and  to  the  latissimus  dorsi 
muscle  and  for  drawing  the  upper  parts  of 
the  latissimus  dorsi  and  external  oblique 
together. 


of  Petit,  which  is  bounded  below  by  the  crest  of  the  ilium,  anteriorly  by 
the  external  oblique,  and  posteriorly  by  the  outer  edge  of  the  latissimus 
dorsi  muscles. 

Braun**  in  1879  collected  twenty-six  cases  of  supposed  lumbar  hernia, 
but  six  should  be  excluded  as  of  tramnatic  or  inflammatory  origin.  Braun, 
and  later  Grange  and  Besendonk,  attempted  to  prove  that  few  of  the 
cases  of  lumbar  hernia,  if  any,  show  any  accurate  anatomic  evidence  of 
having  found  their  exit  at  the  triangle  of  Petit,  and  Sultan  (1902)  states 
that  "post-mortem  examinations  and  exact  dissecti(5ns  have  never  yet 
proved  that  Petit*s  triangle  formed  the  hernial  orifice  in  any  case.'' 
This  statement  no  longer  holds  true,  as  Dowd's'*  case  gives  an  accurate 
description  of  the  hernial  orifice,  and  there  is  no  doubt  that  it  occupied 
the  triangle  of  Petit.  In  the  case  of  Bull,  operated  ten  years  ago  at  the 
Hospital  for  Ruptured  and  Crippled,  the  hernia  also  came  through  the 
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triangle  of  Petit.  Sultan,  in  1902,  stated  that  there  are  only  two  known 
instances  of  operation  for  non-strangulated  lumbar  hemia.  Dowd's 
case  and  Bull's  added  would  make  four.  Four  cases  collected  by  Ma- 
cready  (London  Truss  Society),  added  to  those  collected  by  Braun,  give 
a  total  of  twenty-eight. 

The  diagnosis  of  lumbar  hernia  is  not  difficult.  There  is  a  marked 
impulse  and  increase  in  size  on  coughing,  and  resonance  on  percussion 
and  often  a  gurgling  sound  on  reduction.  In  rare  cases  the  hernial  tumor 
has  become  strangulated. 

Treatment. — The  only  treatment  that  is  advised  by  Macready  is  a 
spring-truss  with  a  pad  made  to  fit  the  opening.  Sultan  states  that  the 
only  two  cases  of  non-strangulated  lumbar  hemia  operated  upon  up  to 
1902  were  the  cases  of  Owen,  who  closed  the  wound  with  catgut,  and  Kus- 
ter,  who  closed  it  with  a  skin  muscle  bone-flap.     In  the  case  operated 


Fig.  74. — Dowd's  Operation  for  the  Cure  Fig.  75. — Down's  Operation  for  the  Cure 

OF  Congenital  Lumbar  Hernia.  of  Congenital  Lumbar  Hernia. 

Stitches    tied,    leaving    a    triangular    defect  Triangular    defect     and     sutured     area 

abuve  the  flap.  covered  in  by  a  flap  from  the  aponeurosis 

of  the  latissimus  dorsi  muscle. 

upon  by  Bull  at  the  Hospital  for  Ruptured  and  Crippled,  in  1896,  the 
wound  was  closed  by  overiapping  the  muscle  and  fascia  with  kangaroo 
tendon.  The  patient  made  a  good  recovery  and  is  still  well  without  re- 
currence, ten  years  later.  Dowd  devised  a  more  elaborate  muscle  flap 
operation  (Figs.  72-75).  The  result  in  his  case,  up  to  the  time  of  last 
observation,  was  perfect. 

I  believe  that  all  of  these  cases  can  be  cured  by  operation,  and  operative 
treatment  should  be  advocated  in  preference  to  mechanical  means. 

Wm.  M.  Mastim  of  Mobile,  Ala.,  has  observed  a  case  of  lumbar  hemia 
associated  with  very  marked  scoliosis  (Fig.  76)  which,  in  his  opinion, 
was  an  important  factor  in  the  etiology.  Berger  has  noted  a  similar  case. 
I  believe  it  much  more  probable,  however,  that  the  curvature  of  the  spine 
in  these  cases  was  a  coincidence,  rather  than  a  causative  factor  in  the  pro- 
duction of  the  hemia. 
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PERINEAL  HERNIA,  OR  HERNIA  THROUGH  THE  PELVIC  OUTLET. 

The  outlet  of  the  pelvis  is  so  strongly  protected  by  a  lining  of  mus- 
cles and  fascia  (the  levator  ani  and  coccygeal  muscles  and  pelvic  fascia) 
that  a  hernia  very  seldom  occurs.  These  perineal  hernias  are  subdivided 
according  to  their  several  sites  of  exit.  In  the  male  the  hernial  tumor 
is  usually  found  in  the  perineum  and  is  often  described  as  an  ischiorectal 
hernia  or  perineal  hernia.  In  the  female  the  hernia  may  pass  through  the 
pelvic  fascia  in  front  of  or  behind  the  uterus  and  broad  ligaments.  When 
it  passes  behind,  it  appears,  as  in  the  male,  in  the  perineal  region.  More 
often  it  passes  out  in  front  of  the  broad  ligament  and  appears  externally 
in  the  labium  majus,  often  resembling  an  inguinolabial  hernia,  except 
for  the  fact  that  the  external  ring  is 
empty.  Sometimes  the  hernia  passes 
into  the  rectimi,  and  as  it  advances 
it  pushes  the  rectum  along  with  it, 
causing  a  prolapse  in  addition  to  the 
hernia.  The  hernia  usually  appears 
on  one  side,  rather  than  in  the  middle 
Une,  and  shows  itself  externally,  just 
below  the  border  of  the  gluteus  maxi- 
mus  muscle,  closely  resembUng  sci- 
atic hernia. 

Etiology. — The  principal  cause 
of  perineal  hernia,  according  to 
Ebner's  investigations (Macready), is 
some  congenital  abnormality  in  the 
parietal  peritoneum,  which  extends 
lower  down  than  usual,  especially  in 
the  region  of  Douglas'  pouch.  Ebner 
made  a  study  of  60  bodies  and  found 
that  in  25  there  existed  gaps  between 
the  coccygeus  and  ischiococcygeus 
muscles.  Such  gaps,  while  they 
would  probably  favor  the  develop- 
ment of  a  perineal  hernia,  are  prob- 
ably of  less  importance  as  an  etiologic  factor  than  the  peritoneal  abnorm- 
ahty.  Of  40  cases  of  hernia  of  the  pelvic  outlet  collected  by  Macready, 
6  occurred  in  males,  34  in  females,  and  all  in  adults.  The  intestine, 
bladder,  ovary,  and  rectum  may  form  the  contents  of  the  sac. 

The  diagnosis  is  not  difficult  in  the  male,  though  in  the  female  the 
condition  has  been  mistaken  for  vaginal  cyst,  with  most  serious  results. 
In  one  case  a  loop  of  bowel  several  inches  in  length  was  cut  off;  in  another, 
reported  by  Ganz,  the  hernia  was  incised  on  the  supposition  that  it  was  a 
cyst,  and  the  cecum,  which  afterward  protruded,  became  gangrenous  and 
caused  the  death  of  the  patient. 

When  the  hernia  appears  in  the  vagina  (vaginal  hernia),  it  is  covered 


Fio.    76. — Lumbar    Hernia    with    Spinal 
Curvature  (Mastio). 
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with  a  mucous  membrane  and  may  be  mistaken  for  a  uterine  polyp, 
especially  as  the  hernia  may  find  its  exit  near  the  cervix. 

Michaelson  and  Lukin*'  report  a  case  of  the  Kronstadt  Hospital  in  which  a  sun- 
posed  uterine  polyp  was  amputated.  The  patient  died  the  following  day  and  the 
autopsy  showed  that  about  5  inches  of  the  transverse  colon  and  a  foot  of  omentum 
had  been  excised. 

The  hernia  may  appear  in  the  ischiorectal  fossa,  and  here  usually  attains  a  larger 
size  than  the  ordinary  hernia  of  the  pelvic  outlet.  Papen's  celebrated  case  (1755), 
quoted  by  Macready,  extended  to  the  calves  of  the  leg  and  contained  practically 
all  of  the  abdominal  viscera. 

Treatment. — In  certain  cases  some  form  of  mechanical  support, 
constructed  after  the  style  of  a  pessary,  may  retain  the  hernia  fairly  well. 
In  most  cases,  however,  it  is  difficult  or  impossible  to  control  the  hernia. 
Winckel  advocates  operation  in  all  cases  in  the  female.  T.  Gaillard 
Thomas  advised  inverting  the  sac  from  below  like  the  finger  of  a  glove 
and  suturing  of  the  inverted  sac  to  the  abdominal  wall.  When  associated 
with  prolapse  of  the  rectum  the  operation  recommended  by  MikuUcz, 
of  resecting  the  prolapsed  portion  of  the  rectum  and  uniting  the  proxi- 
mal part  to  the  anus,  may  be  performed.  Very  few  cases  of  operation 
for  hernia  of  the  pelvic  outlet  have  thus  far  been  recorded,  and  it  is 
impossible  to  lay  down  any  definite  rules  as  to  operative  procedures. 
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CHAPTER  LIV. 

SURGERY  OF  THE  RECTUH  AND  ANUS. 

By  Robert  Abbe,  M.D., 


NEW    YORK. 


Anatomy.— The  region  of  the  rectum  and  anus  presents  many  ana- 
tomic, physiologic,  and  pathologic  considerations  which  need  to  be  imder- 
stood  before  successful  results  of  surgical  work  can  be  accomplished. 
Here,  as  in  other  portions  of  the  alimentary  tract,  notably  the  mouth,  it 
is  difficult  to  obtain  an  operative  field  free  from  infection,  and  experience 
of  nature's  reparative  power  in  the  presence  of  contamination  is  a  neces- 
sary part  of  one's  calculation  in  estimating  the  outcome  of  rectopelvic 
work. 

Contaminations  of  the  peritoneum,  of  the  ischiorectal  cellular  planes, 
of  the  bladder,  are  often  inevitable,  and  must  be  reckoned  with  as  serious 
complications  unless  under  vigilant  guard  and  correction  before,  during, 
and  after  operation.  To  know  simply  the  anatomy  of  the  parts  and  pos- 
sible operative  methods  will  not  give  adequate  insurance  of  the  patient's 
life. 

It  is  often  more  important  to  realize  that  wounds  of  this  region  are 
safely  and  firmly  closed  by  cicatricial  healing  w^hen  packed  with  gauze 
and  left  to  granulation,  thus  saving  much  time  at  operation,  and  drain- 
ing safely  a  region  in  which  much  danger  lurks  if  infecting  fluids  are  con- 
fined. With  proper  respect  to  this  and  other  considerations  to  be  treated  of 
later,  there  is  no  reason  why  operations  should  not  be  as  safely  conducted 
here  as  elsewhere. 

From  a  surgical  point  of  view,  the  gross  anatomy  of  the  rectum  must 
be  seen  as  well  from  the  aspect  presented  to  the  surgeon's  eye  when  he 
looks  into  the  open  peritoneal  cavity  from  above,  as  from  the  dissection 
of  the  pelvis. 

When  the  patient  is  in  the  Trendelenburg  posture  and  all  movable 
intestines  are  raised  from  the  pelvis  jmd  kept  well  up  in  the  abdominal 
cavity,  there  remain  the  lower  part  of  the  sigmoid  colon,  and  the  rectum, 
alone  visible.  These  are  held  against  the  hollow  of  the  sacrum,  loosely 
above  by  the  mesenteric  attachment,  and  firmly  below  where  the  perito- 
neum spreads  out  over  the  sides  and  front  of  the  rectum. 

At  the  upper  two  segments  of  the  sacrum  the  mesentery  is  narrow 
and  median,  containing  blood-vessels  and  lymphatics.  Here  the  sigmoid 
ends  and  the  rectum  begins.  On  either  side  of  the  pelvis  the  peritoneum  is 
loosely  attached  over  the  iliac  vessels  and  the  ureter,  as  also  on  the  sides  of 
the  rectum,  but  on  the  anterior  aspect  it  is  much  more  tightly  adherent. 

110 


ANATOMY. 


Ill 


From  within,  the  fingers  pressing  down  on  the  bottom  of  the  pelvic  cul- 
de-sac  find  a  resisting  floor,  the  pelvic  diaphragm,  so  called,  which  is 
mainly  supported  by  the  levator  ani  muscles — widely  attached  to  the 
pelvic  fascia  on  both  sides  and  fixed  in  the  median  line  from  the  tip  of 
the  coccyx  to  the  perineal  body.  This,  with  the  accompanying  pelvic 
fascia,  is  what  is  torn  more  or  less  severely  in  lacerations  of  the  female 
perineum  at  parturition,  and  which  in  surgical  operation  for  removal  of 
the  rectum  must  be  cut  through  before  the  rectum  can  be  excised. 

When  the  finger  is  pressed  in  the  cul-de-sac  in  front  of  the  rectum  in 
the  female  pelvis,  it  is  in  contact  with  the  posterior  vaginal  wall  in  front, 
for  the  space  of  the  upper  one-fifth  of  the  vagina.  Otherwise  no  viscus 
is  touched.  But  in  the  male,  pressure  at  the  same  point  feels  the  trian- 
gular space  at  the  base  of  the  bladder  and  touches  the  prostate  and  sem- 
inal vesicles. 

The  blood-supply  of  the  rectum  is  of  much  practical  importance. 
Three  arteries  share  in  the  supply.     From  above,  the  superior  hemor- 


Fio.  77. — a,  Rectum  shown  through  divided  levatores  ani;  coccyx  and  lower  sacrum  cut 
away,  b.  Sagittal  section  of  the  pelvis.  Rectum  and  external  sphincter  uncut;  internal  sphincter 
being  within  the  rectal  wall.     lane  shows  normal  peritoneal  limits. 


rhoidal,  a  single  direct  trunk,  a  branch  of  the  inferior  mesenteric 
artery,  runs  in  the  loose  tissue  of  the  mesentery  of  the  sigmoid,  crosses  the 
left  ureter  and  left  common  iliac  vessels  as  it  descencls  into  the  pelvis, 
and  reaches  the  gut  at  the  second  sacral  vertebra,  where  it  divides  into 
two  branches  which  descend  on  either  side  of  the  rectum.  About  five 
inches  above  the  anus  these  divide  into  a  half  dozen  branches,  which  soon 
pierce  the  muscular  coat,  running  between  the  mucous  and  muscular 
layers  of  the  gut,  and  at  the  lower  end  of  the  bowel  anastomose  with  the 
branches  of  the  middle  and  inferior  hemorrhoidal  arteries,  forming  a  rich 
vascular  plexus.  The  middle  hemorrhoidal  arteries,  somewhat  irregular 
in  origin,  but  most  commonly  from  the  anterior  trunk  of  the  internal  iliacs, 
aided  by  the  inferior  vesical  arteries,  supply  the  lower  part  of  the  bowel 
and  integument  of  the  anal  region,  in  common  with  the  inferior  hemor- 
rhoidals branching  from  the  internal  pudic  vessels. 

The  inferior  hemorrhoidals  cross  the  ischiorectal  fossa,  but  the  upper 
vessels  lie  within  the  pelvis,  above  the  levator  ani  muscle. 


112  SURGERY   OF  THE   RECTUM  AND   ANUS. 

The  plexus  of  veins  arising  from  such  an  arterial  supply  is  large  and 
of  unusual  arrangement,  forming  the  hemorrhoidal  plexus,  a  venous  circle 
about  the  bowels,  partly  in  the  muscular  but  mostly  in  the  submucous  coat. 
The  return  venous  current  from  the  rectum  has  this  unusual  course:  the 
upper  part,  derived  from  the  arterial  supply  of  the  superior  hemorrhoidal 
artery,  empties  into  the  inferior  mesenteric  vein,  and  discharges  into 
the  portal  circulation,  while  the  lower  portions  of  the  plexus  empty 
into  the  middle  and  inferior  hemorrhoidal  veins,  thence  through  the  iliac, 
and  into  the  ascending  cava  and  the  systemic  circulation. 

The  vesicoprostatic  plexus  conmiunicates  with  the  hemorrhoidal  be- 
hind. These  veins  are  prone  to  varicosities.  The  hemorrhoidal  veins  have 
but  scant  support  in  the  loose  cellular  tissue  of  the  rectal  walls,  and  are 
exceedingly  prone  to  varicose  conditions,  due,  no  doubt,  to  the  hydro- 
static pressure  of  the  portal  column  of  blood,  increased  by  pressure  of 
fecal  contents  in  the  rectum,  and  by  stasis  in  the  liver,  from  any  of  the 
many  causes  of  trouble  in  that  organ. 

These  venous  spaces,  comparatively  large  when  under  pressure,  and 
communicating  so  freely  and  directly  with  the  portal  circulation  and  the 
systemic,  are,  fortunately,  not  very  prone  to  septic  infections  in  disease, 
accident,  or  in  surgical  work. 

The  lymphatics  of  the  rectum  are  of  large  size,  and  follow  very  closely 
this  vascular  arrangement.  There  is  a  free  communication  between 
those  around  the  anus  and  those  about  the  pelvic  part  of  the  gut  between 
the  submucous  and  muscular  layers.  The  anal  portion  drains  into  the 
glands  of  the  groin;  while  the  rectal  lymphatics  communicate  with  those 
of  the  subperitoneal  layer,  passing  through  very  small  glands  in  the  margin 
of  the  gut,  and  thence  to  the  sacral  glands  and  those  along  the  iliacus 
muscle. 

The  inguinal  glands  should  always  be  examined  in  low  rectal  cancer. 
The  lymphatics  of  the  rectum  are  not  nearly  so  numerous  as  those  in  the 
uterine  region  of  the  pelvis,  and, systemic  invasion  from  pelvic-rectal 
carcinoma  is  not  nearly  so  frequent  or  so  early  as  in  the  same  disease 
invading  the  uterus. 

Examination  of  the  rectum  by  dissection  at  once  shows  that  it  must 
be  considered  to  present  two  distinct  portions:  Fii-st,  that  which  begins 
at  the  third  sacral  body  where  the  sigmoid  ends,  descending  into  the 
sacral  hollow  to  the  second  or  anal  portion,  where  the  narrowed  bowel 
is  grasped  by  the  internal  sphincter  muscle.  From  that  point  toihe  skin 
is  the  second  portion.  This  is  about  2  inches  long,  while  the  dilated 
portion  is  3i  to  4  inches  long.  In  its  lower  part  this  may  dilate  to  nearly 
the  width  of  the  pelvis,  forming  a  pouch-like  fullness,  called  the  ampulla. 
The  direction  of  the  anal  portion  is  upward  and  forward  on  a  line  which 
would  terminate  at  the  navel.  This  forward  direction  the  surgeon  and 
the  nurse  should  remember  when  introducing  the  finger  or  any  instru- 
ment into  the  rectum;  but  after  the  first  inch  the  rectum  swings  back- 
ward into  the  hollow  of  the  sacrum  and  the  finger  or  instrument  should 
follow. 

The  mucous  lining  is  highly  vascular,  and  when  the  bowel  is  not 
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dilated  the  cellular  submucous  coat  is  so  loose  that  the  mucosa  is  thrown 
into  many  folds,  creasing  naturally  both  lengthwise  and  across  the  bowel. 
As  this  lining  approaches  the  anal  portion  it  is  gathered  into  longitudinal 
colmnns  or  folds  (columns  of  Morgagni),  converging  at  the  sphincter 
muscle,  and  forming  shallow  pits  between,  which  are  doubtless  the  cause 
of  many  minor  perforations  from  entrapping  small  foreign  substances. 

Along  the  course  of  the  rectum  are  three  major  folds  of  mucosa,  placed 
like  crescentic  folds,  one  standing  crosswise  on  the  anterior  face  of  the 
bowel,  low,  within  two  inches  of  the  anus,  and  one  on  the  opposite  side  in 
the  sacral  hollow,  while  another  guards  the  region  of  junction  with  the 
sigmoid.  These  valves,  first  described  by  Houston  in  1830,  have  some  of 
the  natural  circular  muscular  fibers  in  their  composition,  but  mainly 
consist  of  the  mucous,  cellular,  fibrous  and  longitudinal  muscular  struc- 
tures of  the  normal  gut,  extended  inward.  They  form  flaccid  shelves,  as 
it  were,  when  the  bowel  is  partly  full — and  perhaps  have  no  further  func- 
tion than  io  help  support  the  contents  of  the  rectum  in  the  interval  be- 
tween expulsive  acts. 

Within  the  grasp  of  the  sphincter  and  at  the  anal  margin,  the  mucous 
membrane  reaches  its  greatest  sensitiveness.  Here  we  have  the  distri- 
bution of  branches  of  the  pudic  nerve,  along  ** Hilton's  white  line,"  where 
the  nerves  descend  between  the  sphincters.  This  anatomic  line  repre- 
sents the  junction  of  mucous  lining  of  the  canal  and  intumed  cutaneous 
tissue,  and  is  distributed  on  a  narrow  circle  just  between  the  internal 
and  external  sphincter.  This  highly  endowed  area  of  tissue  guards  the 
outlet  of  the  bowel,  and  is  extremely  sensitive;  reflexes  of  pain  and 
motility  being  intimately  related  to  other  portions  of  the  body. 

The  musculature  of  the  bowel  has  the  same  interest  that  pertains 
to  that  of  the  stomach  and  other  parts  of  the  alimentary  canal;  for  it 
must  not  be  forgotten  that  it  is  but  one  part  of  the  same  alimentary  tube 
which  begins  at  the  lips  and  ends  at  the  anus,  with  exaggerated  develop- 
ment of  one  or  another  of  the  constituent  parts  of  its  coats  at  various 
points.  The  sphincter  ani  corresponds  with  the  lips  and  the  cardiac  and, 
pyloric  sphincters  in  being  an  exaggeration  of  the  circular  fibers.  So 
in  the  upper  rectum  we  have  fewer  circular  and  more  longitudinal 
fibers,  with  a  proportionate  propulsive  force;  making,  as  it  were,  a 
large  elastic  receptive  sac  capable  of  relaxation,  to  receive  the  effete  con- 
tents of  the  colon,  and  at  once  contracting  upon  them  by  longitudinal 
shortening,  with  simultaneous  relaxation  of  the  sphincter,  and  prompt 
expulsion.  This  power  is  entirely  independent  of  the  abdominal  com- 
pressing forces,  as  is  shown  by  inflammatory  or  irritative  disturbance 
of  the  mucosa,  when  so-called  "tenesmus"  or  straining  occurs,  empty- 
ing the  rectum  of  even  the  smallest  amount  of  contained  mucus,  by 
intrinsic  contracting  power. 

The  physiologic  functions  of  the  rectal  mucous  membrane  are  both 
excretive  and  secretive,  in  which  it  is  highly  endowed,  and  to  which  it  is 
as  remarkably  adapted  as  other  parts  of  the  alimentary  canal.  It  is  of 
much  assistance  to  the  surgeon  to  keep  in  mind  the  fact  that  directly 
after  food  is  taken  into  the  stomach  the  entire  canal  becomes  active, 
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each  part  busy  with  its  own  functional  secretions.  The  rectum  promptly 
throws  out  a  liberal  supply  of  mucus,  which  with  the  extension  of  the 
wave  of  peristalsis  from  above  prepares  for  an  expulsion  of  effete 
material. 

Within  half  an  hour,  if  the  colon  has  not  been  properly  emptied,  the 
process  of  absorption  which  has  begun  upon  the  food  in  the  upper  part 
of  the  canal  begins  also  in  the  rectum,  and  the  exuded  mucus,  plus  the 
scant  renmant  of  nutrition  and  preponderating  toxins  in  the  fecal  con- 
tents, rapidly  become  absorbed.  Hence  the  dry  character  of  the  stool, 
and  the  depressed  mental  and  physical  condition  of  the  invalid  when 
defecation  has  been  delayed. 

The  power  of  absorption  of  the  rectal  mucous  membrane  is  great, 
and  is  an  important  asset  to  the  surgeon.  It  is  useful  for  medication, 
for  nutrition,  or  for  absorption  of  sustaining  fluids.  It  has  been  demon- 
strated that  chyle  can  be  found  in  the  absorbents  from  the  rectum,  hence 
we  are  prepared  to  see  a  reasonable  reliance  placed  upon  it  in  food  absorp- 
tion. And  it  seems  probable  that  by  use  it  becomes  trained  to  absorb 
nutrition  in  compensation  for  the  interrupted  use  of  the  stomach. 

Predigested  milk,  raw  eggs,  beef  peptonoids,  etc.,  are  completely 
absorbed  and  may  sustain  the  vital  forces  for  weeks.  Medication  is 
equally  effective  whether  given  by  rectum  or  by  mouth.  Morphin, 
chloral,  and  strychnin  can  be  relied  upon  to  act  with  precision,  when  put 
into  a  clean  rectum,  so  as  to  be  distributed  wholly  upon  its  membrane. 

The  power  of  absorption  has  been  tested  for  gases  also.  Observation 
of  the  readiness  of  the  intestines  to  generate  and  absorb  gases  collecting 
within,  led  Pirogoff,  as  early  as  1847,  to  suggest  etherization  by  way  of 
the  rectum.  This  was  thoroughly  tested  in  America  by  Weir,  Bull,  and 
others  in  1884,  and  was  found  to  be  feasible  by  introducing  vapor  of 
ether  from  a  bottle  placed  in  hot  water  through  a  tube  into  the  rectum. 
In  three  or  four  minutes  the  breath  became  etherous  and  anesthesia 
commenced  (the  colon  must  be  empty  for  good  effect),  and  complete 
general  anesthesia  was  effected  in  five  to  thirty  minutes.  Vomiting  was 
found  to  be  less  than  when  ether  had  been  administered  by  the  lungs. 
The  intestines  became  inflated.  Frequently,  however,  there  ensued  so 
much  intestinal  irritation,  with  numerous  evacuations  and,  in  some, 
bloody  stools,  that  the  method  was  abandoned  as  unsafe. 

In  the  same  proportion  that  the  rectum  can  be  excited  to  imusual 
action  by  over-irritation,  it  can  also  be  thrown  into  absolute  inaction  by 
diverting  the  current  of  normal  contents,  and  causing  discharges  of  the 
bowel  through  an  artificial  anus  in  the  colon.  This  is  of  immeasurable 
value  in  checking  the  growth  of  rectal  cancer  and  ulceration.  Further 
than  that,  it  has  been  demonstrated  that  when  a  portion  of  the  rectum 
and  sigmoid  has  been  closed  at  both  ends  and  left  in  siiiij  the  secretion 
of  mucus  ceases,  or  at  least  the  balance  between  secretion  and  absorption 
is  established,  and  the  closed  sac  becomes  as  harmless  as  any  ductless 
gland,  no  outlet  being  required. 

The  physiologic  adaptation  of  its  requirements  is  seen  also  when,  after 
resection  of  a  cancer  low  in  the  rectum,  the  gut  is  left  opening  into  the 
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vagina,  and  the  end  of  the  sigmoid  at  the  artificial  anus  has  been  sewed 
up  and  (bopped  back  into  the  abdomen;  there  is  almost  an  entire  abey- 
ance of  mucus-secretion. 

Pathologic  conditions  found  in  the  rectum  result  from  two  causes: 
First,  development  of  embrj'onic  tissue  into  neoplasms;  second,  ulcer- 
ative growths  from  irritation  or  infection. 

The  fetal  development  of  the  rectal  structure  is  from  the  external 
epithelial  laj'er  of  the  ovum.  Infolded  on  the  abdominal  aspect  it  be- 
comes the  alimentary  canal,  while  on  the  dorsal  it  becomes  the  spinal. 
At  the  junction  of  these,  in  the  verj'  early  weeks  of  embryonic  growth, 
there  is  a  portion  where  there  is  practical  continuity.  This  soon  becomes 
obliterated  by  a  covering  in  of  the  entire  dorsal  surface  over  both;  and 
in  an  atrophic  state  the  so-called  post-anal  gut  lingers  until  reduced  to  a 


FiG.  78. — Rectal  and  Sigmoid  Inrpection  by  Electric  Illumination  with  the  Patient  in 

THE  Knee-chest  Position. 


cellular  remnant.  At  this  step  a  dimpling  of  the  external  epiblastic 
layer  takes  place  at  the  site  of  the  anus;  which  unites  with  the  internal 
tube  to  complete  the  rectum.  It  is  in  this  region  of  embryonic  fetal 
structures  that  we  find  development  of  tumors,  just  as  in  the  neck  and 
face  the  branchial  clefts  constitute  a  region  favorable  for  neoplasms. 

Examination  of  the  Rectum.— No  study  of  rectal  diseases  can  be 
satisfactory'  unless  a  knowledge  of  the  methods  and  aids  which  have 
be«i  found  helpful  is  possessed. 

Examination  by  the  eye  and  the  educated  finger  will  reveal  to  the 
surgeon  enough  to  satisfy  him  as  to  many  of  the  diseases  of  the  anus; 
but  unless  he  is  careful  to  use  a  speculum  for  internal  observation,  he 
iiill  frequently  miss  the  essential  causes  of  trouble,  both  in  the  anal  and 
higher  parts  of  the  rectum. 

At  the  margin  of  the  anus,  for  example,  he  may  find  an  inflamed  tab 
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resembling  skin.  Unless  he  introduces  a  speculum,  such  as  will  soon  be 
described,  he  will  usually  miss  seeing  an  ulcerated  fissure,  of  which  the 
tab  is  only  a  sentinel  at  the  outer  edge. 

A  persistent  dysenteric  or  bloody  discharge  may  be  treated  ineffect- 
ually for  weeks  by  medicine  or  suppositories;  when  by  speculiun  exhi- 
bition a  few  small  ulcers  may  be  seen  and  quickly  cured,  so  as  to  end  the 
dysenteric  symptoms. 

Examination  for  external  conditions  and  appearances  can  best  be 
made  with  the  patient  in  the  lithotomy  position,  with  the  thighs  well 
drawn  up.     The  patient  is  thus  better  able  to  strain  down,  and   the 


Fio.  79.— 1,  2,  3,  Tubular  Rectal   Specula  (KelhO:  4,  Electric   Illumxnatxno   Sprcclum 

WITH  Magnifying  Eyepiece. 


perineal  tissues  spread  out  better,  enabling  the  surgeon  to  probe  fistulas, 
if  present,  and  to  press  upon  this  and  the  ischiorectal  fossa  to  discover 
concealed  indurations. 

Ocular  inspection  of  the  anal  portion  of  the  gut,  or  of  the  lower 
rectum,  can  best  be  conducted  in  this  position,  if  the  pelvis  is  raised  well 
and  a  strong  light  comes  from  behind  the  surgeon.  The  one  great  ob- 
jection to  it  for  inspection  is  the  inevitable  descent  of  interfering  liquid 
or  soft  fecal  matter.  Hence  the  Sims  position,  with  the  hips  well  elevated, 
has  many  advantages,  besides  being  much  less  objected  to  by  women.  In 
this  position  also  there  is  the  greatest  advantage  to  the  examiner  in  passing 
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the  index-finger,  which  can  detect  disease  of  the  rectal  walls  at  least  two 
inches  higher  than  in  the  dorsal  position,  as  the  resilient  perineal  tissues 
allow  backward  pressure-  to  the  coccyx.  Usually  the  tip  of  the  finger 
can  explore  the  entire  internal  aspect  of  the  sacrum  to  the  promontory, 
the  whole  of  the  rectum  being  accessible  to  touch. 

For  thorough  illumination  and  inspection  of  the  interior  of  the  entire 
rectiun,  however,  there  is  no  position  as  advantageous  as  that  in  which 
the  patient  is  on  his  knees  and  elbows,  with  thighs  well  flexed.  The 
abdominal  viscera  then  fall  away  from  the  pelvis,  and,  as  soon  as  the 
speculiun  opens  the  anus,  there  is  a  noisy  drawing  in  of  air,  which 
spreads  wide  the  rectal  walls.  Immediately  the  crescent  valves  of 
Houston  appear,  curving  from  side  to  side,  the  lowest  one  being  against 
the  bladder.  These  require  depression  by  the  instrument,  which  then 
passes  readily  on.  In  this  position  all  fecal  contents  gravitate  away  from 
the  field  of  inspection. 

Illumination  of  the  interior  is  accomplished  either  by  the  head-mirror, 
which  is  admirable,  or  by  electric  illumination,  which  is  unequaled. 
Tubular  specula  of  varied  lengths  (Kelly)  are  illustrated  herewith  (Fig. 
79).  One  has  a  channel  to 
pass  a  small  electric  light 
into.  The  light  appears  at 
the  internal  end  and  illu- 
minates the  cavernous  rec- 
tum; this  exhibition  may 
be  carried  into  the  sigmoid. 
The  best  average  tube  is  not 
more  than  seven  inches  long, 

which  answers  for  all  prac-  ^^f  Fm.  so.— bivaltb  Hkctal  Brxcvhvu, 

tical  purposes. 

Application  to  ulcers  beyond  this  can  be  made  through  it,  as  the  bowel 
wall  is  held  away  by  atmospheric  distention,  two  or  three  inches  beyond 
its  inner  end.  Long  sticks  of  fine  wood — eighteen  inches  long  and  less 
than  an  eighth  of  an  inch  thick — ^bearing  a  little  cotton  twisted  on 
either  end  furnish  the  best  means  of  applying  treatment  to  ulcers  visible 
in  the  field  of  the  speculum. 

A  great  variety  of  specula  have  been  devised  for  inspection,  and  for 
exposing  an  operation  field  within  the  bowel.  One  of  the  most  useful 
is  pictured  here  (Fig.  80).  A  small  bivalve  which  is  easily  introduced 
will  give  perfect  exhibition  of  a  linear  fissured  ulcer — a  fistulous  opening; 
but  a  tubular  speculum,  with  obturator  removed  after  introduction, 
allows  the  mucous  membrane  to  fall  into  the  field  of  vision  as  it  is  with- 
drawn, and  exhibits  inflammation,  ulcers,  or  small  tumors. 

Malformations. — Abnormalities  and  deficiencies  of  the  lower  end 
of  the  gastro-intestmal  tube  were  noticed  and  written  of  by  the  an- 
cients. One  of  the  first  and  most  authoritative  classifications  of  the 
different  forms  was  that  of  Van  Papendorf,  in  1781.  Bodenhamer  in 
our  own  country  added  another  chapter  to  the  thorough  understanding 
of  the  subject  in  1860. 
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Fio.  81. 


Fio.  82. 


Fia.  83. 


Fio.  84. 


These  malformations  are  due  to  the  fact  that  the  rectum  and  anus 
are  developed  separately,  the  former  from  ectodermal  and  mesodermal 

(internal)  structures, 
and  the  latter  from  epi- 
dermal (external).  The 
study  of  embryology  has 
added  largely  to  the 
understanding  of  the 
nature  and  classification 
of  congenital  rectal  de- 
fects. Very  early  in 
development  the  lower 
portion  of  the  primitive 
gut  connects  with  the 
neurenteric  canal  (post- 
anal gut),  but  this  junc- 
tion speedily  disappears, 
leaving  the  intestine 
closed  behind  it  antl 
terminating  in  a  cloaca 
common  to  it  and  the 
urachus. 

During  the  second 
month  the  perineal  par- 
tition divides  this  dilata- 
tion into  the  urogenital 
segment  and  the  rectal. 
At  the  same  time  a  de- 
pression at  the  anal  site 
(proctodeum)  forms  in 
the  skin,  and  lined  by 
epiderm,  extends  in- 
ward to  meet  the  blind 
end  of  the  ectodermal 
tube,  into  which  it 
opens. 

In  arrested  or  irreg- 
ular development  of  one 
or  more  of  the  several 
structures  we  have  the 
basis  for  the  various 
malformations,  which 
may  be  classified  thus: 

(A)  Imperforate  an- 
us. 

1.  Congenital  narrowing  of  anus  without  complete  occlusion,  or 
without  fecal  fistulas  elsewhere. 

2.  Closure  of  anus  l^y  thin  membranous  tissue. 


Fio.  85. 


Fir..  86. 


Fig.  87.  Ficj.  88. 

Figs.  81  to  88. — Types  of  Imperforate  Axrs. 
Fig.  81,  Blind  rectal  pouch  near  anal  dimple;  Fie.  82,  same 


xg.KZ 
lelvis;  deep 

,  _.„.  „.. ^...^ „er:   Fig.  8,5, 

three  types  of  rectal  fistula— perineal,  scrotal,  penile;  Fig.  m, 
urethral;  Fig.  87,  rectum  discharging  into  vaginal  fourchet; 
Fig.  88,  blind  rectal  pouch — anal  opening  joined  to  vagina. 


higher  up;  Fu;.  83,  blind  rectal  pouch  high  in  the  p( 
anal  outlet;  Fig.  84.  rectum  discharging  into  bladder 
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3.  Entire  absence  of  anus,  the  rectum  ending  in  a  blind  pouch  at 

varying  distances  from  the  perineum. 

4.  Imperforate  anus  with  fecal  fistulas  opening  (a)  into  uterus 

and  vagina;    (6)  into  male  bladder  or  urethra;    (c)  or  on  the 
surface  of  the  body. 

(B)  Imperforate  rectum,  with  anus  normally  placed. 

1.  Membranous  obstruction  of  the  rectum. 

2.  Extensive  obliteration  or  total  absence  of  the  rectum. 

(C)  Rectum  and  anus  normal,  but  the  uretei-s,  uterus,  or  vagina 
emptying  into  the  rectal  cavity. 

(D)  There  may  be  also  an  absence  of  the  large  intestine,  absence  of 
a  normal  anus,  and  fecal  opening  at  the  umbilicus  or  elsewhere. 

Some  one  of  these 
defects  occurs  in  about 
one  in  eight  or  ten 
thousand  births  (Figs. 
81  to  88). 

It  is  very  common 
for  this  defect  to  be 
overlooked  at  birth, 
especially  if  the  anal 
dimple  appears  nor- 
mal; and  the  early 
evidences  of  trouble 
are  only  noticed  by  the 
absence  of  the  usual 
discharge  of  mecon- 
ium, or  an  unusually 
full  appearance  of  the 
child's  abdomen,  with 
restless  manner.  The 
distention  may  not 
occur  for  two  or  three 
days,  as  there  is  little 
wind  formed  in  the 
intestines,  owing  to 
the  infant  being  always 
bom  with  bacteria-free 
contents  of  the  bowel, 
contaminated  later  by 
food  or  anal  infection. 

Children  bom  in  this  condition  do  not  usually  survive  many  days; 
restlessness,  distention,  and  an  inaptitude  for  food  wearing  out  the  vitality 
of  the  infant.  Some  children  live,  however,  for  several  weeks.  If  not 
operated  upon,  the  distention  may  increase  to  large  proportions. 

If  the  occlusion  is  incomplete,  the  symptoms  may  be  less  urgent, 
depending  on  the  degree  of  occlusion,  and  rare  cases  have  even  gone  on 


Fig.  89. — Malformation  or  Anus. 
Enterodeum  (hind-gut)  continued  as  a  tapering  tortuous 
tube  (a)  along  the  raphe  of  the  tK:rotum,  and  ending  by  a  rainut« 
opening  (6)  discharging  meconium  near  the  end  of  the  penis* 
mperforate  ("International  Text-book  of 


r,  anal  depression- 
Surgery"). 
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to  adult  life,  passing  feces  and  urine  through  the  bladder,  urethra,  vagina, 
or  through  a  very  contracted  rectum  or  anus. 

Prognosis  naturally  depends  on  the  form  of  occlusion.  It  is  good 
when  there  is  simply  a  membranous  diaphragm  between  the  rectum  and 
the  anal  dimple;  or  when  the  rectum  opens  freely  into  the  vagina. 

In  all  operative  forms  the  mortality  is  high.  Cripps's  table  of  100 
cases  gives  50  per  cent,  mortality. 

16  cases  colon  opened  in  the  groin 11  died 

3  cases  colon  opened  in  the  loin 2     " 

17  punctured  from  below 14     *' 

8  coccyx  resected 5     " 

37  perineal  dissection  and  incision 14     " 

14  communicated  with  the  vagina 1     " 

3  miscellaneous 3     " 

50  died 


These  statistics  ai-e  a  fair  presentation  of  the  peril,  though  Anders 
reduces  the  mortality  to  37  per  cent,  in  all  forms  after  operation. 

In  brief,  the  condition  offers  to  the  sur- 
geon little  opportunity  for  hope  of  accom- 
plishing brilliant  or  enduring  results,  even 
jafter  the  most  ingenious  and  best  technical 
work. 

Treatment. — Operative  work,  then, 
has  the  following  procedures  to  offer: 

A  temporary  life-saving  artificial  anus 
may  be  made  in  cases  where  the  anal  dim- 
ple is  indicated  (or  even  where  the  peri- 
neum is  unmarked),  if  the  rectal  pouch  is 
full  of  meconium  and  can  be  felt  to  bulge 
in  the  perineum  on  straining.  An  admir- 
able illustration  of  the  serviceableness  of 
this,  and  of  the  difficulty  of  maintaining  a 
permanently  large  anus,  and  the  risk  of 
final  obstruction  from  stenosis  is  shown  in 
a  case  illustrated  by  Bryant  (Fig.  90). 
For  even  this,  the  least  difficult  of  the  operative  procedures,  the 
surgeon  must  have  a  good  light,  ample  assistance  to  hold  the  child's 
perineum  well  up  to  view,  and  good  retraction  of  the  wound.  Ether 
anesthesia  is  essential  to  good  work.  A  median  perineal  incision  well 
back  to  the  coccyx,  followed  by  blunt  dissection  by  finger  or  blunt 
scissor  ends,  will  soon  reveal  the  round  end  of  the  dark  meconium-filled 
gut,  if  it  is  low  enough  for  operative  relief.  If  this  is  not  found  two 
inches  inside  the  skin  in  the  sacral  hollow,  it  is  unwise  to  proceed  further, 
as  the  peril  to  the  child  from  shock  and  the  unsatisfactory  nature  of  the 
resultmg  anus  will  not  justify  the  work.  Most  of  the  cases  of  imperforate 
anus  will  be  found  to  terminate  in  a  low  rectal  pouch,  but  in  the  rest  a 
fibrous  cord  will  be  the  only  tissue  corresponding  to  the  entire  rectum; 
and  occasionally  the  end  of  the  sigmoid  will  be  found  floating  free  in  the 


Fia.  90. — Dilated  Colon  from  Sec- 
ondary Stbnosis  after  Early 
Operation  for  Imperforate 
Anus  (Bryant). 
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abdomen  among  the  other  intestines,  held  only  by  a  fibrous  mesentery. 
In  these  cases  further  search  would  be  hopeless,  and  the  child  should  be 
promptly  given  an  artificial  anus  in  the  left  inguinal  region.  This  will 
save  life  and  give  the  child  a  chance  to  prove  its  viability. 

Incidentally,  the  surgeon  may  well  keep  in  view,  and  tell  the  parents, 
that  most  children  with  congenital  defects  have  a  naturally  deficient 
vitality  during  their  infancy.  Hence  any  attempt  to  perfect  the  restora- 
tion of  the  parts  will  be  a  menace  to  the  infant  until  some  years  have 
gone  by.  For  this  reason  it  is  generally  wise  to  look  upon  all  cases  of 
rectal  defects  as  bad  risks  in  surgery,  and  simply  offer  a  well-made  arti- 
ficial anus  in  the  left  inguinal  region  as,  ab  initio,  the  surgical  procedure 
of  choice. 

In  later  years,  if  the  case  has  been  one  of  fecal  fistula  into  the  perineum 
or  genito-urinary  tract,  a  long  absence  of  fecal  discharge  except  through 
the  inguinal  anus  will  allow  the  fistula  to  close  by  nature's  great  law  of 
stenosis  of  such  defects. 

In  view  of  the  sur\dval  with  such  congenital  defects,  what  surgical  pro- 
cedure can  be  offered?  Each  case  must  be  a  law  unto  itself,  and  excite  the 
surgeon's  ingenuity.  But  there  is  no  one  defect  which  may  not,  with 
more  or  less  peril,  be  overcome. 

The  vesical  fistula  would  seem  to  be  most  in  need  of  repair,  inasmuch 
as  the  feces  contaminate  the  urine,  and  gas  and  dissolved  feces  may  be 
passed  for  years  without  a  fatal  end.  Nature  is  sometimes  tolerant  of 
such  defects,  and  infection  does  not  always  ascend  the  ureters. 

Without  specifying  individual  types  of  rectovesical  defectSy  the  surgeon 
will  proceed  along  the  lines  applicable  to  resection  of  the  rectum  by  the 
coccygeal  and  sacral  route.  The  lateral  prone  posture — a  long  median 
posterior  incision;  exposure  of  the  viscera  by  cutting  through  the  leva- 
tor ani  muscles;  isolation  of  the  rectum;  dissection  from  the  bladder 
(with  a  catheter  guide  in  the  bladder) ;  freshening  and  suture  of  the  vesi- 
cal woimd ;  stitching  the  rectum  down  to  the  anus,  or  closing  it  entirely, 
or  connecting  it  with  a  sacral  anus,  and  leaving  a  woimd  partly  open  to 
heal  by  granulation — ^will  most  always  bring  about  a  cure.  It  is  almost 
a  sine  qua  non  in  such  a  case  that  the  bladder  must  immediately  be  drained 
by  the  perineal  route,  and  must  be  irrigated  daily  with  boric  acid  solu- 
tion for  ten  or  twelve  days. 

Urotropin,  grs.  v,  t.  i.  d.,  will  further  purify  the  contaminated  bladder 
urine,  and  insure  success. 

In  female  children  the  rectal  defect  opens  most  commonly  at  the  outlet 
of  the  vagina  at  the  fourchet.  This  admits  of  good  repair,  but  the  ulti- 
mate result,  as  far  as  continence  of  feces  goes,  is  rarely  good. 

The  perineum  should  be  split  through  from  the  fistula  to  the  coccyx, 
the  fistula  dissected  up  to  the  sacral  portion  of  the  gut,  which  is  then 
loosened  from  the  vagina  and  pelvis,  and  brought  down  to  the  correct 
anal  position,  where  it  is  opened  and  sutured.  Afterward  the  perineum 
is  repaired  also  by  suture. 

Most  all  such  artificial  ani  give  a  trumpet-shaped  anus  without  sphinc- 
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teric  action,  the  muscular  innervation  is  defective,  and  admits  of  easy 
prolapse  of  mucosa  afterward. 

Wounds  of  the  Rectum  and  Anus.— These  may  be  either  emer- 
gencies or  produced  by  surgical  mishaps.  The  weight  of  the  body 
in  falling  upon  sticks,  picket  fences,  iron  rods,  the  handle  of  a  hammer, 
a  portion  of  a  broken  crockery  chamber-pot,  or  the  violent  thrust  of  an 
animal's  horn,  a  cane,  or  an  umbrella,  will  occasionally  cause  penetration 
of  the  anus,  or  of  the  ischiorectal  tissues  and  the  rectum;  while  the  violent 
use  of  a  stiff  rectal  syringe  or  a  lx)Ugie  in  dilating  a  stricture  may  easily 
penetrate  the  tender  wall  of  the  upper  rectum.  Many  such  cases  are  within 
the  experience  of  most  surgeons,  and  one  soon  realizes  the  liability  to 
and  the  gi'avity  of  infection  in  these  cases. 

The  wound  does  not  usually  penetrate  the  peritoneal  cavity  or  the 
bladder,  but  it  may  do  either  or  both,  and  in  the  case  of  a  fall  upon  sharp 
objects  it  is  the  first  duty  of  the  surgeon  to  make  prompt  examination 
under  anesthesia,  with  great  thoroughness,  if  there  is  shock  or  evidence 
of  hemorrhage.  It  is  just  as  necessar>'  to  be  prompt  and  thorough  in 
treating  with  a  case  as  it  is  to  insist  on  the  prompt  treatment  of  a  com- 
pound fracture  under  ether,  no  matter  how  small  the  skin  defect.  The 
concealed  and  easily  infected  nature  of  the  part  injured  demands  early 
cleansing  and  drainage. 

Stretching  of  the  sphincter,  with  drainage  of  the  rectum  by  a  rubber 
tube  wrapped  with  iodoform  gauze,  after  inspection  of  the  mucous  mem- 
brane, and  cleansing  or  packing  any  small  internal  lacerated  wound,  will 
prevent  the  otherwise  inevitable  perirectal  infiltration  due  to  confined 
gases  and  feces. 

If  there  is  any  reason  to  suspect  peritoneal  infection, — indicated  by 
abdominal  tenderness,  rising  temperature,  vomiting,  restlessness,  or 
shock,  or  by  discovering  that  a  blimt  instrument  passes  through  a  rent  in 
the  anterior  rectal  wall, — it  is  the  imperative  duty  of  the  surgeon  to  open 
the  abdomen  suprapubically  and  explore  the  pelvic  pouch  by  sponges 
for  evidence  of  soiling;  and  if  this  is  foimd,  to  wash  the  nearby  coils  of 
intestine  with  normal  salt  solution;  cleanse  the  pelvis  likewise  and  drain 
it  by  tube  and  gauze  passed  out  of  the  pelvis,  through  the  rectum  and 
out  of  the  anus. 

Stretching  a  high  rectal  stricture  by  a  hard  bougie  carries  a  consider- 
able risk  of  piercing  the  diseased  wall,  and  may  be  followed  by  abscess 
and  pyemia,  if  it  does  not  enter  the  peritoneum  and  produce  peritonitis. 

Laceration  of  the  rectal  wall  by  violent  pressure  of  childbirth  carries 
little  risk  of  infec^tion,  owing  to  the  rectovaginal  septum  being  torn 
through  and  the  best  drainage  established.  Repair  is  admirably  effected 
by  perineorrhaphy. 

The  author  was  recently  called  to  the  country  to  operate  on  a  child 
of  three  years  for  acute  peritonitis,  supposed  to  be  from  appendicitis. 
On  narrating  the  history  the  mother  said  the  child  had  complained  of 
stomach  pain,  for  which  she  gave  an  injection  into  the  bowel,  with  the 
child  laid  across  her  lap,  using  a  hard-rubber  rectal  tube  of  adult  size. 
The  child  struggled  violently,  but  the  mother  attributed  its  resistance 
to  dislike  of  the  enema. 
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Peritoneal  distention  and  fever  followed,  and  when  operation  was 
performed  the  enema  was  found  in  the  peritoneum. 

Foreign  bodies  in  the  rectum  contribute  a  weird  chapter  in  the 
surgery  of  this  part.  The  surgeon  is  called  upon  to  remove  either 
objects  swallowed,  which  have  passed  through  the  entire  alimentary 
canal  without  injuring  it,  and  then  stuck  above  the  anal  sphincter,  or 
objects  which  have  been  introduced  into  the  rectum  from  various  motives. 
Perhaps  the  most  common  motives  have  been  to  relieve  pain  of  hemor- 
rhoids by  internal  pressure,  to  hold  back  piles  or  prolapses  of  the  rectum 
and  stop  hemorrhage,  to  satisfy  a  prurient  sense  of  unnatural  pleasure,  or 
to  arrest  a  continuous  itching  of  the  anus. 

In  one  remarkable  case  of  Thomdyke's,  of  Boston,  a  sailor  had  in- 
geniously practised  relieving  his  occasional  retention  of  urine  by  crowding 
a  blunt  bottle  up  the  rectum,  and  thus  assisting  his  bladder  to  evacuate 
itself.  On  one  occasion  he  substituted  a  long,  smooth  stone,  which 
slipped  from  his  grasp  and  nearly  lost  him  his  life,  as  it  perforated 
the  peritoneal  cavity,  and  was  removed  from  among  the  intestines  by 
laparotomy. 

The  narrative  of  the  variety  of  objects  so  discovered  sounds  like  a 
Munchausen  tale.  Objects  smooth  and  rough,  sticks,  bottles,  cane  ends, 
crockery,  cups,  metal  objects,  and  stones,  are  but  a  few  of  the  objects 
found.    Their  use  is  often  concealed  by  the  patient. 

Treatment. — ^The  ingenuity  of  the  surgeon  will  be  taxed  to  remove 
these  without  further  injury — whether  it  be  an  open  safety-pin,  a  large 
smooth  object,  or  a  stick  or  bottle.  The  sphincter  closes  over  it  and  it 
will  be  usually  necessary  to  anesthetize  the  patient  and  stretch  the 
muscle.  Extraction  of  most  foreign  bodies  will  be  facilitated  by  a  bent 
loop  of  heavy  wire  (telegraph  wire),  bent  hook  fashion  at  its  end,  aided 
by  good  anal  retractors  and  by  lithotomy  forceps  which  have  a  smooth 
wide  bowl,  applied  like  obstetric  forceps,  preventing  anal  injury  during 
extraction. 

Few  foreign  bodies  result  in  grave  danger,  though  inflammation  and 
abscess  may  extend  into  the  Ischiorectal  fossa. 

Inflammation  of  the  Rectum  and  Perirectal  Spaces.— Catarrhal, 
ulcerative,  or  infected  inflanunation  of  the  mucosa  of  the  rectum  (proctitis) 
is  a  not  uncommon  affection  in  mild  degree,  but  it  may  become  chronic 
or  may  extend  to  the  perirectal  tissue  and  menace  life. 

In  children  its  origin  is  usually  mechanical,  from  causes  such  as  pin- 
worms,  or  the  persistent  use  of  glycerin  or  irritating  suppositories  or 
severe  enemata;  or  it  may  be  the  final  stage  of  a  dysenteric  enteritis. 

In  adults  its  simplest  form  may  be  seen  in  irritation  of  the  rectum 
after  prolonged  use  of  nutrient  enemata,  and  in  severer  form  from  dysen- 
teric infection,  or  gonorrheal,  s>T)hilitic,  or  bacterial  inflammation. 

The  presence  of  hardened  scybala  long  retained  and  irritating  the 
rectal  wall,  even  to  ulceration;  the  presence  of  small  rectal  polypi; 
adenomata,  or  ulcerated  hemorrhoids,  producing  by  their  presence  a 
tenesmus,  congestion  and  catarrhal  inflammation;  or  infection  through 
cancerous  grow-ths  with  loss  of  mucous  membrane; — and  finally  the 
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cellulitis  following  infected  wounds,  traumatic  or  siurgical  (including  those 
produced  from  within  by  spicules  of  bone,  oysternshell,  pins,  husks  of 
cereals,  or  hard  bits  of  fecal  matter  pushed  through  the  mucous  wall  after 
being  entrapped  in  follicles  or  normal  folds),  are  some  of  the  causes  of 
inflammation  requiring  surgical  care. 

The  symptoms  of  the  catarrhal  or  ulcerative  type  are  those  of  dysen- 
tery: constant  tenesmus  with  squirts  of  thin  mucus,  a  little  thin  feculent 
matter,  and  streaks  of  blood;  general  distress  of  mind  and  body,  with 
neuralgic  pain  in  the  pelvis,  bladder,  and  down  the  thighs,  often  producing 
considerable  loss  of  flesh,  inaptitude  for  food,  and  disablement  from  work. 

Speculum  examination  shows  abundance  of  tough  mucus  clinging 
to  red,  inflamed  mucous  membrane,  and  in  places  loss  of  epithelium,  or 
small  patchy  ulcers,  which  bleed  easily  on  swabbing.  There  may  l)e  a 
streptococcus  infection  with  the  f onnation  of  false  membrane,  which  may 
be  thrown  off  in  sheets.  Even  diphtheritic  membrane  has  been  seen 
lining  the  canal. 

Treatment. — ^The  treatment  of  these  types  should  be  cleansing,  anti- 
septic, and  soothing.  Doubtless  all  are  more  or  less  infected  by  bacteria 
in  a  state  of  activity  and  unwonted  viiTilence.  Hence  the  first  local 
application  should  l^e  directed  to  their  control.  Nitrate  of  silver  solution 
(10  grs.  to  the  oimce),  swabbed  on  the  surface,  has  stood  the  test  of  years 
better  than  any  of  the  severer  bactericides. 

Following  one  or  more  such  applications,  irrigation  of  the  whole 
rectum  twice  daily  by  warm  boracic  acid  in  a  half-strength  saturated 
solution  will  do  more  to  quickly  and  permanently  quiet  the  inflammation 
than  any  other  mild  antiseptic.  In  addition  to  this,  a  four-ounce  demul- 
cent flaxseed  enema  (5ij  whole  flaxseed  boiled  in  a  quart  of  water),  to 
which  is  added  ten  drops  of  laudanum,  will  put  the  rectum  at  rest.  The 
retention  of  this  will  depend  on  making  brief  gentle  pressure  on  the  funda- 
ment, until  the  equilibrium  of  the  sphincter  muscles  has  been  established. 

In  severe  ulcerative  proctitis  one  or  two  applications  of  nitric  acid 
on  a  cotton  swab  to  the  ulcerated  surface  will  usually  cure  when  nothing 
else  will. 

Once  the  infection  has  penetrated  to  the  perirectal  cellular  planes, 
we  have  to  face  anatomic  factors  which  must  be  understood  in  order  to 
combat  the  tendency  to  pelvic  and  systemic  invasion. 

Granted  that  infection  has  escaped  through  the  broken  mucosa,  it 
enters  cellular  planes  which  are  so  loose  that  this  layer  moves  more  or 
less  freely  on  the  muscular.  The  escape  of  septic  material,  therefore, 
is  along  a  plane  in  the  anal  part  outward  into  the  rectal  fat;  while  above 
the  internal  sphincter  it  spreads  into  the  pelvic  rectal  space,  and  thence 
breaks  through  the  levator  ani  muscle  and  invades  the  ischiorectal  fossa. 

Ischiorectal  abscess  announces  itself  by  weight  and  aching  in 
the  pelvis,  and  tenderness  in  pressing  about  the  anus,  with  coincident 
malaise  for  twci  days.  Then  a  chill,  sharp  fever,  103°  to  104°  F.,  dry 
tongue,  headache,  backache,  and  painful  defecation.  Examination  shows 
a  characteristic  bulging  at  one  side  of  the  anus  extending  to  the  ischium. 
It  throbs  and  is  most  tender. 
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It  is  a  waste  of  time  to  apply  ice  or  poultices.  If  the  confined  septic 
pus  is  not  evacuated,  the  tendency  is  to  spread  into  all  the  fat  and  cellular 
tissue,  which  becomes  necrotic,  and  it  is  not  uncommon  to  observe  a 
large  purple  swelling  of  the  nates,  which,  when  evacuated  at  last,  gives 
exit  to  foul  gas,  masses  of  gangrenous  tissue,  and  stinking  pus,  which 
continues  to  flow  for  hours. 

The  patient  has  already  become  pyemic  and  may  readily  die  from 
sepsis,  though,  usually,  operation  quickly  turns  the  tide  in  his  favor. 

Incisions  have  to  be  extremely  liberal,  as  in  all  cases  of  septic  cellulitis. 
A  four  or  six  inch  cut  parallel  with  the  median  line  will  suffice,  and  if 
necessary  one  on  the  opposite  side  when  it  has  crossed  the  raphe,  as  it 
may.  Thorough  irrigation  of  the  cavity,  and  light  iodoform  gauze  pack- 
ing with  one  or  two  drainage-tubes,  lead-pencil  size,  put  deep  into  the 
fossa,  will  give  prompt  relief. 

I  would  here  emphasize  the  grave  error  too  often  committed,  of  using 
hydrogen  peroxid  in  these  loose  tissue  infections  as  a  purifying  agent. 
It  is  a  dynamic  force, 
pushing  the  infection  in- 
to hitherto  uninvaded 
spaces  by  the  gas  liber- 
ated in  the  deeper  parts 
under  confinement,  and 
should  never  be  used  ex- 
cept on  open  surfaces. 

Fistula  in  Ano.— 
Most  abscesses  about  the 
i-ectum  and  anus,  after 
evacuation,  heal,  up  to  a 
certain  point,  but,  unlike 
those  in  any  other  part  of 
the  body,  leave  an  un- 
healed   channel    leading 

from  the  point  of  evacuation  to  the  point  of  origin.  This  fistula  is  most 
obstinate  and  constantly  demands  surgical  consideration.  (See  Fig. 
91.) 

It  may  take  one  of  several  forms,  according  to  its  outlet.  The  outlet 
may  be  on  the  skin  within  one  or  two  inches  of  the  anus,  according  to  the 
distance  pus  has  burrowed;  and  the  internal  opening  may  be  just  within 
the  anal  margin.  Or,  with  a  similarly  placed  outlet,  it  may  open  into 
the  rectum  above  the  internal  sphincter.  It  may  open  between  the 
sphincters  and  burrow  upward  or  downward  with  no  other  opening 
(blind  internal  fistula) ;  or  it  may  open  outside  and  burrow  up  and  down 
from  an  internal  orifice.  Thus  we  may  find  complete  fistulas  where  there 
is  an  opening  within  and  without,  and  incomplete^  where  there  is  but 
one  opening,  either  within  or  without. 

Again,  we  may  have  the  horseshoe  fistula  with  several  openings  on 
the  skin,  connecting  by  tortuous  subcutaneous  channels,  all  leading  to 
one  opening  internal  to  the  anus. 


Fio.  91. — Fistula  in  Ano. 
1  and  2,  Usual  fistula  in  ano;   3,  complete  fistula,  both 
sphincters;    4,   incomplete  internal  fistula;    5,  incomplete 
external  fistula.. 
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A  fiMida  is  often  seen  communicating  between  the  vagina  or  vulva 
and  the  rectum,  and  at  times  opening  from  the  rectum  into  the  bladder. 

The  vast  majority  of  fistulas  open  internally  between  the  two  sphinc- 
ters, and  undoubtedly  originate  in  the  small  ulcer  conunonly  found  be- 
tween the  sphincters.  In  such  cases  an  exploring  probe  passes  from  the 
skin  opening  into  the  anal  portion  of  the  rectum. 

The  obstinacy  of  these  fistulas  to  undergo  spontaneous  cure  depends 
on  the  incessant  mobility  of  the  parts,  and  on  two  factors  which  are  more 
constant,  namely,  the  escape  of  material  from  the  bowel  into  them,  and 
the  presence  of  a  funnel-shaped  upper  opening  where  the  mucosa  cicatrizes 
into  the  fistula,  thus  defeating  the  normal  law  of  closure  of  stenosis  after 
granulation. 

Fistula  in  ano  often  persists  for  many  years  with  little  annoyance 
other  than  a  slight  soiling  of  the  linen.  Occasionally,  however,  the 
external  opening  closes  and  a  repetition  of  the  original  ischiorectal 
abscess  takes  place. 

In  consumptives  the  type  of  fistula  differs  little  from  others  except 
in  sluggishness  and  gray  tuberculous-appearing  granulations.  Less  than 
a  generation  ago  it  was  considered  beneficial  for  a  consumptive  to  have 
an  uncured  fistula;  this  was  a  relic  of  the  fetish  of  an  established  seton 
or  running  sore  in  scrofulous  cases.  It  is  now  universally  regarded  as 
better  for  the  tuljerculous  fistula  to  be  cured. 

The  sjrmptoms  of  internal  fistula  are,  persistent  it<*hing  and  a  gnaw- 
ing or  crawling  feeling  within  the  anus,  without  pain.  Examination  by 
speculum  in  a  good  light  will  sometimes  show  a  little  pus  appearing  on  the 
mucous  membrane,  when  pressure  is  made  outside.  But  more  often 
anesthesia,  rectal  dilation  and  inspection  are  needed  definitely  to  show 
the  pocket,  which  will  he  found  to  l>e  a  normal  crypt  with  a  submucous 
channel  which  must  be  widely  cut. 

Operation. — In  the  vast  majority  of  fistulas  the  surgeon  passes  a 
probe  director  from  the  skin  opening  into  the  rectum  between  the  two 
sphincters,  and  with,  a  knife  cuts  all  the  skin  and  anal  margin  raised  on 
the  director.  This  means  division  of  the  external  sphincter,  which  does 
not  materially  weaken  the  muscular  control  of  the  bowel.  The  cut  tis- 
sues should  be  packed  with  a  little  strip  of  iodoform  gauze  for  a  week, 
to  prevent  bridging  over  and  reproduction  of  the  fistula.  It  is  often 
sufficient  if  the  finger  is  merely  passed  along  the  cut  every  day  or  two  to 
prevent  premature  surface  healing. 

It  is  a  much  more  serious  matter,  however,  to  cut  both  sphincters, 
which  often  results  in  inconvenience  which  makes  a  patient  suffer  mor- 
tification and  discomfort  for  life,  and  may  require  a  difficult  plastic 
operation  to  repair.  Hence  the  surgeon  resorts  to  every  possible  expe- 
dient before  cutting  both  sphincters. 

He  may  sometimes  cure  these  deep  fistulas  by  thoroughly  stretching 
the  muscles  under  anesthesia,  then  curetting  the  fistula  most  thoroughly, 
especially  at  its  upper  part,  scraping  out  the  ingrown  mucous  funnel — 
syringing  out  the  canal — until  it  may  be  considered  clean  and  fresh. 
Then  by  inserting  into  the  rectum  a  rubber  tube  wound  with  iodoform 
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gauze,  so  as  to  make  a  plug  an  inch  in  diameter  which  will  compress  the 
walls  of  the  sinus,  he  may  cause  adhesive  closure  which  will  be  permanent. 
Much  depends  on  thoroughness,  and  on  preliminary  catharsis  for  three 
days,  with  complete  constipation  and  light  diet  for  a  week  to  ten  days 
after  operation.  An  opiate  may  occasionally  be  needed,  but  gas  escapes 
through  the  tube  and  patients  suffer  no  discomfort. 

In  relaxed  sphincters  or  those  which  have  been  destroyed  by  deep 
cutting,  two  expedients  are  at  command — the  submucous  injection  of 
wax,  after  Gersuny's  method,  or  a  plastic  repair,  as  in  perineorrhaphy. 

The  wax  injection  must  be  made  with  every  clean  precaution  and  will 
produce  a  dense  substitute  wall  for  the  space  occupied  by  the  muscle, 
giving  a  firm  resisting  dam,  and  thereby  assisting  the  remaining  por- 
tion of  muscle,  which  is  still  active  but  inadequate. 


Fio.  92. — Operation  for  Fistula  in  Ano  (Fowler). 

Gersunj/s  Method, — ^The  wax  and  vaselin  being  compounded  to  the 
right  consistency  is  kept  fluid  in  a  Pravaz  syringe  immei-sed  in  hot  water. 
The  needle  for  this  is  used  on  another  syringe  to  inject  a  half  dram  of 
weak  cocain  or  novocain  solution  into  the  cellular  plane  underlying 
the  anal  mucous  membrane  and  to  withdraw  most  of  this  to  demonstrate 
that  the  needle  is  not  inserted  into  a  large  venous  dilatation.  If  the  fluid 
returns  without  much  blood,  the  wax-filled  syringe  is  now  screwed  on 
and  a  dram  or  so  is  forced  into  the  space  and  modeled  flat  by  digital 
pressure. 

The  plastic  operation  consists  in  marking  an  outside  marginal  cut  on 
the  cutaneous  border,  and  dissecting  up  an  unbroken  tube  of  mucous 
membrane  covering  the  outlet.  This  lays  bare  the  ends  of  the  sphincter, 
and  a  series  of  retention  sutures  to  last  ten  days  will  bring  them  in  apposi- 
tion as  the  V-shaped  cut  is  closed.    Two  silkworm-gut  stitches,  as  in 
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perineorrhaphy,  will  hold  sufficiently.  A  small  pencil-sized  rubber  tube 
wrapped  about  with  a  single  layer  of  iodoform  gauze  may  be  inserted  in 
the  rectum  as  a  safety-valve  for  escape  of  gas,  and  to  permit  introducing 
an  enema  after  ten  days. 

Large  rectovaginal  or  rectovesical  fistulas  have  frequently  been  cured 
by  a  plastic  operation  as  follows: 

In  the  rectovaginal  fistula  the  patient  is  placed  in  the  lithotomy  posi- 
tion, the  sphincter  stretched,  and  a  circular  incision  made  at  the  muco- 
cutaneous junction.  The  mucous  membrane  is  then  dissected  up  by 
blunt  scissors,  showing  the  sphincter  muscle,  and  is  to  be  separated  well 
up  beyond  the  opening  into  the  vagina.  The  edges  of  the  latter  are  then 
freshened  and  sutured  on  the  vaginal  mucous  surface.  The  dissected 
tube  of  rectal  mucous  membrane  is  then  drawn  down  and  stitched  to 
the  skin  by  continuous  catgut  stitch.  The  rectal  gauze-wound  tube  is 
inserted  to  make  pressure  and  induce  adhesion  of  the  new  tissue  layer, 
and  to  protect  the  outer  line  of  sutured  skin.  On  the  fifth  or  perhaps 
the  fourth  day  the  union  is  complete. 

In  the  rectovesical  fistula  a  perineal  incision  is  made  in  front  of  the 
prostate  for  irrigation  and  catheter  drainage.  Then,  the  sphincter  being 
stretched,  the  walls  of  the  opening  can  be  cut  freshly  and  sutured  on  the 
rectal  side  firmly.  It  is  possible  to  make  even  a  separate  catgut  suture 
of  the  bladder  wall,  and  a  separate  one  of  the  rectal  wall.  Success  will 
be  insured  if  tension  is  taken  off  both  by  catheter  drainage,  and  if  boracic 
acid  irrigation  of  the  bladder  be  maintained  for  a  week.  The  rectum 
must  be  put  at  rest  by  the  gauze-wound  rectal  tube  and  by  opiates. 

Fissure  in  Ano. — A  small  crack  in  the  folds  of  the  anal  margin, 
partly  or  wholly  in  the  grasp  of  the  sphincter,  may  be  made  by  scratching 
of  harsh  fecal  matter,  or  by  undue  stretching  during  the  passage  of  un- 
usually large  constipated  movements.  For  some  unknown  reason  such 
scratches  will  occasionally  remain  unhealed  for  a  few  days,  and  then, 
owing  to  indurated  edges,  the  depth  perhaps  touching  the  sphincter  muscle 
fibers,  and  entrapping  a  tenninal  nerve-fiber,  on  its  granulating  surface, 
there  ensues  a  series  of  mishaps  which  prevent  its  natural  healing.  Most 
of  all,  the  sphincter  reflex  keeps  the  outlet  guarded  so  as  to  induce  con- 
stipation from  sheer  indisposition  of  the  patient  to  bear  pain.  This 
gives  double  aggravation  from  scybalous  movement.  Then  the  nerve- 
end  becomes  inflamed  and  pain  extends  to  the  spinal  system,  impairing 
the  patient's  health.  Induration  of  the  base  of  the  crack  produces  a 
hard  ulcer  which  when  stretched  cracks  and  bleeds  more  easily.  A 
chronic  infected  tender  fissiu^  at  last  is  developed  which  endures  for 
months  or  years,  and  frequently  wears  out  the  nerves  and  constitution 
of  even  strong  patients.  A  neurasthenic,  anemic,  emaciated  wreck  of 
humanity  may  be  at  last  the  outcome  of  a  small  fissure.  Such  is  the 
picture  of  the  worst  results  of  spinal  reflexes  from  an  imtated  fissure. 

On  the  other  hand,  a  persistent  fissure,  even  if  of  larger  size,  may 
remain  unhealed  for  months,  merely  because  of  the  incessant  play  of  the 
fibers  of  sphincter  muscle  underlying  it,  and  give  little  pain,  though 
occasionally  bleeding. 
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Women  of  neurasthenic  tendency  and  false  sense  of  modesty  will 
conceal  the  anal  trouble  or  refuse  examination  until  the  observant  prac- 
titioner disarms  them  by  wisely  suggesting  that  ''nothing  is  indelicate 
that  is  necessary."  Digital  exploration  is  often  the  only  thing  necessary 
in  examination,  for  the  extremely  tight  sphincter  ani  and  the  shrinking 
patient  inmiediately  tell  the  story. 

The  cure  of  fissure  is  accomplished  in  one  of  three  ways.  The  best 
and  simplest  way  is  by  dilatation  of  the  sphincter  under  anesthesia.  I  have 
not  found  nitrous  oxid  gas  generally  useful,  as  the  patient  stiffens  the 
thighs  and  abdominal  muscles  immediately  on  experiencing  a  reflex  from 
the  ulcer;  thus  defeating  the  best  intended  effort  to  stretch  enough  to 
completely  cure. 

Ether  gives  perfect  relaxation.  With  the  patient  in  the  lithotomy 
position  the  operator  introduces  one  finger,  then  two,  then  both  thumbs, 
and  by  kneading  niotion  causes  general  stretching  of  sphincter  fibers,  until 
the  thumb  surface  presses  the  tuber  ischium  on  each  side.  An  opium  sup- 
pository (i  gr.  aqueus  extr.)  is  left  in  the  rectum  and  in  a  few  moments 
the  patient  is  out  of  ether. 

If  the  patient  refuses  anesthesia,  then  the  surgeon  settles  down  to 
patiently  conquer  the  pain  by  2  per  cent,  cocain,  eucain,  or  novocain 
solution  applied  to  the  outer  part  of  the  fissure,  then  deeper  and  deeper 
until  it  is  benumbed.  Then  a  solution  of  nitrate  of  silver  (20  grs.  to  1 
ounce)  is  applied  to  the  ulcer.  Some  even  draw  a  solid  stick  of  silver 
nitrate  along  the  fissure.  This  is  repeated  two  or  three  times  weekly 
with  persuasive  efforts  to  dilate  by  smooth  steel  sounds,  which,  in  time, 
will  accomplish  all  that  is  necessary. 

If  the  fissure  can  be  numbed  enough  by  cocain,  a  drop  of  the  same  can 
be  inserted  into  the  base  of  the  sore  by  a  hypodermic  needle,  and  a 
knife  can  be  drawn  along  the  base,  cutting  into  the  muscle  enough  to 
break  the  continuity  of  the  underlying  muscle-fillers.  By  one  of  these 
methods  the  most  intractable  and  painful  fissure  can  be  cured. 

Ulcers  of  the  anus  and  rectum  are  either  simple,  tuberculous, 
syphilitic,  or  malignant. 

Any  of  these  may  be  found  at  the  margin,  or  in  the  grasp  of  the  anus, 
or  higher  up  on  the  rectal  wall.  The  simple  variety  may  begin  at  the 
anal  margin  as  a  fissure  or  within  the  rectum;  it  may  be  dysenteric  or 
amebic. 

The  term  dysenteric  may  be  well  used  to  include  varieties  of  infected 
ulceration  (such  as  are  not  included  in  tuberculous  or  syphilitic,  although 
the  latter  are  specific  infections).  Many  of  these  are  associated  with 
inflammation  of  the  colon  mucosa,  and  are  of  short  duration,  representing 
abrasion  and  loss  of  superficial  epithelium  rather  than  deep  ulcers;  but 
accompanied  by  exfoliation  of  sheets  of  lymph  with  epithelial  cells  cling- 
ing, and  with  discharge  of  blood  from  underlying  bare  surface.  This 
type  heals  without  apparent  injury  to  the  tissue. 

Yet  any  of  the  infected  type  may,  at  different  stages,  be  represented 
by  shallow  abrasions;  small,  follicular,  worm-eaten  ulcers,  undermining 
the  mucosa;    or  flat,  wide,  punched-out  erosions.    If  by  chance  they 
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may  be  caused  by  scratching  of  rough  food  particles,  by  mechanical 
irritation  of  chemicals  (injection  of  mercury  bichlorid,  carbolic  acid),  by 
erosion  of  varicose  hemorrhoid  surfaces,  or  by  pressure  of  hard  scybala 
packed  into  the  ampulla,  or  even  a  traumatism  from  injury  or  surgical 
effort,  they  are  quickly  infected  by  the  intestinal  bacteria,  and  at  times 
persist,  though  prone  to  heal  naturally. 

The  amebic  type  are  prone  to  persist.  They  are  shallow  ulcerated 
surfaces,  characteristic  of  cases  of  tropical  dysentery  transplanted  to 
cool  climates,  and  are  one  of  the  causes  of  hepatic  abscess. 

The  amebas  are  directly  transported  by  the  hemorrhoidal  veins  to 
the  hepatic  system.  The  surface  of  these  ulcers,  as  well  as  the  abscess 
of  the  liver,  yield  living  amebas,  readily  found  under  the  microscope. 
Careful  inspection  of  the  rectum  by  a  well  illuminated  speculum  will  give 
the  surgeon  a  chance  to  apply  nitric  acid  on  a  cotton  swab  to  each  ulcer, 
which  with  rectal  irrigation  by  warm  boracic  acid  solution  will  quickly 
cure  the  case. 

Tuberculous  ulcers  are  produced  in  tuberculous  patients  by  auto- 
inoculation  by  sputum,  the  tuberculous  bacilli  being  pressed  into  follicles 
and  abrasions.  These  with  associated  pyogenic  bacteria  soon  produce  a 
penetration  into  the  submucous  cellular  plane  and  beget  small,  sluggish 
abscesses  which  spread  up  and  down  from  their  origin,  and  when  opened 
give  tuberculous  fistulas.  This  type  of  ulcer  is  occasionally  multiple, 
and  often  gives  no  pain,  but  yields  a  purulent  surface  discharge  and  oc- 
casional streaks  of  blood.  It  may,  however,  be  very  extensive  after  long 
development  in  tissues  of  slight  resistance,  when  they  show  a  more  foul 
and  sloughy  character. 

Patients  suffering  from  tuberculous  ulcers  are  not  generally  in  good 
condition  for  extensive  surgical  treatment,  and  while  much  more  can  be 
done  under  anesthesia,  they  must  be  considered  as  bad  surgical  risks. 
Hence  patience,  local  cocain  applications,  and  rectal  irrigation  are  among 
the  most  helpful  agents  of  relief. 

The  tuberculous  ulcers  may  extend  from  one  end  of  the  colon  to  the 
other  when  only  the  rectal  ones  may  be  in  evidence.  Hence  the  per- 
sistence of  a  chronic  colitis  with  emaciation,  out  of  proportion  to  the 
visible  ulcers,  will  warn  the  operator  not  to  expect  too  much  from  treating 
only  the  rectal  ulcers. 

The  sluggish  fecal  current  from  the  caput  coli  to  the  anus  gives  oppor- 
tunity for  invasion  of  the  bacilli  in  any  part  of  this  tract,  but  naturally 
with  greater  frequency  in  the  lower  end,  where  traumatism  of  hard  fecal 
matter  is  more  common. 

The  treatment  of  chronic  tuberculous  ulcers  of  the  rectum,  therefore, 
may  well  be  combined  with  that  of  those  higher  in  the  colon — by  rectal 
irrigation. 

In  this  form  we  have  most  important  and  efficient  help  in  the  use  of 
two  methods.  First,  the  irrigating  tube,  which  need  not  be  long,  which 
is  placed  just  within  the  anus  and  by  a  gentle  flow  of  warm  salt  solution 
allows  flushing  out  the  entire  descending  and  often  the  transverse  and 
perhaps  the  ascending  colon,  after  which  a  boracic  acid  solution  is  allowed 
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to  flow  in  and  out,  which  medicates  the  canal  and  has  great  healing  pro- 
perties. 

We  have  in  a  simple  surgical  procedure  an  opportunity  more  per- 
fectly to  flush  the  colon  from  end  to  end.  This  consists  in  establishing  a 
small  artificial  fistula  at  the  caput  coli, — easily  done  under  cocain  anes- 
thesia,— and  persistently  flushing  the  colon  from  there  to  the  anus  daily 
for  weeks. 

This  method  was  inaugurated  by  Gibson  for  treatment  of  tropical 
dysentery,  and  has  proved  a  great  boon.  Weir's  modification  by  irri- 
gating through  the  appendix,  which  is  left  in  the  wound  permanently, 
has  much  advantage. 

Syphilitic  ulcers  are  uncommon  about  the  anal  margin,  in  either  the 
primary  or  the  secondary  form.  Under  the  term  syphilitic  one  may  include 
the  venereal  chancroid,  for  simple  description's  sake.  This  is  not  as  rare 
as  the  Hunterian  chancre,  and  in  women  is  said  to  be  present  as  frequently 
as  once  in  nine  cases,  while  in  men  it  is  hardly  ever  seen.  The  anal 
chancroid  is  probably  an  auto-inoculation  from  the  primary  nearby  sore. 
Its  presence  inside  the  rectum  is  extremely  rare,  but  has  been  known  to 
produce  a  phagedenic  type  of  ulcer,  with  sloughing  of  the  rectal  wall. 

Medical  literature  does  not  yield  any  case  of  true  primary  venereal 
sore  inside  the  rectum.  Nevertheless  there  are  secondary  patches  at 
the  anus,  and  tertiary  ulcers  within,  which  are  true  syphilitic  disease. 
Mucous  patches  are  common,  and  present  a  wet,  swollen,  foul,  gray, 
secreting  surface,  which  by  reason  of  the  confined  space  and  contact  with 
the  opposite  side  of  the  anal  skin  usually  engender  hypertrophic  changes 
of  condylomatous  type,  often  making  large,  damp,  wart-like  growths. 
These  latter  are  hardly  to  be  distinguished  from  verruca  condylomata 
of  non-malignant  tjrpe,  imless  the  mucous  patch  can  be  easily  identified, 
or  others  in  the  mouth  or  vulva  demonstrated,  or  unless  early  syphilis 
can  be  proved. 

The  proneuess  of  surgeons  to  pronounce  certain  ulcers  of  the  interior 
of  the  rectum,  not  otherwise  accounted  for,  to  be  of  probable  syphilitic 
origin  is  not  borne  out  by  the  facts.  Until  a  specific  lesion  of  the  disease 
or  microscopic  characters  (spirochaeta)  can  be  demonstrated,  more  con- 
servative statements  must  prevail.  Incidentally  the  administration  of 
anti-syphilitic  treatment  rarely  adds  to  the  efficiency  of  local  treatment 
in  curing  them.  These  points  are  rightly  defended  by  Kelsey  from  ex- 
perience and  conscientious  study  of  the  subject. 

Malignant  ulceration  of  the  rectum  can  resemble  other  types  in 
its  early  development*  No  doubt  the  development  of  adenoid  types  of 
gi-owth  when  early  ulcerated,  as  often  happens,  from  devitalization  and 
disintegration  of  the  central  parts,  produces  an  ulcer  which  may  closely 
resemble  the  tuberculous.  In  either  case  (we  will  suppose  an  ulcer  of  the 
size  of  one's  thumb-nail)  there  will  be  a  destruction  of  the  central  growth 
and  either  a  raw  bleeding  surface  (if  it  be  malignant),  with  heaped-up 
red  granular  base,  hard  lumpy  edges,  and  ragged  mucous  membrane, 
with  some  sanious  pus  secreted  by  its  surface,  or  (if  it  be  tuberculous)  a 
gray  sluggish  base  with  flatter  and  softer  base  and  edges,  not  bleeding  or 
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secreting  pus.  Possibly  the  caseation  of  deposits  of  tubercle  which  pro- 
duced the  broken-down  ulcer  may  have  spread  so  as  .to  undermine  the 
mucous  edges,  and  some  suppurating  channels  may  have  formed. 

Malignant  ulcers  involve  submucous  areas,  usually,  and  a  hard,  con- 
densed, movable  plaque  of  growth  will  be  felt  by  the  finger  if  it  be  localized 
on  one  side,  or,  if  the  ulcer  surround  the  lumen,  as  most  do,  there  will  be 
felt  a  ragged  cylindric  mass,  always  narrower  than  the  lumen  of  the  bowel, 
and  edged  above  and  below  by  a  fringe  of  loose  tabs  of  membrane  turned 
away  from  the  ulcerated  surface — ^very  much  as  the  serous  lining  of  the 
artery  turns  away  from  the  furrow  cut  into  the  inner  coats  by  a  tight 
ligature  on  the  outer  side. 

A  hard-edged  malignant  ulcer  will  often  encroach  on  or  be  in  the 
gi'Bsp  of  the  sphincter,  and  be  associated  with  other  non-ulcerating 
adenomata  of  the  same  character  at  points  above  within  reach  of  the 
finger.  At  the  anal  margin  there  will  be  a  protrusion  of  part  of  the  ulcer, 
in  time,  with  swollen  tabs  of  mucous  membrane,  while  above  the  sphincter 
the  growth  will  have  the  tendency  to  expulsion  by  oft  repeated  rectal 
impulses. 

Both  these  types,  however,  will  have  the  hard  base  and  raised,  red, 
bleeding  and  secreting  edges,  and  usually  much  less  pain,  to  distinguish 
them  from  the  more  frequent  anal  ulcer  previously  descrilied. 

The  treatment  of  malignant  ulcers  must  be  on  radical  lines,  which  will 
be  described  under  cancer  of  the  rectum. 

Strictures  of  the  Rectum. — ^Any  chronic  ulceration  or  inflam- 
mation of  the  mucous  membrane  of  the  rectum  may  in  time  result  in. 
a  narrowing  and  closure  of  the  lumen  of  the  bowel.  It  has  long  been 
a  disputed  point,  still  far  from  being  settled,  as  to  the  most  prevalent 
causes;  syphilis  in  its  third  stage  and  chancroid  having  been  most  com- 
monly ascribed  as  a  cause  of  the  deep,  hard,  fibrous  masses  extending  a 
finger-length  up  the  bowel.  Yet  it  is  undoubtedly  true  that  in  the  great 
majority  of  such  strictures  no  suspicion  of  that  disease  can  be  had.  Hence 
Kelsey  and  some  othei-s  discard  that  bugbear  and  refuge  of  ignorance, 
and  prefer  to  consider  a  chronic  proctitis  of  simple  type  as  more  correctly 
an  ascribable  cause,  when  no  other  is  clear. 

A  study  of  some  cases  will  reveal  preceding  accidental  ulceration,  or 
an  operation  for  hemorrhoids  unskilfully  done,  or  a  history  of  desquama- 
tive dysentery  with  probably  phagedenic  ulceration.  But  after  excluding 
these  there  remains  a  class  of  dense-walled,  tight  strictures,  through  which 
the  finger  passes  with  difficulty,  smooth  lined  in  sjme  parts,  ulcerated  in 
others,  occasionally  bleeding  a  little,  conical  shaped  and  narrower  as  the 
finger  goes  inward.  The  anus  is  often  relaxed  and  trumpet-shaped, 
owing  to  the  inflammatory  infiltration  of  the  sphinctei-s,  which  have  long 
been  out  of  use,  owing  to  the  narrowing  above. 

The  remains  of  the  rectum  seem  to  be  a  narrow  tube  of  dense  fibrous 
structure,  movable  often  in  the  sacral  hollow,  and  resembling  similar 
stenoses  in  other  parts  of  the  alimentary  canal.  It  closely  resembles 
pyloric  stenosis  in  the  neighborhood  of  gastric  ulcers,  in  all  its  qualities, 
and  both  have  an  associated  infiltration,  inflammatory  and  cellular  in  type. 
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We  see,  similarly,  in  the  mucous  membrane  at  the  proximal  end,  or 
along  the  lumen  of  the  appendix,  typical  stenoses,  with  associated  hyper- 
trophied  walls  and  loss  of  columnar  epithelium,  due  to  purely  inflammar 
tory  and  usually  purulent  ulcerative  type  of  lesion,  taking  years  to  develop 
into  a  stricture  sufficient  to  produce  obstructive  stenosis  and  involve 
the  patient's  health.  These  are  much  more  frequent  than  strictures  of 
the  rectum  and  have  never  been  challenged  as  being  syphilitic  in  origin. 
The  groimd  taken  by  Kelsey,  therefore,  is  to  be  considered  as  the  most 
logical  and  humane.  Opposed  to  this  has  been  the  advocacy  of  Matthews, 
Allingham,  CJooper,  and  Edwards,  that  gummatous  inflammation  con- 
stitutes the  majority  of  precedent  conditions  of  stricture,  for  which  view 
there  seems  little  definite  evidence. 

By  far  the  most  common  cause  of  strictures,  however,  is  malignant 
growth,  annular  cylindric  carcinoma  with  symptoms  always  slowly 
cumulative.  The  patient  complains  of  alternating  diarrhea  and  consti- 
pation, with  mucus  and  blood  occasionally.  As  later  symptoms,  small 
liquid  stools,  never  large  moulded  ones,  are  the  most  universally  acknowl- 
edged evidence,  often  brought  out  by  questions  of  the  surgeon,  because 
the  patient  has  become  so  used  to  taking  medicine  every  night  that  it 
has  been  overlooked  that  normal  stools  are  unseen.  If  the  stricture  is 
low  down  there  will  be  tenesmus;  if  not,  the  patient  may  be  unaware  of 
desire  to  strain,  or  frequent  stools,  or  even  sense  of  weight  and  aching  in 
the  pelvis. 

Examination  by  the  physician  will  best  detect  a  stricture,  of  whatever 
type,  by  placing  the  patient  on  the  side,  when  the  index-finger  will  reach 
nearly  to  the  sacral  promontory,  and  by  conjoined  pressure  of  a  hand 
over  the  bladder  the  upper  rectum  can  be  crowded  down  upon  the  finger. 

If  evidence  of  stricture  is  strong,  but  nothing  can  be  felt,  the  illumin- 
ated cylindric  proctoscope,  used  in  the  knee-chest  posture,  will  detect 
an  annular  constriction  which  may  be  far  beyond  the  finger's  reach. 
Many  prefer  to  explore  by  a  conical  rectal  bougie,  but  if  the  practitioner 
has  limited  experience  he  will  find  difficulty  in  passing  this  in  many  cases 
past  the  fold  of  the  rectosigmoid  juncture,  and  will  suspect  a  narrowing 
when  it  does  not  exist.  The  hollow  soft-rubl^er  bougie  should  be  used, 
^Ith  a  syringeful  of  oil  thrown  into  the  upper  rectum  through  it,  to 
straighten  out  and  lubricate  the  folds. 

Treatment. — Operation  on  the  rectal  stricture  consists  in  conservative 
use  of  bougies;  in  radical  use  of  the  knife;  in  resection  of  the  stricture  if 
dense;  or,  of  anastomosis  of  the  sigmoid  into  a  point  of  rectum  l)elow 
the  stricture  when  the  latter  is  high. 

Bougies  are  sufficient  if  their  use  can  be  maintained  at  intervals  for 
years.  If  omitted,  recontraction  is  inevitable.  On  the  other  hand,  some 
cases  are  aggravated  by  dilatation,  and  bleeding  and  increased  proctitis 
result.  Such  cases  must  be  contente<l  with  slight  dilatation  at  long  inter- 
vals, or  submit  to  operation. 

Several  times  1  have  had  patients  with  long-standing  strictures, 
not  more  than  a  finger-length  from  the  anus,  use  at  regular  inter\'als 
a  bougie  which  I  consider  as  safer  and  perfectly  efficient,  consisting  of 
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an  ordinary  wax  candle,  smoothed  and  shaped  correctly  at  the  end  by 
heating.  This  is  inexpensive,  clean,  and  easily  managed  by  the  patient, 
who  will  be  more  easily  persuaded  to  use  it,  as  he  considers  it  less  of  a 
surgical  instrument. 

If  the  stricture  be  low  in  the  pelvis,  posterior  proctotomy  (Vemeuil) 
will  give  relief,  a  blunt-ended,  heavy,  straight  bistoury  being  carried 
through  the  stricture  and  forced  backward  as  it  is  withdra\^Ti,  so  as  to 
completely  divide  ever\'thing  down  to  the  bone,  including  the  sphincters. 
Temporary  incontinence  results,  but  with  return  of  stenosis  and  healing, 
a  far  more  advantageous  condition  results.  There  is  no  bleeding  to  be 
dreaded  which  packing  with  iodoform  gauze  on  a  gauze-wound  tube  will 
not  control.    Malignant  strictures  will  be  resected  as  described  later. 

A  high  stricture  which  cannot  be  dilated  safely  (though  many  of  them 
can  be)  may  be  circumvented  b}^  turning  the  sigmoid  rectum  down  into 


Fio.  93. — Enterotome  Enlarging  Rectosiqmoid  Anastomo«I8  Circumventing  High  Rectal. 
Stricture.     Bacon's  Operation. 


the  cul-de-sac  of  the  pelvis,  having  first  opened  the  abdomen  in  Tren- 
delenburg's posture,  and  displaced  other  intestines  from  the  pelvis  (Fig. 
93).  Then  by  Murphy's  button,  anastomosis  creates  a  small  opening  at 
its  lowest  point.  If  there  is  sufficient  space  between  the  stricture  and  the 
anastomosed  point  to  permit  of  a  later  enlargement,  the  two  portions  of 
gut  may  be  stitched  together  above  the  anastomosis,  and  when  the  button 
has  come  away  a  clamp  may  be  inserted  per  anum  into  the  opening,  grasp- 
ing the  adjacent  layers  of  bowel  wall,  and  crushing  them  so  as  to  make  the 
requisite  slit  opening  mstead  of  merely  the  aperture  of  the  button. 

Prolapse  of  the  Rectum  and  Anus.— There  is  a  popular  expression 
of  sufferers  from  piles  that  ''the  bowels  come  down."  This  expression 
is  suggestive  to  the  patient  of  what  actually  happens  in  true  prolapse  of 
the  rectum.  But  in  hemorrhoidal  prolapse  there  is  only  a  slipping  of 
the  mucous  membrane  on  the  muscular  coat  of  the  bowel. 
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The  term  prolapsus  ani  may  include  not  only  the  slipping  of  the 
mucous  lining  of  the  lower  rectum  when  hemorrhoidal  tumora  are  forced 
out  and  drag  the  inner  coat  with  them,  but  a  considerable  number  of 
cases  where  the  healthy  anal  mucous  lining  is  extruded  in  a  ring,  as  is 
normal  to  some  animals  at  defecation,  notably  the  horse,  and  which 
returns  immediately  after.  Here  the  loose  connective  tissue  holding  the 
mucous  to  the  fibromuscular  coat  is  such  an  open  network  that  they  are 
feebly  held  together. 

The  term  prolapsus  recti  includes  much  more  and  presents  an  entirely 
different  picture. 

The  entire  rectum  is  turned  inside  out,  as  one  would  turn  a  coat- 
sleeve,  and  presents  a  rosette  of  mucous  membrane  outside  the  anus, 
which  after  many  descents  becomes  larger  and  larger,  creating  a  true 
hernial  bag  of  peritoneum  and  rectum,  containing  some  of  the  pelvic 
viscera. 

Appreciation  of  the  anatomic  fact  can  be  had  only  when  w^e  recall 
that  the  rectum  is  a  large  pouch  loosely  attached  to  the  sacral  hollow  and 
feebly  suspended  to  the  upper  sacrum,  by  a  mesentery,  capable  of  the 
utmost  relaxation  under  strain. 

What  really,  prevents  normal  descent  of  the  rectum  is  the  fibro- 
muscular floor  of  the  bony  pelvic  frame — the  levator  ani  muscles,  which 
hold  the  viscera  as  in  a  sling.  The  outlet  of  this  in  the  adult  pelvis  is  the 
anal  muscular  canal,  which  has  an  axis  pointing  forward  and  upward, 
in  a  line  which  would  emerge  at  the  navel,  and  therefore  nearly  at  a  right 
angle  with  the  sacral  cur\^e,  which  may  be  taken  to  represent  the  direction 
of  extruding  force.  Practically,  then,  the  musculature  of  the  pelvic  anus 
is  designed  in  healthy  adults  to  prevent  any  mishap  such  as  occurs  in  the 
disorder  we  are  speaking  of. 

In  children,  however,  we  have  a  shallow  sacral  curve,  and  loose  net- 
work of  tender  areolar  tissue  stretching  with  great  ease,  and  a  young 
muscular  development  which  imder  the  weakening  influence  of  disease 
and  malnutrition  gives  way  readily,  and  allows  the  easy  descent  of  the 
bowel  through  the  anal  outlet. 

Hence  we  see  the  great  majority  of  cases  of  prolapse  of  the  rectum  in 
children  of  two,  three,  or  four  years,  who  have  either  been  subject  to 
prolonged  whooping-€Ough,  or  weakened  by  diarrhea  with  tenesmus, 
and  forced  to  use  a  vessel  in  defecation  in  the  sitting  posture,  instead  of 
the  napkin  while  lying  down;  the  prolapse,  once  occurring,  stretches  the 
already  weakened  muscle,  which  with  the  coincident  wasting  of  peri- 
rectal fat  allows  the  trouble  to  persist  for  a  time  even  after  health  has 
been  regained. 

The  unsightly  rosette  of  mucous  membrane  often  becomes  an  elongated 
and  flabby  tube  several  inches  in  length,  soft,  velvety,  slimy  to  touch,  not 
usually  painful,  but  becoming  so  if  long  exposed,  and  swelling  and  bleed- 
ing if  not  reduce<l.  This  represents  the  entire  rectal  tube  tiu-ned  inside 
out. 

In  adult  life  we  see  the  same  condition  much  more  rarely.  It  is  about 
equally  common  in  men  and  women.     In  men  it  is  secondary  to  the 
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prolonged  straining  of  constipation  and  hemorrhoids,  or  diarrhea  and 
general  weakness  with  incontinence;  while  in  women  it  is  more  often 
seen  as  a  sequel  to  lacerations  of  the  sphincter  in  parturition,  or  in  old 
enfeebled  paralytics. 

As  noticed  in  the  anatomic  study,  the  posterior  rectal  surface  is  not 
covered  by  peritoneum,  but  in  front  the  cul-de-sac  of  peritoneum  comes 
down  within  reach  of  the  finger  introduced  per  anum.  Hence  when  the 
prolapse  is  at  all  extensive  there  is  a  pouch  of  peritoneum  forced  out  of 
the  anus  inside  the  anterior  rectal  wall.  Into  this,  coils  of  small  intestine 
readily  fall,  and  the  protuberant  prolapsus  then  has  a  pine-apple  shape, 
with  point  downward.  In  women  the  uterus,  ovaries,  and  tubes  may 
occupy  this  space. 

Carelessness  or  inability  to  reduce  this  may  often  lead  to  drying  and 
tough  leathery  change  in  the  everted  mucous  lining,  followed  at  times  by 
excoriations. 

Treatment  of  the  prolapsus  ani  in  children  and  adults  is  most  success- 
ful on  non-surgical  lines,  in  the  great  majority  of  cases.  The  observing 
and  patient  physician  will  soon  discover  the  cause,  or  combination  of 
causes,  which  by  correction  will  cure  the  trouble,  and,  once  cured,  it  is 
eventually  outgrown. 

In  adults  a  daily  gentle  laxative,  cascara,  compound  licorice  powder, 
pil.  rhei  comp.,  etc.,  with  cool  enema  after  defecation  to  restore  tone  to 
the  anal  muscle,  will  go  far  toward  a  cure.  Add  to  this  strychnin  and 
electric  stimulation  to  the  fundament,  with  good  diet  and  tonics,  and 
the  cure  is  complete. 

In  children  the  nurse  or  mother  must  speedily  reduce  the  protrusion. 
She  should  place  the  child  on  the  lap,  face  down,  and  by  warm  cloths, 
agreeable  to  the  child,  soothe  and  allay  its  crying,  coupled  with  pushing 
in  of  the  prolapse  grasped  by  the  four  fingers,  and  anointed,  pressing  it 
firmly  together  so  as  to  reduce  its  volume.  The  most  effective  way  of 
curing  is  to  prevent  the  extrusion.  This  has  been  demonstrated  to  be 
possible  in  almost  every  case  by  placing  two  narrow  strips  of  adhesive 
plaster  across  the  buttocks,  holding  them  together,  and  supporting  the 
anal  muscle,  but  not  preventing  defecation  if  the  movement  is  soft. 
Immediately  after  this  act,  the  straps  are  to  be  removed,  the  parts 
cleansed,  and  the  strap  renewed.  The  tonicity  of  the  sphincter  and  the 
general  equilibrium  of  the  supporting  pelvic  muscles  is  soon  established 
when  the  strain  has  been  removed. 

It  is  rarely  necessary  to  operate  on  prolapsus  in  children,  inasmuch 
as  persistent  care  will  permit  the  child  to  grow  to  normal  strength  in 
these  parts. 

In  adults  the  law  of  accommodation  and  adaptation  also  applies,  if 
persistence  in  retaining  a  prolapsus  is  observed.  In  many  cases  it  is 
possible  to  retain  a  rectal  plug  of  vulcanite  well  in  the  rectimi  with  a 
narrow  stem  in  the  anal  grasp,  and  a  smooth  outside  bar  to  press  on  the 
perineum,  by  a  T-bandage  and  pad,  so  that  after  some  weeks  the  natural 
tone  is  sufficient  to  maintain  it.  Cold  or  astringent  enemata  with  tonics 
should  be  fairly  tried.  If,  however,  the  case  is  obstinate,  treatment  by 
surgical  means  is  called  for. 
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Two  methods  have  been  proved  efficient  to  meet  every  variety  of 
prolapsus  recti,  no  matter  how  complicated,  and  with  comparative 
safety:  First,  the  bloodless  method,  by  cautery  or  acid;  second,  various 
cutting  operations. 

The  method  of  choice  among  the  non-operative  is  the  ajyplication  of 
the  Paquelin  cavieryj  or  an  old-fashioned  small  iron  cautery  heated  by  a 
lamp  to  a  degree  between  cherry-red  and  black  heat. 

It  should  be  used  under  anesthesia,  and  should  be  preceded  by  the 
same  precautions  as  before  other  surgical  work  on  the  rectum,  namely, 
three  days  of  gentle  intestinal  purgation  and  a  cleansing  enema  before 
operation.  The  bowel  may  be  treated  either  when  prolapsed  or  after 
reduction.  In  the  latter  case  a  relaxed  sphincter  will  allow  a  rather 
large  bivalve  or  wire  retractor  to  be  used  in  the  lithotomy  posture. 

In  either  case  the  cautery  is  slowly  drawn  along  the  mucous  membrane 
lengthwise  of  the  bowel,  at  six  lines,  one-quarter  inch  wide  from  the 
anal  margin  upward,  and  at  two  or  three  points  downward  to  the  skin. 
This  sears  deeply  the  mucous  membrane  and  heats  the  submucous 
layer  enough  to  induce  inflammatory  exudate,  but  does  not  go  deeply 
enough  into  the  muscular  layer  to  bum  through. 

An  opiate  suppository  (aqueous  ext.  gr.  1)  is  then  placed  in  the 
rectum  and  a  rubber  tube  wound  with  iodoform  gauze  and  smeared  with 
vaselin  is  inserted.  The  bowels  should  then  be  kept  constipated  for  five 
days  or  more,  and  the  patient  kept  recumbent  for  ten  to  twelve  days, 
all  bowel  movements  being  accomplished  on  the  bed-pan.  This  method 
has  uniformly  been  found  efficient  for  permanent  relief  of  prolapsus  ani 
and  many  cases  of  rectal  prolapse. 

A  simple  cylindric  speculum,  with  six  lateral  fenestrae,  has  been  devised 
by  Newman,  of  Glasgow,  for  linear  cauterization  of  prolapsus,  and  used 
even  in  those  cases  where  hemorrhoids  are  associated.  The  cauterized 
line  begins  a  half  inch  above  the  skin  top  and  effects  a  bloodless  cure. 

The  surgeon  of  today  will  hardly  return  to  the  method  advocated 
twenty  years  ago,  of  submucous  injections  of  white  oak  bark  or  of  car- 
bolic acid,  both  of  which  can  be  resorted  to  with  success  in  some  cases, 
but  always  with  a  large  risk  of  pyemic  abscess. 

Gersuny  has  resorted  to  his  own  wax  injection  to  form  a  cylindric  canal 
at  the  rectal  outlet,  but  the  method  cannot  safely  be  recommended  to 
operators  generally. 

The  linear  cauterization  by  fuming  nitric  acid,  or  the  application  of 
the  acid  to  the  general  surface  of  the  prolapsed  bowel,  as  recommended 
by  AUingham  (though  used  as  early  as  the  fifteenth  century),  is  designed 
to  set  up  a  degree  of  proctitis  resulting  in  contraction  and  fixation  in 
the  pelvis,  but  it  seems  less  efficient  than  the  cautery  and  somewhat 
more  likely  to  produce  destructive  desquamation  of  the  mucous  coat.  If 
used,  the  spread  of  acid  along  mucous  folds  beyond  the  intended  lines 
must  be  checked,  and  care  in  drying  up  the  excess,  as  well  as  liberal  use 
of  vaselin  afterward,  will  be  necessary  to  prevent  serious  sloughing  ulcer- 
ation, which  has  been  known  to  cause  stricture. 

For  the  surgeon  there  remain  numerous  procedures  from  which  he 
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must  choose  according  to  the  case  in  hand :  (1)  Narrowing  the  anal  orifice; 
(2)  narrowing  the  ampulla;  (3)  amputation  of  the  prolapsed  rectum; 
(4)  fixation  of  the  reduced  rectum  by  stitches  in  the  sacral  hollow^;  (5) 
intra-abdominal  fixation  (rectopexy  and  colopexy);  and,  finally,  recto- 
sigmoid anastomosis  and  suture.  Any  one  of  these  may  be  combined  with 
another,  or  with  cauterization,  or  with  temporary  artificial  anus. 

Narrowing  the  anal  orifice  would  seem  at  first  sight  to  be  a  sine  qua  nan 
of  success  in  preventing  prolapse,  hence  we  find  attempts  being  made 
by  early  surgeons  -  Hey,  1788,  Dupuytren  and  Dieflfenbach — by  excising 
a  wide  V-shaped  piece  of  the  orifice  and  suturing.  It  is  probable  that 
with  prevailing  suppuration  and  rare  primary  union  in  former  days 
the  results  were  not  very  good.  The  method  has  not  been  generally  use<l, 
but  Roberts  distinctly  claims  success  in  excising  not  only  a  broad  wedge 

of  muscle  but  also  a  portion  of 
the  rectal  wall  above  with  the 
skin  at  the  anus.  Careful  sut- 
ure of  the  mucosa  (the  stitches 
to  be  thrown  off  on  the  rectal 
side)  and  of  all  the  series  of 
layers  from  muscle  to  skin  by 
enduring  catgut  with  reten- 
tion stitches  through  the  skin, 
fixes  the  tissues  essential  to 
good  repair,  until  a  solid  anus 
is  made.  To  this  simple  oper- 
ation the  surgeon  may  well 
bring  his  most  careful  tech- 
nical skill,  and  only  thus  can 
he  insure  success.  It  should 
^  \^  no  more  difficult  nor  less 
successful  than  in  similar  re- 
parative work  on  the  anterior 
part  of  the  perineum,  where 
equally  extreme  prolapse  oc- 
curs from  high  laceration  of  the  rectovaginal  wall  and  all  sphincter  tissue 
(see  Fig.  94),  and  where  excellent  and  permanent  repair  ensues.  Reten- 
tion silkworm-gut  stitches  must  be  kept  in  place  on  either  side  for  not  less 
than  ten  days. 

In  lieu  of  a  cutting  operation  Thiersch  resorted  to  the  subcutaneous 
introduction  of  a  silver  wire  surrounding  the  anus,  with  a  view  of  per- 
manently replacing  an  inefficient  sphincter.  This  is  still  used  by  some,  and 
it  is  claime(l  to  retain  the  bowel  above,  while  not  preventing  defecation. 
Subcutaneous  silk  and  kangaroo  tendon  have  been  substituted,  but  are 
probably  less  likely  to  remain  aseptically  in  place. 

A  plastic  operation  to  infold  the  wall  of  the  ampulla  was  devised  by 
Lange,  who,  through  a  posterior  median  cut  from  the  coccyx  to  near  the 
anus,  divided  the  levator  ani  in  the  median  line,  dissected  out  the  rectum 
from  its  loose  cellular  bed,  and  by  a  series  of  tier  sutures  reefed  the  baggy  pos- 


Fio.  94. — Rectal  Prolapse  with  Intestines  Her- 
niated INTO  THE  Pouch. 
Associated  with   prolapflufl  uteri  and  rectocele   from 
lacerated  perineum. 
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tenor  wall,  so  as  to  force  the  mucous  surface  into  its  lumen  and  narrow 
it  to  a  relatively  small  tubular  rectum.  Cutting  away  some  of  the  relaxed 
levator  ani  and  carefully  resuturing  it,  completed  the  supporting  wall. 

Attempts  to  fix  the  rectum  at  a  higher  point  in  the  sacral  hollow  from 
which  it  slipped  have  been  made  by  Vemeuil,  and  repeated  by  Maury  with 
a  good  measure  of  success. 

The  incision  being  made  crescentic  toward  the  anus  and  placed  near 
the  tip  of  the  coccyx,  the  rectum  is  extensively  loosened.  Stitches  of 
enduring  chromic  gut  are  passed  well  into  its  thick  walls,  and  secured  at 
a  higher  point  in  the  sacral  hollow,  being  brought  out  alongside  the  sacro- 
coccygeal border  by  a  long  curved  needle  with  an  eye  at  its  end,  which 
is  thrust  through  the  skin  and  draws  the  sutures  to  the  surface,  where 
they  are  tied  over  a  roll  of  iodoform  gauze  and  are  retained  for  many 
days.  This  suspends  the  rectum  long  enough  to  secure  good  attachment. 
It  is  almost  essential,  however,  to  combine  this  with  a  circular  kangaroo 
tendon  or  Thiersch  silver  anal  suture  to  insure  good  results. 

Amputation  of  an  inveterate  prolapse  is  often  demanded  and  has  many 
advocates.  Mikulicz  and  Treves  regard  it  as  perhaps  the  best  resource 
we  have  in  many  cases.  It  has  the  indorsement  also  of  Nature  herself,  a 
bungling  surgeon  often,  but  good  at  repair.  It  has  occasionally  hap- 
pened that  the  grasp  of  a  tight  sphincter  has  strangulated  a  prolapsed 
rectum,  and,  the  slough  having  come  away,  a  cure  has  resulted.  In 
imitation  of  this  Mikuhcz  offers  a  technically  correct  method. 

The  operator  must  keep  in  mind  the  occasional  presence  of  coils  of 
small  intestine  in  the  peritoneal  pouch  in  the  front  part  of  the  hernia,  and 
that  he  must  in  any  event  open  the  peritoneal  cavity  in  resecting  the  bowel. 

Grasping  the  prolapsed  part  with  a  cloth,  a  cut  is  made  across  the 
front  of  the  mass,  a  fingerbreadth  or  so  below  the  anal  margin.  Cautiously 
opening  the  peritoneal  cavity,  any  pelvic  viscera  are  returned,  and  the 
clean  peritoneal  surface  approximated,  using  a  continuous  quilt  stitch  to 
suture  the  cut  edge  of  the  outer  tube  to  the  outer  wall  of  the  inner.  This 
arrests  hemorrhage  without  independent  ligation  of  vessels.  Carrying  the 
incision  entirely  around  the  prolapsed  outer  tube,  there  remains  only  to 
amputate  the  mass  by  cutting  the  inner  tube  off  at  the  same  line,  and 
suturing  the  two  cut  mucous  edges.  The  cleansed  stump  is  returned, 
and  the  short  rectal  tube  thus  created  should  be  protected  from  resuming 
its  function  for  a  week  or  so. 

Modifications  of  Mikulicz's  method  have  been  offered  by  Mathews, 
Kleberg,  Fowler,  and  others,  but  none  can  exceed  in  safety  and  perfec- 
tion the  one  described. 

It  remains  to  describe  the  latest  and  perhaps  the  best  method  yet 
devised  to  hold  the  rectum  up,  namely,  the  rectopexy  or  sigmmdopexy 
suggested  by  Hutchinson  and  Allingham  in  1880;  and  adopted  with 
modification  by  McLeod,  Berg,  Cady,  Jaennel,  Garr6,  von  Eiselsberg, 
Bryant,  and  now  generally  by  surgeons. 

After  Waldeyer's  demonstration  that  prolapsus  generally  begins  by 
downward  visceral  pressure  from  above  in  the  peritoneal  cul-de-sac 
(rather  than  by  dragging  from  below),  it  seems  rational  to  support  the 
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rectum  or  rectosigmoid  mesentery  by  stitching  it  to  the  abdominal  wall 
through  a  laparotomy  wound. 

Operation. — ^With  the  patient  in  the  Trendelenburg  posture  the  pelvis 
should  be  emptied  of  intestines  and  traction  made  on  the  sigmoid;  this 
will  draw  up  the  prolapsed  anus.  Then  it  will  be  seen  that  catgut  or  silk- 
wonn-gut  can  be  used  to  suture  its  mesentery  to  the  parietal  peritoneuni, 
either  in  the  pelvis  or  at  its  brim,  or  for  some  distance  upward  on  the 
parietes  of  the  abdomen.  Subsequent  inflammation  will  surely  fix  it 
there,  much  as  it  suspends  a  retroverted  uterus. 

It  is  capable  of  demonstration  that,  in  operating  thus  through  a 
laparotomy  wound,  if  the  prolapsus  has  not  been  reduced  before  operation, 
traction  made  on  the  loose  sigmoid  and  rectum  will  of  itself  cause  the  pro- 
cident  gut  to  be  drawn  back  to  its  normal  position  in  the  sacral  hollow. 
The  surgeon  who  tries  to  lift  the  rectum  in  a  normal  pelvis  by  traction 
on  the  sigmoid  will  observe  that  he  pulls  only  on  the  mesorectum  about 
the  sacral  promontory.  Thus  he  demonstrates  the  important  cause  of 
prolapsus,  namely,  complete  relaxation  of  the  suspensory  tissues.  This 
defect,  therefore,  is  the  point  of  attack  in  the  method  now  to  be  adopted. 
The  essential  element  of  success  will  depend  on  whether  the  suspended 
bowel  can  be  so  secured  that  we  may  hope  for  permanent  benefit. 

Experience  shows  that  this  can  be  done  by  regarding  in  each  case  the 
abdominal  conditions  of  relaxation.  In  operating  a  left  lateral  abdominal 
wound  should  be  made,  and  it  should  be  fairly  Uberal,  as  its  strength  can 
be  restored  by  immediate  suture  of  all  layers,  and  circumstances  may 
require  ample  room  for  deep  and  careful  suturing. 

The  sigmoid  being  followed  down  to  a  point  where  traction  produces 
the  desired  reduction  and  support,  its  mesentery  or  its  thick  anterior 
muscular  wall  is  to  be  united  by  liberal  use  of  silkworm-gut  or  chromic 
gut  (or  silk,  if  the  operator  prefers)  to  the  internal  surface  of  the  abdomen, 
each  stitch  taking  hold  of  firm  subperitoneal  structures,  if  permanency  is 
to  be  hoped  for.  This  may  wisely  be  preceded  by  sutures  at  the  pelvic 
brim  fixing  the  mesorectum. 

The  greater  facility  of  working  in  the  pelvis  through  a  median  wound 
makes  this  desirable,  and  has  led  to  the  modified  method  of  suspending 
the  rectosigmoid  junction  to  the  median  abdominal  wall,  thus  bisecting  the 
pelvic  cavity,  and  in  cases  of  combined  uterine  and  rectal  fixation  to  the  ab- 
dominal wall;  this  has  been  secured  after  the  usual  hysteropexy  method. 

It  has  been  advocated  by  Jaennel  and  others,  in  view  of  the  concomi- 
tant dysentery  not  infrequently  seen,  that  a  temporary  artificial  anus 
shall  be  made,  to  give  rest  to  the  parts.  This  is  imquestionably  some- 
times a  wise  surgical  step.  Bryant  has  observed  a  tendency  to  recurrence 
of  prolapse  as  the  artificial  anus  closes.  As  it  is  desirable,  however,  to 
insure  primary  union,  without  contamination  of  the  wound,  when  main 
dependence  is  to  be  on  the  suspending  force,  it  will  be  unwise  to  take 
this  step  in  most  cases.  One  would  fear  that  a  fixed  sigmoid  might  pro- 
duce obstruction,  but  this  has  not  been  proved  to  be  a  menace  in  any  case 
yet  reported,  and  doubtless  the  sigmoid  adapts  itself  as  a  containing 
pouch,  with  ample  relief  through  its  large  caliber. 
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Experience  has  shown  that  it  is  necessary  to  perform  secondarily  one 
of  the  minor  surgical  plastic  operations  on  the  relaxed  anal  portion  of  the 
rectum  after  suspension  from  above,  so  as  to  cure  the  still  recurring  anal 
prolapse  of  mucous  membrane. 

It  is  evident  that  very  bad  cases  of  prolapse  will  be  ineffectually  treated 
at  times  even  by  suspension,  and  recurrence  will  follow,  so  that  even  more 
extreme  measures  must  be  taken.  Von  Eiselsberg  in  exceptional  cases 
resects  the  sigmoid  flexure  and  anastomoses  the  drawn-up  rectum.  Lud- 
loff  recommends  anastomoses  of  the  sigmoid  end  cut  off  to  the  side  of  the 
rectum.  This  will  appeal  to  operators  accustomed  to  do  intestinal  anasto- 
moses as  feasible  and  effective  in  giving  fine  rectal  support,  and  a  straight 
channel  from  the  colon  to  the  rectum,  especially  as  the  sigmoid  end  of 
the  lower  segment  is  to  be  closed  and  fixed  to  the  abdominal  muscle. 

Even  after  the  employment  of  these  severe  measures  some  recurrences 
take  place,  and  it  is  evident  that  a  strong  mechanical  sense  on  the  part  of 
the  surgeon,  with  a  full  knowledge  of  the  value  of  intraperitoneal  ad- 
hesions, with  serious  study  of  each  case,  will  be  necessary  to  secure 
adequate  help. 

The  ulthnate  results  of  rectopexy  and  sigmoidopexy  have  been  studied 
by  Pachnio  from  fifty-eight  published  cases,  of  which  twenty-two  only 
had  been  watched  more  than  a  year;  of  these,  thirteen  (nearly  59  per  cent.) 
recurred.  Of  eleven  cases  done  at  Garry's  clinic  in  Konigsberg  since 
1901,  54  percent,  recurred. 

The  fiinal  results  of  colopexy  are  so  far  dependent  on  subsequent  care 
that  statistics  give  little  proof  of  the  real  value  of  this  method,  since  few 
hospital  patients  are  able  to  maintain  long  convalescence,  or  to  carry  out 
the  principle  of  evacuation  of  the  bowel  in  the  recumbent  posture,  so 
much  to  be  insisted  on  after  all  operations  for  prolapse.  Nevertheless; 
the  principles  laid  out  in  the  above  method  must  always  guide  the  surgeon, 
and  his  enduring  success  will  depend  on  restoration  of  his  patient's  health 
on  broad  lines  of  convalescence. 

Hemorrhoids. — Hemorrhoids  and  hernia  represent  perhaps  the  most 
wide-spread  afflictions  to  which  man  is  heir;  and  both  are  fortunately 
today  capable  of  radical  cure  with  an  infinitesimal  risk. 

The  term  hemorrhoid  is  applied  to  a  soft  tumor  at  or  wdthin  the  anus, 
consisting  of  a  spongy,  highly  vascular  mass,  which  may  bleed  easily 
and  profusely.  Its  name  signifies  a  **flow  of  blood,"  and  its  greatest 
peril  to  the  sufferer  is  in  its  frequent  and  liberal  bleeding,  which  often  ex- 
sanguinates the  patient.  It  is  almost  unknown  in  children,  but  between 
puberty  and  old  age  it  is  extremely  common.  It  presents  itself  in  every 
degree  of  severity,  under  practically  two  forms — external  to  the  anus  and 
internal. 

External  hemorrhoids  consist  of  dilated  varicose  veins  around  the 
anal  margin  buried  beneath  the  skin  and  external  to  the  sphincter  muscle. 
There  is  also  a  kind  of  false  external  hemorrhoid,  a  fringe  of  tabs  of  pen- 
dulous skin,  often  half  an  inch  to  an  inch  in  length,  which  is  sometimes  in- 
cluded in  this  term,  but  which  is  in  no  way  related  to  antecedent  or  future 
hemorrhoids,  being  simply  redundant  skin  not  containing  veins.    These 
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Fig.  95. — External  Hemorrhoids. 


should  not  be  designated  hemorrhoids,  as  they  can  be  cut  away  with 

almost  a  dry  base. 

The  true  external  hemor- 
rhoid, however,  is  dusky  pur- 
ple, and  sometimes  covered  by 
fairly  thick  skin.  It  can  be  dis- 
tended by  the  patient's  holding 
his  breath  and  straining  down. 
Then  it  becomes  turgescent, 
and  if  several  exist,  they  form 
a  tumid  ring,  with  a  marked 
sulcus  above,  defining  the  cir- 
cle of  mucous  membrane  which 
is  drawn  down  between  the  two 
sphincters.  This  venous  chain 
is  almost  wholly  emptied  by  the 
ascending  series  of  the  inferior 
and  middle  hemorrhoidal  veins 
into  the  iliac  veins  and  the  vena 
cava;  while  those  which  are 
above  this  line  discharge  by  the 
superior  hemorrhoidal  into  the 
portal  vein  and  enter  the  sys- 
tem through  the  liver.  Ex- 
ternal hemorrhoids  are  seldom  very  large,  though  by  their  distention  of 
this  sensitive  anal  membrane 

the}^  often  provoke  itching,  and    "^  '^i^^''   ^"^ 

by  being  subject  to  marginal 
scratches  and  cracks  from  hard 
fecal  movements  are  very  likely 
to  show  a  slight  blood  stain, 
rarely  severe,  at  defecation. 

A  thrombotic  hemorrhoid  is 
quite  common,  and  consists  of 
a  hard  blue  subcutaneous  or  / 

submucous  tumor,  about  the  / 
size  of  a  white  bean,  almost 
always  single,  appearing  sud- 
denly outside  of  the  anal  ring, 
and  due  to  distention  and 
thrombosis  of  an  inferior 
hemorrhoidal  vein.  It  has 
been  wrongly  called  an  apo- 
plectic hemorrhoid,  but  it  is 
not  due  to  a  rupture  of  a  ven- 
ous wall.     The  sacculated  vein 

must   become   distended    and  then    suddenly   fill  with   solidified   clot. 
If  let  alone,  it  slowly  absorbs  and  leaves  a  fibrous  remnant.     If  incised. 


Fiu.  96. — External  Thrombosed  Hemohhhoid. 
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the  operator  turns  out  a  bean-shaped  clot  and  the  sac  collapses  and 
heals. 

It  may  be  most  painful,  owing  to  the  tension  of  the  sac,  and  will  be 
relieved  only  by  cutting,  or  by  waiting  many  days  for  absorption.  It 
is  practically  a  phlebitis  under  tension,  hence  the  pain. 

Internal  hemorrhoids  are  spongy  tumoi*s  formed  in  the  mucous 
and  submucous  areolar  tissue  covering  the  internal  sphincter  muscle. 
Their  substance  consists  wholly  of  an  angioma  with  hyperplastic  areolar 
tissue,  covei-ed  by  mucous  membrane.* 

Often  the  dome  of  the  pile  is  denuded  so  that  a  raw  bleeding  surface 
presents,  which  when  turgid  from  straining  or  rasped  by  passing  move- 
ments freely  pours  out  blood.    This  may  weep  from  the  whole  granular 
face,  or  be  seen  pumping  from 
one  or  more  open  vessels. 

If  the  bleeding  surface  is 
not  underlaid  by  a  tumid  mass 
of  considerable  size,  it  may  be 
called  a  capillary  hemorrhoid. 
When  infection  enters  the  raw 
surface  of  the  hemorrhoid  or 
when  thrombophlebitis  affects 
the  angiomatous  substance  of 
the  pile,  it  takes  on  a  solidifica- 
tion which  is  always  easily  felt 
when  reduced.  Varying  de- 
grees of  density  characterize 
this  type.  Study  of  hemor- 
rhoids by  injection  through 
arterial  or  venous  channels 
shows  that  there  is  always  one 
main  arterial  supply  coming 
down  under  the  mucous  mem- 
brane in  the  axis  of  the  bowel, 
a  branch  of  the  superior  hemor- 
rhoidal .  The  congeries  of  veins 
constituting  the  mass  are  tor- 
tuous, dilated,  and  varicose,  and  are  held  in  a  definite  capsule  by  a  net- 
work of  cellular  tissue. 

The  artery,  as  emphasized  by  Allingham,  can  always  be  felt  by  an 
examining  finger,  and  for  an  operable  pile  is  often  as  large  as  the  radial 
artery.  Nevertheless  w  hen  the  hemorrhoid  is  reduced  within  the  sphincter, 
it  so  far  empties  its -veins  that  there  remains  oftentimes  nothing  which 
the  palpating  finger  can  feel.  Only  after  inflammation  has  set  up  thick- 
ening in  older  varieties  can  the  hemorrhoid  be  felt.  It  can  always  be  seen, 
however,  through  a  speculum,  or  when  the  patient  protrudes  it  by  strain- 
ing after  an  enema.     It  frequently  happens  that  a  patient  suffers  from 

*  With  a  history  of  protrusion  and  bleeding  the  physician  will  secure  a  demon- 
stration of  them  by  having  the  patient  strain  in  the  s^juatting  posture  after  an  enema. 


Fig.  97. — Internal  Hemorrhoids. 
Same  case  a.«i  Fig.  95,  after  Htretching  of  the  sphincter. 
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intermittent  prolapse  of  one  or  more  piles,  but  cannot  exhibit  this  on  the 
examining  table. 

Extruded  at  stool,  it  is  held  outside  the  sphincter  and  becomes  more 
turgid,  inflamed,  and  extremely  painful.  Such  a  condition  is  more  or  less 
sudden,  and  is  called  an  **  attack  of  the  piles  "  by  those  who  have  more  than 
once  experienced  it.  While  not  serious,  it  usually  requires  from  two  to  ten 
days  of  rest  and  treatment  to  become  quiescent.  The  patient  is  usually 
seen  in  great  pain,  of  an  intense  aching  and  neuralgic  type.  The  sphincter 
takes  on  spasmodic  action,  and  whereas  the  patient  has  heretofore  easily 
reduced  the  protrusion  whenever  it  has  been  out,  neither  he  nor  the  physi- 
cian can  now  do  so  in  many  cases.  Edema  and  lymph  infiltration  of 
the  base,  as  well  as  the  thrombophlebitis  within  the  substance  of  the 
hemorrhoid,  make  a  painful  mass,  the  handling  of  which  the  patient 
will  not  tolerate.  Retention  of  urine  is  quite  a  conmion  coincidence. 
Surface  application  of  cocain  is  but  a  partial  relief,  for  few  things  are 
more  painful  than  the  inflamed  wall  of  a  vein  in  this  or  in  any  part  of  the 
body. 

Reduction. — Operation  during  this  stage  of  inflammation  is  not 
generally  sanctioned,  as  the  resulting  ulcerated  surface  seated  on  an  in- 
filtrated base  is  large  and  slow  to  heal.  There  remain,  therefore,  two 
things  to  do:  either  reduce  the  mass  under  anesthesia,  or  palliate  the 
symptoms  until  resolution  has  taken  place.  The  tumid  mass,  which  is 
often  quite  large  and  hard,  can  sometimes  be  reduced  with  or  without  gen- 
eral anesthesia  and  dilatation  of  the  sphincter,  but  it  tends  to  slip  out  again 
easily,  on  account  of  its  having  embedded  itself  in  the  intersphincteric 
area.  If,  however,  it  can  be  kept  in  for  a  few  hours  it  will  reduce  tiie 
convalescence  to  one  or  two  days,  though  an  aching  may  persist  in  the 
fundament  even  if  a  pad  and  T-bandage  retain  the  hemorrhoid. 

Inability  to  return  the  mass  requires  palliative  treatment — a  hypo- 
dermic of  morphin  or  a  suppository  of  opium,  with  cleansing  of  the  mass 
by  boric  acid  wash  and  a  wet  compress  of  lead  and  opium  lotion  or  a 
small  ice-bag.  An  attack  of  inflammation  such  as  d^cribed  does  not 
cure  the  hemorrhoid,  as  one  might  hope. 

The  cause  of  hemorrhoids  has  been  variously  ascribed  to  plethora 
from  overeating,  constipation,  diarrhea,  sedentary  habits,  long  sitting 
at  stool,  venous  obstruction,  such  as  accompanies  cirrhosis  of  the  liver, 
tumors  of  the  abdomen  or  pelvis,  too  constant  use  of  cathartics,  arduous 
work  in  standing  postures,  like  that  of  drivers,  and  many  other  causes 
associated  with  individual  cases,  but  it  is  only  in  the  very  exceptional 
case  that  people  given  to  such  occupations  are  victims  of  hemorrhoids. 

It  seems  probable,  therefore,  that  mechanical  pushing  down  of  the 
lower  mucous  membrane  of  the  bowel  by  chronic  constipation,  with  pro- 
longed sitting  during  the  act  of  defecation,  is  the  most  reasonable  and 
commonly  iissociated  cause. 

Symptoms  of  chronic  hemorrhoids  are  wanting  unless  protrusion 
occurs,  or  when  the  pile  remains  outside,  as  occasionally  happens.  Bleeding 
is  seen  in  the  majority  of  cases  when  piles  are  i)rolapsed,  but  in  non-pro- 
lapsed cases  it  is  usually  shown  during  straining,  or  seen  on  toilet  paper 


HEMORRHOIDS.  145 

after  the  movement.  Exceptionally  a  pile  which  has  been  denuded  of  epi- 
thelium will  bleed  at  each  movement,  several  ounces,  and  stop  only  when 
the  hemorrhoid  is  drawn  within  the  sphincter.  This  type,  however,  is  apt 
to  lie  close  upon  the  border  of  the  muscle  and  slip  out  at  inconvenient 
times,  when  walking,  coughing,  sneezing,  or  in  public  speaker's  or  clergy- 
men during  active  speaking  in  the  standing  posture,  when  blood  may  be 
felt  trickling  down  the  limbs,  associated  with  the  conscious  discomfort 
of  the  protrusion. 

If  the  hemorrhoid  has  become  tough  in  quality  and  does  not  bleed, 
it  may  remain  much  of  the  time  outside  the  sphincter,  yielding  a  mucoid 
or  l)rmph  exudation  to  stain  the  clothing  and  irritate  the  skin. 

Hemorrhoids  complicated  by  fissure  or  occasionally  fistula  may  present 
all  the  attendant  sjrmptoms  of  those  conditions,  but  in  themselves,  when 
kept  internal  to  the  rectum,  they  yield  no  marked  symptoms,  if  not 
inflamed. 

Treatment. — ^The  palliative  treatment  of  hemorrhoids  should  be 
kept  in  mind  by  the  surgeon,  inasmuch  as  the  majority  of  moderate  sized 
hemorrhoids  can  be  so  far  cured  as  to  avoid  operation  by  strict  attention 
to  hygiene  and  dietetics.  Errors  to  be  corrected  are  costive  habit  and 
long  straining,  overeating,  excessive  smoking,  lack  of  walking  exercise, 
and  rectal  tenesmus  from  fissured  mucosa. 

A  systematic  use  of  mild  laxatives  (rhubarb  pill  at  night,  a  mild  mineral 
water  on  rising),  a  cool  cleansing  enema  after  action  daily,  str^'chnin 
tonic,  and  moderate  physical  exercise  will  after  a  few  weeks  usually 
relieve  the  hemorrhoidal  engorgement  and  restore  tone  to  the  parts  so 
that  infrequency  of  protrusion  will  be  followed  by  complete  retention. 

Operative  Treatment. — A  great  variety  of  curative  methods  have 
been  offered  and  discarded.  Many  possess  an  unwarranted  measure  of 
risk;  others  are  inefficient  except  in  mild  types  of  disease.  Surgeons  of 
the  largest  experience  have  narrowed  down  the  operative  procedures  to 
two  or  three,  and  they  will  be  described  m  order  of  their  acceptance. 

First  in  surgical  esteem  is  unquestionably  Allingham^s  method  of  ex- 
cision and  ligation.  It  presents  practically  no  risk  if  done  with  reason- 
able skill  and  yields  a  lifelong  cure.  The  principle  on  which  it  is  based 
is  that  one  nutrient  artery  supplies  each  pile,  and  that  it  descends  into 
it  close  under  the  mucous  membrane. 

Excision  of  most  of  the  tumor  imtil  it  is  attached  only  by  a  pedicle 
above,  in  which  is  the  artery,  ligature  of  this  pedicle,  and  cutting  away  the 
tumor,  leaves  the  cut  mucous  edges  to  fall  together  and  healing  is  rapid, 
with  an  insignificant  scar,  which  after  a  while  is  invisible.  This  operation 
has  now  been  done  many  thousands  of  times  without  mishap,  and  if  care 
is  exercised  may  be  said  to  present  the  most  insignificant  risk.  It  has 
been  modified  by  suturing  the  cut  edges,  but  this  is  wholly  unnecessary, 
and  may  tend  to  confine  exudates  from  the  cut  surface,  as  well  as  adding 
to  the  time  of  operating.  In  its  simplest  form  it  constitutes  one  of  the 
quickest  as  well  as  the  safest  methods  known. 

The  details  of  operation  are,  first,  two  days  of, laxative  preparation 
and  an  enema  to  cleanse  the  rectum  before  operation.  Second,  etheriza- 
voL.  rv— 10 
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tion  and  the  lithotomy  position,  knees  secured  well  flexed  on  the  abdo- 
men, the  hips  being  raised  on  a  hard  pillow.  Third,  thorough  stretching  of 
the  sphincter,  to  allow  protrusion  of  the  hemorrhoid.  Fourth,  identifi- 
cation of  the  number  of  individual  tumors  presenting.  This  is  not  always 
easy,  for  while  there  may  present  three,  four,  or  five  swollen  masses, 
looking  like  the  tips  of  the  fingers  of  one's  hand  grasped  by  the  thumb 
and  index  of  the  other  hand,  they  may  appear  as  a  conglomerate  mass 
with  elevated  mucous  membranes  stretching  from  one  to  the  next.  The 
operator  then  singles  out  two  or  three  conspicuous  individual  piles  and 
fixes  a  clamp  upon  the  rounded  top  of  each,  grasping  enough  to  comprise 
half  its  bulk.    These  being  dra\m  down  and  held  aside,  the  remainder 

will  define  itself,  and  its  artery 
can  be  felt  above,  which  indi- 
cates the  hemorrhoid.  At  least 
one  good  assistant  besides  the 
anesthetizer  is  essential. 

The  instruments  needed  are 
few;  a  half  dozen  artery  clamj>s, 
a  pair  of  blunt  curved  scissors, 

^^^  ^B^^^^^^'  ligatures  of  catgut,  and  a  rub- 

l|pS^\  ^^^^^^^         ^^^^i    ^^  tube,  pencil  size  and  four 

inches  long,  wound  with  iodo- 
form gauze  to  the  size  of  one's 
little  finger,  constitute  the  es- 
sentials. Two  narrow  flat  re- 
tractors may  be  needed  occar- 
sionally,  but  when  the  anus  has 
been  well  dilated  all  the  work  is 
done  outside  the  anus,  owing  to 
traction  on  the  clamps  everting 
the  hemorrhoidal  region. 

Each  pile  should  be  cut  as 
follows:  the  series  of  clamps 
on  separate  tumors  being  held 
aside  by  an  assistant,  one 
clamp  is  taken  by  the  operator 
and  the  pile  drawn  upon  slightly.  The  radiating  fold  of  mucocutaneous 
border  is  then  snipped  through  by  the  scissors  rather  deeply,  and  the  pile 
proper  is  then  raised  from  the  muscular  bed.  A  second  cut,  close  to  each 
side  of  the  clamp,  separates  the  hemorrhoid  without  loss  of  much  mucous 
membrane.  The  scissore  now  prassed  beneath  the  mass  loosen  it  and 
narrow  the  pedicle  above,  which  may  be  again  snipped  on  either  side  so 
as  to  leave  only  a  strip  of  mucous  membrane  underlaid  by  the  artery, 
and  located  on  the  upper  sphincter.  This  pedicle  is  now  ligated  tightly 
by  catgut  or  silk,  and  the  other  part  of  the  hemorrhoid  is  cut  off,  leaving 
a  long  pedicle  to  atrophy. 

From  one  to  five  such  tumors  may  be  quickly  removed  in  this  way. 
The  two  most  important  precautions  in  the  operator's  mind  are  to  leave 


Fio.  98. — Alungham's  Operation   for   Internal 
Hemorrhoids. 
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a  wide  strip  of  mucous  membrane  on  each  side  of  each  pile,  at  the  anus, 
and  to  ligate  tightly  the  pedicle, 
which  is  to  be  cut  long.  When 
all  the  piles  have  been  removed, 
it  is  seen  that  the  cut  edges  fall 
together  in  lines  corresponding 
to  axial  folds,  and  need  no 
suturing.  A  suppository  of 
1  gr.  aq.  ext.  opium  is  now  in- 
serted in  the  rectum;  and  the 
gauze-wound  tube,  well  an- 
nointed  with  vaselin,  is  pressed 
into  the  bowel  so  as  to  present 
its  inner  end  above  the  sphinc- 
ters. Its  rough  surface  main- 
tains the  coapted  cut  edges  in 
absolute  fixed  position  during 
the  four  days  before  its  re- 
moval. 

The  operator  will  wisely  ad- 
just the  mucous  edges  after  the 
tube  is  in  place,  and  if  they  are 
not  sutured  the  cut  cellular 
planes  will  drain  into  the 
tube  has  a  threefold  value: 


i 


Fig.  99. — Rubber  Tube  Wound  with  Iodoform 
Gauze,  Inserted  after  Alungham  and 
Whitehead  Operations. 


gauze,  and  give  primary  union.  The 
as  a  ''tell-tale"  to  notify  of  any  hemor- 
rhage after  operation;  as  a 
vent  for  escape  of  flatus;  and 
as  a  means  of  giving  entry  to  a 
simple  enema  on  the  fourth 
day.  The  enema  being  admin- 
istered, the  tube  end  must  be 
bent  or  tied,  to  retain  the  fluid, 
and  after  a  few  moments,  evac- 
uation takes  place  and  blows  out 
the  tube  with  it,  often  uncon- 
sciously to  the  patient. 

Venous  hemorrhage  in  this 
operation  always  stops  spon- 
taneously. The  arterial  is  from 
the  descending  hemorrhoidal 
only  and  never  gives  trouble  if 
tied  in  the  pedicle  as  above. 

This  operation,  then,  has 
probably  the  foremost  place  in 
surgical  appreciation  today. 

Second  to  it  may  be  placed 
the  clamp  and  cautery  method j  which  has  some  advantages  making  it  the 
preferred  operation  in  the  work  of  many. 


Fio.  100. — Hemorrhoids.      Treatment   by  Clamp 
AND  Cautery. 
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Operation. — The  same  preliminaries  having  been  adopted,  the  pro- 
truding hemorrhoids  are  seized,  one  at  a  time,  and  held  up  by  a  clamp 
while  the  main  portion  of  each  is  caught  in  the  bite  of  a  flat  crushing 
clamp,  so  devised  as  to  screw  together  at  the  handle  and  act  as  an  angio- 
tribe.  This  narrows  the  base  of  the  pile  to  a  Unear  mass,  and  if  left  in 
place  only  a  few  moments  would  probably,  of  itself,  so  crush  the  artery- 
as  to  produce  occlusive  endarteritis.  But  the  operator  does  not  rely 
on  this  possibility.  A  certainty  of  cure  is  obtained  by  cutting  off  the 
greater  part  of  the  pile,  leaving  a  narrow  strip  on  the  face  of  the  clamp, 
which  is  burned  down  to  a  tough  remnant  by  the  cautery,  which  in  itself 
creates  an  aseptic  surface,  and  coagulates  and  obliterates  the  vascular 
stump.  This  stump,  when  released,  retains  its  linear  form  and  returns 
to  the  rectum  in  an  axial  fold. 

The  cutaneous  margin  ought  not  to  be  caught  in  the  clamp,  as  the 
essential  part  of  the  pile  is  above,  and  the  burned  skin  may  be  subse- 
quently more  tender. 

The  same  number  of  hemorrhoids  may  be  treated  by  this  bloodless 
method  as  by  ligation,  and  it  has  the  merit  of  simplicity  and  bloodless- 
ness.  Its  one  risk,  perhaps,  is  in  the  possibiUty  of  post-operative  hemor- 
rhage, from  reopening  of  the  crushed  stump,  which  in  the  hand  of  a  careful 
operator  is  extremely  small;  yet  for  all  surgeons  there  is  no  security  equal 
to  the  ligature. 

After  clamp  and  cautery  removal  a  suppository  of  opium,  and  the 
introduction  of  a  small  gauze-wound  tell-tale  tube,  facetiously  called  by 
house  surgeons  *'  the  whistle,^'  are  essential.  Evacuation  of  the  bowels 
should  be  left  until  the  fourth  day  or  later,  when  the  vessels  will  be  se- 
curely sealed  and  the  scar  healed  enough  to  hold  together. 

By  this  method  the  patient  can  be  allowed  to  get  out  of  bed  and 
attend  to  business  in  a  week — somewhat  earlier  than  by  AUingham's 
method. 

Whitehead's  Method. — When  there  are  four  or  more  large  hemorrhoids 
with  ill-defined  borders,  the  entire  pile-bearing  area  represented  by  the 
circle  of  mucous  membrane  underlaid  by  the  upper  part  of  the  sphincterie 
ring  seems  to  have  slipped  down  and  protruded  like  a  prolapsus  when 
the  muscles  are  stretched. 

Instead  of  removing  the  tumors  separately,  each  with  a  considerable 
covering  of  mucous  membrane,  creating  a  risk  of  anal  stricture  from 
denudation  of  the  anal  outlet,  Whitehead,  of  England,  advocates  ampu- 
tation of  the  entire  tube  of  mucous  membrane  and  suture  of  the  upper 
cut  edge  of  the  skin. 

The  operation  was  widely  adopted  for  many  years,  but  it  is  now 
generally  resented  for  ver}^  bad  cases  of  prolapse  with  many  piles,  inas- 
much as  a  little  skill  enables  any  operator  to  single  out  three  to  five  major 
tumors  from  the  prolapsus  ring,  and  by  clamp  and  cautery  or  by  Ugation 
so  far  relieve  the  mass  that  after  reduction  the  whole  area  contracts  and 
remains  cured.  Nevertheless  the  Whitehead  method  can  be  skilfully 
and  speedily  done,  and  has  decided  advantages. 

Steps. — In  its  simplified  form  the  steps  are  as  follows: 
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The  same  preliminaries  as  to  preparation  and  position  being  made 
the  surgeon  stretches  the  sphincter  and  places  five  or  six  ordinary  hemo- 
static forceps  upon  the  protuberant  hemorrhoids.  A  knife  incision  at 
the  junction  of  the  skin  and  anal  mucous  membrane  is  now  made  sur- 
rounding the  anus. 

An  assistant  holding  the  clamps,  the  operator  grasps  the  mucous 
border  with  toothed  forceps,  and  by  scissors  strips  it  away  from  the  ex- 
ternal sphincter  all  round.  The  blunt  scissor  end  then  separates  the 
inner  mucous  layer  readily  at  a  higher  and  higher  level  by  blunt  dissec- 
tion alone,  with  little  or  no  hemorrhage.  Traction  on  the  clamp  mean- 
while easily  draws  down. the  cylinder  of 
mucous  membrane  bearing  the  hemor- 
rhoids. 

It  is  now  apparent  that  the  upper 
mucous  border  can  be  stitched  to  the 
skin,  and  a  half-inch  cross-cut  is  made  to 
begin  this  at  the  midperineal  line.  A 
straight  Hagedom  needle  armed  with 
medium  catgut  is  used  for  continuous 
suture  round  the  entire  bowel.  The  oper- 
ator begins  to  cut  off  the  bowel  at  the 
middle  line  in  front,  and  by  cutting  half 
an  inch  or  more  at  a  time,  divides  the 
arteries  of  the  submucous  coat  one  at  a 
time.  The  bleeding  would  be  severe  if  the 
needle  were  not  promptly  passed  through 
the  opposed  gaps  so  as  to  engage  the  open- 
mouthed  bleeding  vessel  and  grasp  it.  This 
always  stops  hemorrhage  at  once,  without 
the  need  of  applying  separate  clamps  and 
Ugatures.  Thus  it  is  easy  quickly  to  suture 
the  edge  of  the  entire  amputated  prolapse 
to  the  skin,  without  tying  any  vessel.  This 
shortens,  simplifies,  and  makes  compara- 
tively bloodless  a  method  which  if  carelessly  done  may  be  a  tedious  and 
troublesome  one. 

Independent  sutures  are  placed  by  some  about  the  line  of  union, 
but  this  increases  the  time  of  operation  and  does  not  secure  the  bleeding 
points  as  well  as  a  continuous  suture. 

The  attractiveness  of  this  method  is  increased  by  having  the  line  of 
union  at  the  circumference  and  not  within  the  bowel,  where  contact  with 
the  outer  part  of  the  iodoform  gauze-wound  tube  insures  clean  primary 
union. 

The  one  weak  point  in  the  operation  is  the  possibility  of  retraction  of 
the  wound  edges  if  too  soon  disturbed.  Hence  the  first  movement  by 
enema  should  be  delayed  until  the  fifth  to  the  seventh  day,  when  union 
is  firm.     If  the  skin  Une  separates,  a  quarter  inch  of  granulation  may 
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101. — Whitehead  Resection  or 
Hemorrhoidal  Area  Partially 
Completed. 
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require  tedious  repair  and  result  in  stricture.  This,  however,  will  yield 
to  gentle  dilation. 

Many  simplified  methods  have  been  tried  in  hopes  of  avoiding  the 
trouble  and  supposed  risk  of  the  methods  just  described;  but  they  have 
attraction  only  for  the  practitioners  of  medicine  who  do  Uttle  surgen-, 
and  for  the  itinerant,  who  seeks  patronage  for  bloodless  methods. 

First  among  these  to  be  condemned  for  general  use  is  the  injection 
of  carbolic  add.  It  is  attractive  because  of  its  simpUcity,  but  dangerous 
because,  more  than  any  other,  it  has  a  risk  of  pyemia  and  hepatic  abscess. 
Many  patients  have  fallen  to  the  care  of  practitioners,  and  have  died 
pyemic,  of  whom  the  advertising  quack  never  heard  after  he  made  his 
carbolic  acid  injection.  Nevertheless  the  method  has  a  value  in  certain 
cases  in  which  anesthesia  cannot  be  bome,  and  where  the  patient  may  be 
willing  to  take  some  risk  for  the  cure  obtained. 

The  pile  must  be  well  extruded,  washed  with  an  antiseptic,  and  held 
from  retreat  by  a  finger  inserted  within  the  sphincter.  The  needle  of  a 
hypodermic  syringe  filled  with  carbohc  solution,  10  per  cent,  (in  half 
glycerin  and  water),  is  pushed  to  the  center  of  the  pile  and  five  or  six 
drops  inserted.  The  pile  swells,  and  whether  the  distended  veins  or 
cellular  interspaces  receive  the  fluid  the  operator  cannot  know.  He 
smears  the  pile  with  vaselin  before  operation,  and  on  withdrawing  the 
needle  returns  the  mass,  now  much  firmer,  in  beyond  the  grasp  of  the 
sphincter. 

There  is  probably  an  albuminous  coagulation  of  the  blood  in  the  pile, 
with  subsequent  cellulitis  and  thrombophlebitis,  sealing  it  up  for  good. 
Most  surgeons  have  occasionally  resorted  to  this  method  when  called  for, 
and  with  strict  watchful  care,  patients  have  escaped  without  accident. 
As  a  routine  treatment,  however,  it  is  to  be  condemned,  inasmuch  as, 
if  abscess  forms  in  the  mass,  as  has  often  happened,  there  is  no  way  of 
controlling  the  portal  infection,  which  causes  pyemia  beyond  surgical  aid. 

At  one  time  it  was  believed  that  simply  stretching  the  sphincter  was 
competent  to  cure  hemorrhoids,  but,  except  in  some  very  simple  types, 
it  has  been  found  insufficient.  So  also  pinching  up  of  the  mucous  mem- 
brane of  the  top  of  each  pile  and  ligating  with  a  bit  of  silk  was  thought  to 
be  enough  to  excite  deep  enough  cellular  inflammation  to  soUdify  the 
mass.    This,  too,  has  been  wholly  abandoned. 

Igiiijpuncture  with  a  point  of  cautery,  simply  penetrating  the  hemor- 
rhoid, will  in  some  cases  happen  to  obliterate  the  vessel,  but  may  excite 
bleeding  from  the  puncture  wound  or  beget  secondary  suppuration  or 
be  wholly  inefficient. 


TUMORS  OF  THE  RECTUM  AND  ANUS. 
The  tumors  of  the  rectum  do  not  differ  greatly  in  their  characteristics 
from  those  of  other  portions  of  the  gastro-intestinal  tube;  tumors  of  the 
anus  also  correspond  in  structure  to  the  gi*owths  arising  from  squamous 
epithelium  in  other  portions  of  the  l^ody.  The  most  striking  clinical 
differences  noticed  between  growths  in  the  rectum  and  those  occurring  else- 
where are  due  chieflv  to  the  anatomic  conditions  under  which  the  tumors 
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are  placed.  Among  these  conditions  may  be  enumerated,  first,  the  pres- 
ence of  the  tumor  in  a  tube  surrounded  by  a  fairly  impermeable  muscular 
and  fibrous  tissue  wall,  which,  to  a  certain  extent,  prevents  the  extension 
of  the  growth  by  contiguity,  metastases  generally  taking  place  by  direct 
extension  along  the  very  abundant  lymphatics  which  are  present  in  the 
submucosa  (Fig.  102);  second,  the  position  of  the  neighboring  lymph- 
nodes  in  the  pelvis  may  be  considered  as  influencing  metastases  of  rectal 
growths.  The  close  anatomic  relationship  which  exists  between  the  rec- 
tum and  the  organs  directly  anterior  to  it,  such  as  the  vagina,  bladder,  and 
prostate,  also  give  scope  for  either  secondary  invasion  of  these  organs 


r;^ 


"  ^ 


*JfaL^ 


Fio.  102. — Skctxon  of  Lymphatic  Vessel  in  Submucosa  of  Rectum,  Showing  Mass  of  Cblls 
FBOM  A  Cabcinoma  (X  about  250  diameters). 


from  the  rectum,  or  secondary  invasion  of  the  rectum  by  tiunors  arising 
in  any  of  these  organs. 

A  consideration  of  a  few  points  in  regard  to  the  anatomic  position  of  the 
rectum  itself  and  of  the  pelvic  nodes  may  therefore  be  of  interest. 

If  we  accept  the  definition  of  Sir  Frederick  Treves,  by  which  the 
sigmoid  terminates  at  the  level  of  the  attachment  of  the  mesentery  in 
front  of  the  third  sacral  vertebra,  there  is  but  a  small  portion  of  the  rec- 
tum which  is  intraperitoneal,  and  this  free  surface  is  ventral,  forming  a 
portion  of  the  posterior  wall  of  the  rectovesical  pouch,  or,  in  the  female, 
the  cul-de-sac  of  Douglas. 

The  mucous  membrane  of  the  rectum  is  composed  of  a  series  of  deep 
and  narrow  follicles  lined  with  high  cylindric  epithelium,  the  crypts  of 
Lieberkuhn.  Many  of  the  epithelial  cells  contain  more  or  less  mucus, 
especially  when  a  chronic  inflammation  is  present.  There  are  also  a  few 
l)rmph-nodules  embedded  in  the  mucosa. 
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The  terminal  2.5  cm.  of  the  canal  forming  the  anal  portion  is  lined  with 
stratified  epithelium  and  has  no  glandular  structures. 

The  abundant  lymphatics  with  which  the  rectum  is  supplied  form 
two  groups,  one  of  which  arises  in  the  mucous  membrane  as  an  extensive 
plexus  in  the  submucosa,  while  another  and  smaller  system  Ues  in  the 
muscular  coat.  The  connecting  trunks  coming  from  the  wall  of  the  rec- 
tum unite  to  form  a  large  hemorrhoidal  Ijmiph-trunk,  and  terminate  in 
lymph-nodes  lying  in  the  course  of  the  middle  hemorrhoidal  arter}'  some 
distance  from  the  lateral  wall  of  the  pelvis.  These  trunks  finally  drain 
into  the  sacral  group  of  nodes.  There  are  also  numerous  small  secondary' 
lymph-nodes  along  the  course  of  the  hemorrhoidal  vessels.  Other  groups 
of  lymph-channels  pass  to  the  l3miph-nodes  lying  in  the  mesorectum  and 

there  commimicate  with  a 
series  of  nodes  lying  as  high 
as  the  promontory  of  the 
sacrum.  The  channels  also 
communicate  laterally  with 
the  group  of  nodes  lying 
close  to  the  external  iliac 
arteries.  Other  branches 
pass  forward  and  anasto- 
mose with  the  lymphatic 
channels  about  the  prostata 
or  in  the  broad  ligament  of 
the  female. 

Some  of  the  lymph-ves- 
sels from  the  anus  pass  up- 
ward through  the  fatty  tissue 
in  the  ischiorectal  fossa,  and 
after  penetrating  the  levator 
ani,  terminate  in  a  node  near 
the  origin   of   the   internal 
pudic  artery.  Another  group 
of    lymph-channels    passes 
forward    over   the  anterior 
aspect  of  the  thigh  and  ends  in  the  superficial  inguinal  nodes.     Other 
branches  pass  over  the  perineum  and  go  to  the  hypogastric  lymph-nodes 
lying  along  the  internal  iliac  vessels. 

The  most  frequent  metastases  seen  in  connection  with  rectal  tumors  are 
in  the  walls  of  the  gut  itself  or  the  nearby  sacral  lymph-nodes.  Metastases 
at  a  distance  are  not  frequently  met  with. 

Benign  Tumors. — The  benign  tumors  which  occur  in  the  rectum  and 
about  the  anus  may  be  divided  into  several  groups,  depending  upon  the 
tissues  which  they  contain. 

Fibromata  are  of  infrequent  occurrence  about  the  anus  in  adults. 
They  are  composed  of  dense  fibrous  tissue  containing  a  few  small  blood- 
vessels and  nerves,  the  whole  covered  with  a  thin  layer  of  epithelium 
(Fig.  103).     Such  polypoid  growths  are  probably  in  many  cases  only 
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103. — LONGITITDINAL     SECTION     OP     SmALL     AnAL 

Fibroma  (X  30  diameters). 
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atrophic  hemorrhoids.  They  cause  no  symptoms  and  are  unimportant 
clinically. 

Papillomata  are  occasionally  met  with  in  the  anal  region.  They 
correspond  to  similar  tumors  found  elsewhere  and  have  no  etiologic  con- 
nection with  venereal  disease.  They  do  not  differ  in  their  structure  from 
papillomata  elsewhere.  Papillomata  developing  in  connection  with 
specific  and  non-specific  processes  are  called  condylomata. 

Condylomata,  which  are  frequent  about  the  anus,  are  usually  classi- 
fied in  two  groups,  the  flat  and  the  pointed  condylomata.  The  flat  con- 
dylomata are  broad,  flattened,  sessile  tumors,  consisting  of  connective 
tissue  covered  with  epithelium.  The  surface  is  irregular  and  the  epithe- 
lium is  usually  thin  and  much  macerated  by  the  secretions  of  the  parts. 
Occasionally  extensive  ulceration  occurs.  The  epidermal  layer  is  ex- 
tensively infiltrated  with  leukocytes,  and  frequently  covers  the  con- 
nective tissue  but  imperfectly.  The  same  infiltration  with  leukocytes 
is  seen  in  the  subepithelial  connective  tissue.  Such  growths  are  frequently 
of  large  extent,  and  are  most  often  seen  in  connection  with  active  syphilis. 
The  pointed  condylomata  form  small  wart-like  masses  consisting  of 
projecting  connective-tissue  papillae,  carrying  some  blood-vessels  and 
covered  with  a  thick  layer  of  epithelium.  Both  the  epithelium  and 
the  connective  tissue  of  the  papillae  and  the  pedicle  of  the  growth  show  a 
round-celled  infiltration  with  swelling  of  the  vascular  and  lymphatic 
endothelium.  They  are  usually  seen  in  connection  with  chronic  inflam- 
mation of  non-specific  nature  or  of  gonorrheal  origin.  While  these 
papillomata  usually  remain  small,  they  may  form  masses  4  or  5  cm.  in 
diameter. 

Adenomatous  new-growths  of  the  rectal  mucous  membrane  are  the 
most  frequent  of  the  benign  tumors  of  that  organ  and  are  especially  fre- 
quent in  children.  These  adenomata  may  be  single  or  multiple,  and  may 
be  sessile  or  possess  a  long  pedicle,  forming  the  so-called  rectal  pol3^s 
(Fig.  104).  These  polyps  may  either  be  villous,  or  form  small,  fairly 
smooth,  nodular,  firm  masses.  In  both  cases  the  growth  is  due  to  a 
hyperplasia  of  the  glandular  tubules  of  the  mucosa,  the  formation  of  the 
pedicle  being  due  in  many  cases  to  the  looseness  of  the  submucous  coat 
and  the  dragging  of  the  tumor  on  the  mucous  membrane.  Microscop- 
ically these  growths  show  an  extreme  hyperplasia  of  the  glands  of  the 
rectum,  chiefly  of  the  deeper  portion  of  Lieberkiihn's  crypts.  A  good 
deal  of  mucus  is  usually  produced  in  the  tubules  and  may  give  rise  to  cyst 
formation.  The  hjrperplasia  of  the  epithelium  of  these  rectal  polyps 
usually  remains  within  the  limits  of  normal  tissue  growths,  but  occasion- 
ally the  cellular  proliferation  becomes  more  active  and  the  tumor  assumes 
the  type  of  adenocarcinoma.  It  is  often  difficult,  however,  morphologic- 
ally to  separate  the  two.  Some  of  the  simple  adenomata  apparently  recur 
as  carcinomata,  though  the  morphology  of  the  original  growth  may  not 
suggest  malignancy.  Occasionally,  also,  carcinoma  of  the  rectum  may  be 
associated  with  multiple  adenomata  of  the  intestinal  tract  not  of  a  malig- 
nant type  (Hauser).  The  size  to  which  these  polyps  may  develop  is  vari- 
able.   Usually  they  are  small,  often  not  over  a  centimeter  in  diameter. 
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Not  infrequently  they  may  reach  the  size  of  4  or  5  cm.,  and  very  much 
larger  tumors  have  been  seen. 

Other  tumors  of  the  benign  type  are  found  in  the  rectum,  but  are  of 
great  rarity.  Among  these  may  be  enumerated  lipomata,  which  usually 
form  in  the  fatty  appendices  of  the  upper  portion  of  the  rectum,  but  may 
project  into  the  lumen  and  cause  invagination  or  prolapse  of  the  gut. 
Occasionally,  such  tumors  have  been  found  free  in  the  pelvis,  the  pedicle 
attaching  them  to  the  gut  having  ruptured.  They  often  contain  a  con- 
siderable proportion  of 
fibrous  tissue  and  may  be 
properly  designated  as 
fibrolipomatA. 

Another  rare  tumor 
is  the  myoma  or  fibro- 
myoma.  These  growths 
spring  from  the  muscu- 
laris  of  the  intestine, 
chiefly  from  the  longitu- 
dinal layer.  They  consist 
of  smooth  muscle-fibers 
and    fibrous    connective 


Fio.  104.— Rectal  Polyp. 
The  tumor  was  of  benign  na- 
ture, and  was  composed  of  Hyper- 
plastic mucous  membrane. 


Flo.  106. — Colloid  Carcinoma  op  the  Rectum,  Annular 
Form,  Situated  about  5  cm.  Above  the  Anus. 
a.  Dilate  atrophic  upper  portion  of  rectum;   6,  new- 
growth  involving  all  the  coats;    c,  beginning  of  anal  por- 
tion of  rectum. 


tissue  in  various  proportions.  They  may  project  outward  or  inward.  In 
the  latter  case  a  pedicle  may  develop,  giving  rise  to  a  polypoid  myomatous 
growth.  Under  such  circumstances,  however,  the  surface  of  the  tumor 
is  covered  with  mucous  membrane,  and  it  is  not  always  easy  to  separate 
them  from  the  true  polyps  of  the  rectum. 

Angiomata  have  been  described.  They  are  merely  flat  tumor-like 
masses  whose  substance  is  chiefly  composed  of  dilated  capillaries. 

Malignant  Tumors. — Epithelial  Group. — Carcinoma  of  the  rectum 
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is  frequently  seen,  forming  a  considerable  proportion,  usually  estimated  at 
three-fourths,  of  the  tumors  of  the  intestinal  tract.  Usually  the  growths 
retain  an  adenomatous  type  with  a  diffuse  growth  of  tubules  lined  with 
cylindric  epithelium.  These  tubules  and  the  cells  lining  them  vary  but 
slightly  from  the  normal  tissues  of  the  rectum,  and  the  determination  of 
the  malignancy  of  the  tumor  often  has  to  be  made  upon  the  penetration 
of  the  submucosa  of  the  rectum  by  the  new-growth.  Other  more  aberrant 
types  are,  however,  not  infrequent,  and  medullary,  gelatinous,  and  scir- 
rhous carcinoma  may  be  seen.  The  growths  may  be  situated  in  any 
portion  of  the  rectum;  usually  they  are  present  either  in  the  lower  portion 
just  above  the  anus,  .or  in  the  upper  portion  near  the  sigmoid.  They  may 
occupy  only  a  small  portion  of  the  wall  of  the  gut  as  a  flat  plaque;  they 


Fio.  106. — Sbction  of  Wall  or  Rectum  Showing  Invasion  op  the  Muacularis  by  New-crowth 

About  10  cm.  Distant  raoM  the  Point  or  Section. 

The  mucous  membrane  shows  the  leaiona  of  chronio  catarrhal  colitis  ( X  25  diameters). 

may  involve  large  portions  of  the  tube  on  one  surface  only,  or  they  may 
form  cylindric  masses  entirely  encircUng  the  lumen  (Fig.  105).  The 
inner  surface  of  the  growth  is  usually  rough  and  irregular  and  ble^s  very 
easily,  and  the  superficial  portions  frequently  undergo  extensive  necrosis. 
If  the  necrosis  becomes  very  expensive,  a  proliferation  may  occur,  with  the 
formation  of  fistulas  between  neighboring  hollow  organs,  such  as  the 
bladder  or  vagina. 

A  small  tumor  at  one  point  may  give  rise  to  extensive  infiltration  of 
the  submucosa  or  muscularis  or  of  a  large  portion  of  the  muscularis  above 
and  below  it  without  involving  the  mucosa.  Such  invasion  takes  place 
through  the  lymphatics  of  the  submucous  layer  (Fig.  106).  Usually  the 
carcinomatous  tumors  of  the  rectum  are  confined  to  the  wall  or  to  the 
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neighboring  lymph-nodes,  at  least  in  the  early  stages  of  the  diseaiie. 
Occasionally,  however,  extensive  invasion  may  be  seen  in  the  broad 
ligaments,  the  bladder,  and  the  retroperitoneal  lymph-nodes  and  areolar 
tissues,  while  general  metastases  are  sometimes  met  with,  most  frequently 
involving  the  liver  and  lungs.  Occasionally,  the  cells  of  the  tumor  pene- 
trate the  serous  coat  of  the  upper  portion  of  the  rectum  and  form  metasta- 
tic nodules  on  the  peritoneal  surface  of  the  neighboring  loops  of  the  in- 
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Flo.  107. — Diagrammatic  Sketch  to  Illustrate  the  Formation  of  Metastasss  in  Carcinoma 

OF  THE  Rectum. 
The  surface  of  the  ulcerated  growth  can  be  seen  inmde  the  lumen  of   the  rectum  at  (c).     At 
(b)  is  a  nodule  on  the  surface  of  the  rectum;  at  (a),  a  similar  nodule.     To  the  left  of  (a)  is  a  small 
mass  which  lay  in  the  broad  ligament  and  was  adherent  to  the  uterus.     There  were  do  other  metas- 
tases of  the  growth  found. 

testine  (Fig.  107).     These  nodules  closely  resemble  tubercles,  especially 
when  small  or  when  present  in  the  omentum. 

Besides  the  adenomatous  changes  already  referred  to  as  occurring  in 
connection  with  carcinomatous  new-growths,  the  mucosa  in  the  neigh- 
borhood of  a  carcinoma  may  be  the  site  of  extensive  ulceration  or  atrophy. 
The  atrophy  of  the  mucous  membrane  is  most  frequently  seen  in  connec- 
tion with  tumors  causing  marked  stenosis.  The  gut  above  the  point  of 
stenosis  is  very  often  thin  and  the  mucous  membrane  greatly  altered 
(Fig.  105). 
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Epitheliomata  occur  only  secondarily  in  the  rectum,  but  are  the  type  of 
malignant  tumor  regularly  found  arising  from  the  squamous  epitheliiun 
of  the  anal  region.  The  growths  follow  the  regular  type  of  squamous- 
celled  epithelioma  seen  elsewhere,  corresponding  in  all  details  with  the 
epitheliomata  of  the  lip.  They  form  nodular,  flattened  tumors  without  a 
pedicle,  and  may  occupy  only  a  portion  of  the  circumference  of  the  anal 
ring,  or  may  completely  surround  the  orifice.  Ulcerative  changes  are 
frequently  met  with. 

Microscopically  the  growths  are  composed  of  branching  strands  of 
flat  epithelial  cells,  frequently  containing  a  large  number  of  epithelial 
pearls  (Fig.  108).    Extensive  metastases  are  not  frequent.    If  present, 


Fig.  108. — Epithbuoma  op  Anub. 
At  a,  maceratod,  otherwise  normal,  epithelial  surface;    b,  slouch  on  the  surface  of  tumor 
c,  epithelial  strands  with  pearls  innltrating  the  connective  tissue  (X  about  25  diameters). 


they  are  usually  in  the  superficial  inguinal  nodes,  though  the  invasion  of  the 
perineal  tissues  may  result  in  involvement  of  the  pelvic  nodal  groups. 

Connective-tissue  Tumors. — Sarcomata. — Primary  sarcoma  is  very 
rarely  found  in  the  rectum.  Secondary  invasion  is  not  infrequent,  due  to 
metastases  from  the  original  growth  in  other  pelvic  organs. 

The  primary  sarcomata  are  of  three  types.  A  form  frequently  found 
in  the  small  intestine,  but  rarely  in  the  rectum,  is  the  lymphosarcoma, 
which  arises  in  the  lymph-follicles  of  the  intestinal  wall.  Usually,  how- 
ever, such  growths  are  not  single  and  confined  to  the  rectum  alone,  but  are 
multiple  and  are  present  also  in  some  other  portion  of  the  intestinal  tract. 
Instead  of  causing  stenosis  as  do  the  carcinomata,  a  lymphosarcomatous 
growth  in  the  rectum  is  apt  to  cause  a  dilatation  of  that  viscus,  or  at  least 
not  to  narrow  the  lumen.    The  tumor  usually  involves  the  submucosa  and 


158  SURGERY   OF  THE   RECTUM   AND  ANUS. 

muscularis,  and  forms  elongated  masses  lying  lengthwise  to  the  gut,  and 
is  not  so  apt  to  produce  cylindric  thickenings  as  the  carcinoma. 

Another  form  of  sarcoma  is  the  spindle-celled  or  mixed-cell  sarcoma 
arising  from  the  connective  tissue  of  the  submucous  layer.  These  tumors 
may  project  into  the  lumen  and  form  pedunculated  masses,  but  usually 
remain  as  more  or  less  spheric  or  longitudinal  new-growths. 

The  most  frequent  type  of  sarcoma  found  in  the  rectum  is  the  naelan- 
oma,  a  tumor  largely  composed  of  pigmented  connective-tissue  cells. 
These  tumors,  however,  are  extremely  rare  in  comparison  to  the  frequenc}^ 
of  carcinoma  in  this  situation.  The  growths  are  composed  of  spindle  or 
polyhedral  cells,  some  bearing  pigment,  others  not.  They  arise  in  the 
submucous  tissues  and  spread  not  only  by  the  lymphatics  but  through 
the  blood-vessels,  so  that  multiple  melanotic  deposits  are  usually  found 
scattered  throughout  the  organs  of  the  body.  Such  tumors  are  extremely 
malignant,  producing  fatal  results  rather  more  rapidly  than  the  two  forms 
above  described. 

Endothelioma ta  have  been  described  (Schlesinger),  the  cells  of  the 
growth  being  derived  from  the  endothelium  of  the  dilated  vessels  present 
in  hemorrhoids.  Too  small  a  number  of  cases  have  been  seen,  however, 
to  permit  of  a  thorough  investigation  of  the  structure  and  clinical  course 
of  these  new-growths. 

Treatment  of  Rectal  Tumors.— During  the  memory  of  surgeons 
still  living  the  treatment  of  tumors  and  cancer  of  the  rectum  and  anus 
has  been  put  upon  a  plane  with  the  surgery  of  other  parts  of  the  body. 
As  a  consequence  malignant  tumors  have  been  lifted  out  of  the  hopeless 
class  into  which  they  had  been  consigned. 

Operative  work  has  advanced  along  rational  lines,  parallel  with  the 
lines  of  abdominal  surgery.  The  public  now  understands  the  frequent 
necessity  of  the  formerly  abhorred  and  condemned  inguinal  artificial 
anus.  An  artificial  anus  so  placed  is  now  entirely  manageable  and  the 
sufferer  from  even  advanced  stages  of  malignant  growth  has  much  the 
same  hope  of  respite  or  cure  that  he  has  in  cases  of  the  same  disease  else- 
where. 

It  must  first  be  recognized  that  carcinoma  is,  in  the  beginning,  an  ab- 
solutely local  disease.  With  the  recognition  of  this  fact  and  with  the  grow- 
ing tendency  of  educated  medical  men  to  make  digital  examinations  of 
the  rectum  in  every  case  of  complaint,  there  now  comes  to  the  surgeon 
a  large  number  of  patients  seeking  surgical  relief  early.  The  prevalent 
custom  of  using  rubber  finger-cots  or  rubber  gloves  in  making  rectal  ex- 
aminations, thus  preventing  contamination  of  the  finger  and  diminishing 
the  obnoxious  character  of  the  procedure,  leads  to  many  more  digit^ 
examinations  being  made. 

The  symptoms  of  cancer  of  the  rectum  are  so  often  vague  and  fail  to 
force  themselves  upon  the  notice  of  the  patient  that  there  will  always  be 
some  sufferei*s  who  apply  too  late  to  take  advantage  of  radical  operation. 
Hence  palliative  relief  must  be  considered. 

Irritation  being  granted  as  a  fruitful  cause  of  origin  of  the  disease, 
it  is  both  logical  and  practical  to  endeavor  to  help  the  symptoms  by 
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finding  and  removing  irritation.  To  lessen  irritation  also  retards  the 
rapid  progress  of  the  growth.  The  one  irritation  ever  present  is,  of  course, 
the  passage  of  fecal  material  over  the  ulcerated  surface.  If  this  is  scy- 
balous, or  contains  a  preponderance  of  rough  food  products,  husks  of 
cereals  or  meat  remnants,  it  will  be  more  apt  to  provoke  the  surface  and 
induce  bleeding.  Therefore  modified  diet,  the  daily  use  of  soothing 
laxatives,  and  frequent  oil  enemata  will  so  far  cleanse  the  rectum  that 
relief  will  be  obtained  from  any  distressing  symptoms  of  neuralgia  and 
from  numerous  dysenteric  and  bloody  movements. 

The  one  great  palliation  of  the  disetuse  in  inoperable  cases,  however, 
lies  in  the  early  establishment  of  a  manageable  artificial  inguinal  anus. 
The  relief  to  the  system  is  comparable  to  that  following  a  gastroenteros- 
tomy in  malignant  disease  of  the  pyloric  end  of  the  stomach.  There  is 
one  additional  favoring  circumstance,  that  is,  the  rectum  is  the  seat  of 
untold  numbers  of  bacteria  of  serious  pathologic  types,  while  the  stomach 
is  relatively  free. 

These  detrimental  and  noxious  bacteria  are  promptly  removed  from 
active  life  in  large  measure,  as  soon  as  the  waste  food-products  are  di- 
verted from  the  rectum,  and  stagnation  at  the  site  of  cancer  obviated. 
The  physiologic  call  of  hyperemia  in  intestinal  action  is  reduced  to  a 
minimum,  and  one  sees  a  quick  change  in  the  secretions  of  the  ulcer  and 
the  whole  rectal  mucous  membrane;  whereas  before  the  inguinal  anus 
diverted  the  fecal  current  there  existed  not  only  a  profuse  rectal  mucus 
secretion,  but  a  putrid  bloody  and  purulent  flow  from  the  disease,  which 
was  either  washed  away  by  the  patient,  or  left  to  annoy  and  be  absorbed. 
After  colostomy  one  sees  both  discharges  cease  almost  entirely.  This 
agrees  with  the  physiologic  law  that  when  an  organ  is  put  out  of  function 
it  atrophies  and  ceases  to  secrete,  or  if  secretion  goes  on,  the  balance  be- 
tween absorption  and  secretion  is  established  and  no  waste  products  re- 
sult. Hence  the  logical  utility  of  the  inguinal  anus  in  retarding  disease 
and  promoting  the  health  and  comfort  of  the  patient. 

Delay  in  creating  this  beneficent  outlet  should  not  be  prolonged  from 
motives  of  sentiment.  The  tendency  of  malignant  growths  to  create  a 
dilatation  or  pouching  above  them  by  obstruction  extends  soon  to  the 
sigmoid  and  colon,  so  that  fecal  impaction  with  fecal  toxemia  is  the  in- 
evitable result  in  great  numbers  of  cases.  When  this  occurs  the  operation 
risk,  even  of  creating  an  inguinal  anus,  is  much  increased.  The  kidneys 
are  choked  with  toxic  products,  are  taxed  to  clear  the  system  of  impurities 
absorbed  by  the  colon,  and  because  of  toxemia,  albuminuria,  and  in- 
dicanuria,  the  patient  may  easily  succumb. 

The  picture  of  a  rectum  holding  back  the  decaying  elements  of  ulcerat- 
ing cancer,  plus  the  excrementitious  contents  of  the  colon  in  the  pelvic 
sink,  is  not  one  easily  exaggerated.  The  absorption  of  such  foul  toxins 
is  the  immediate  cause  of  the  greenish  cachexia,  secondary  anemia,  and 
weak  vitality  characteristic  of  these  patients,  and  the  surgeon  often  sees 
a  prompt  restoration  to  natural  color  of  the  complexion  when  an  artificial 
outlet  is  made  in  the  groin.  The  operation  greatly  improves  the  health 
and  gives  notable  comfort  for  many  months. 
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When  colostomy  has  been  perfonned  codein  or  opium  should  be  given. 
Their  value  in  checking  liquid  movements,  reducing  the  wear  and  tear  of 
neuralgia,  and  retarding  tissue  change,  is  added  to  their  well-known 
power  in  lulling  anxiety  caused  by  suffering,  procuring  sleep,  and  induc- 
ing a  peaceful  state  of  mind  which  goes  far  to  reconcile  the  patient  to 
the  inevitable. 

Operation  for  Rectal  Tumors. — The  surgeon  has  a  choice  of  several 
methods,  which  he  must  comprehend  fully  in  order  wisely  to  apply  the 
right  one  to  the  case  in  hand. 

Much  will  depend  on  whether  the  growth  is  a  tuberous  or  an  annular 
cancerous  mass.  If  tuberous,  it  may  be  low  down  and  limited  to  a  small 
area  of  the  rectal  circumference,  and  may  have  a  sessile  base  or  a  neck 
smaller  than  the  growth.  For  such  a  tumor  the  legitimate  operation  will 
be  one  of  excision  of  the  growth  and  a  neighboring  part  of  the  ample  wall 
of  the  rectum.  But  if  it  be  annular,  or  spread  over  a  third  of  the  circum- 
ference, it  will  be  unwise  to  trifle  with  minor  procedures. 

The  two  major  operations  are  amputation  of  the  rectum  and  resection. 
Amputation  consists  In  removal  of  the  entire  rectal  tube  from  above  the 
disease  to  the  anal  margin.  Resection  consists  in  cutting  out  that  portion 
which  is  diseased  and  uniting  uninvolved  parts  above  and  below  into  a 
continuous  channel. 

The  methods  of  operating  are  classified  according  to  the  route  by  which 
each  is  done.  The  rectal,  vaginal,  perineal,  sacral,  and  abdominal  (or 
combinations  of  these)  comprehend  the  available  routes. 

Rectal  Method. — If  the  tumor  is  very  low  down,  it  may  perhaps  be 
removed  through  a  well-dilated  sphincter  ani  and  be  removed  tetter  and 
more  safely  than  by  any  other  method.  The  rectal  method  does  not 
differ  much  from  the  operation  for  removal  of  hemorrhoids.  If  the 
growth  occupies  a  small  marginal  surface  and  has  not  invaded  the  muscle, 
it  may  be  legitimately  excised,  if  the  operator  but  keep  in  mind  the  ob- 
servation that  three-quai-ters  of  an  inch  of  apparently  uninvolved  mucous 
coat  is  the  least  margin  of  safety.  Microscopic  study  shows  that  in- 
vasion of  the  submucous,  the  muscular,  and  the  extra-muscular  layer  is 
progressively  wider  as  one  leaves  the  mucous  surface. 

If  the  growth  is  not  movable  at  the  submucous  coat,  it  may  be  known 
to  have  invaded  the  muscular,  and  then  one  cannot  rightly  leave  the 
sphincter  or  any  of  the  intestinal  tube. 

If  there  is  wide  involvement  of  the  mucosa  alone,  that  is,  if  the 
growth  is  superficial  and  glandular,  a  resection  of  the  mucous  tube  after 
the  method  of  Whitehead's  operation  for  hemorrhoids  may  be  sufficient. 
The  number  of  cases  in  which  this  limited  operation  is  available  is  not 
large,  and  should  be  more  and  more  restricted.  Its  advantage  is  great, 
because  of  the  subsequent  sphincter  control. 

The  one  bugbear  of  rectal  surgery  is  incontinence  of  feces.  No  op>era- 
tions  involving  removal  of  the  sphincter  can  insure  subsequent  control. 
Nevertheless  the  operator  must  have  but  one  guiding  thought  in  his 
operation,  namely,  removal  of  all  the  disease,  and  the  patient  is  obliged  to 
take  the  consequences.   Substitutes  for  a  sphincter  will  be  spoken  of  later. 


TUMORS   OF  THE   RECTUM  AND  ANUS.  161 

The  vaginal  method  holds  a  legitimate  place  in  the  procedures  of 
choice.  The  rectovaginal  septum  is  so  close  to  a  large  number  of  rectal 
growths  that  they  can  be  felt  by  vaginal  touch;  hence  this  tube  has 
been  adopted  by  some  surgeons  as  a  feasible  avenue  of  approach. 

The  usual  preliminaries  being  carried  out,  and  a  lithotomy  position 
maintained,  the  operator  incises  through  the  posterior  vaginal  wall,  and 
carries  his  incision  around  the  anus  into  both  the  ischiorectal  fossae,  or 
he  splits  the  perineum  in  the  median  line,  dividing  the  vaginal  and  rectal 
sphincter  precisely  as  if  a  complete  rupture  had  taken  place  in  parturition. 
Even  more,  he  may  split  the  rectal  sphincter  in  two  halves,  carrying  his 
incision  back  to  the  coccjrx.  This  implies  careful  restoration  afterward 
of  the  divided  muscle  ends.  The  rectum  can  now  be  readily  isolated  by 
blunt  dissection  from  the  wide  open  pelvis.  There  will  be  considerable 
hemorrhage  during  this  stage,  which  can  be  checked  by  clamps  and 
packing. 

The  peritoneal  cavity  will  be  opened  by  cutting  across  the  vagina  be- 
hind the  cervix  uteri,  and  the  scissors  will  cut  the  peritoneum  as  it  is 
reflected  from  the  rectum,  so  that  the  latter  can  be  dra^vn  down  several 
inches,  held  only  by  its  sacral  cellular  and  vascular  connections,  which 
stretch  enough  to  permit  resection  of  three  or  four  inches.  The  intestines 
must  be  kept  in  the  abdomen  by  gauze  in  the  form  of  pads  ten  inches 
square,  or  by  narrow  pads  (4  inches  by  10  inches)  with  tapes  attached. 

If  the  disease  requires  i*esection  of  several  inches,  a  series  of  sutures 
can  be  placed  so  as  to  unite  the  healthy  anal  end  to  the  upper  sigmoid  end. 
These  must  be  hi  a  double  row,  the  first  one  on  the  sacral  aspect  holding 
the  muscular  layer,  the  second  the  mucous  layer. 

The  repair  of  the  muscular  and  mucous  coats  of  the  rectum  having  been 
accomplished,  the  vaginal  wall  is  sutured  independently  by  catgut  con- 
tinuously applied,  and  the  sphincter  and  perineum  are  repaired  as  in  peri- 
neorrhaphy, namely,  by  silkworm-gut  stitches  through  the  skin  securing 
the  divided  muscular  ends  in  apposition.  Some  advise  a  separate  catgut 
stitch  to  hold  the  muscle  end  with  some  precision,  but  it  will  be  wise  to  use 
here  only  fine  catgut  for  exact  apposition,  and  rely  on  the  silkworm-gut 
to  secure  permanence.  The  silkworm-gut  should  remain  in  place  for 
ten  days. 

Even  with  these  precautions  there  is  apt  to  be  a  small  temporary 
fecal  fistula  through  the  vaginal  suture  line;  but  as  the  mucosa  in  both 
the  rectum  and  vagina  has  l^een  inverted  into  its  respective  canal,  this 
small  fistula  heals  spontaneously  by  granulation. 

This  rather  elaborate  procedure  is  by  no  means  as  easy  as  it«  descrip- 
tion suggests.  I  have,  however,  proved  its  utility,  with  less  shock  and 
great  simplification  in  badly  involved  cases,  by  first  having  established 
an  artificial  anus;  the  sigmoid  end  of  the  colon  being  closed  and  dropped 
back  into  the  abdomen.  Then,  disregarding  the  fecal  discharge,  now 
arrested  at  the  inguinal  opening,  the  disease  is  eradicated  with  such 
liberal  i-emoval  of  the  involved  rectum  and  vaginal  wall  as  is  required, 
the  wound  packed,  and  allowed  to  heal  by  granulation. 

It  is  amazing  how  well  the  pelvic  outlet  closes  as  it  heals,  and  the  open 
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lower  end  of  the  sigmoid  becomes  continuous  with  the  vagina,  above  the 
level  of  the  uterus.  Nevertheless,  with  absence  of  normal  fecal  irritation 
the  mucous  secretion  is  pure  and  finally  ceases,  as  the  balance  between 
secretion  and  absorption  is  established;  so  that  the  patient  notices  no 
more  than  would  be  normal  to  the  vagina  alone.  This  method  seems  to 
be  more  in  accord  with  modem  surgical  principles  than  an  attempt  to 
suture  and  to  re-establish  a  normal  anal  discharge;  inasmuch  as  the  surgeon 
always  has  before  him  the  difficulty  of  reuniting  the  ends,  and  is  temptetl 
to  excise  too  near  the  disease  in  spite  of  his  best  intentions,  thus  inviting 
recurrence. 

By  the  vaginal  route  it  is  possible  to  remove  a  limited  part  of  the 
anterior  wall  of  the  rectum,  if  the  growth  is  fortunately  discovered  early, 
and  happens  to  be  placed  in  this  situation.  Such  occasions,  however,  are 
rare. 

The  perineal  route  was  the  earliest  adopted  by  surgeons  for  ex- 
tirpation of  rectal  cancer,  and  for  many  years  was  the  accepted  method. 
First  offered  by  I^isfranc,  in  1822,  it  was  subjected  to  many  variations, 
and  in  spite  of  drawbacks  is  utilized  by  some  today.  Its  great  drawback 
is  the  incontinence  resulting  from  removal  of  the  sphincter  with  the  anal 
portion  of  the  rectum,  and  the  establishment  of  a  trumpet-shaped  opening. 

Operation, — Assuming  the  disease  to  be  so  placed  as  to  require  re- 
moval of  the  lower  part  of  the  rectum  and  anus,  the  patient  is  placed  in  the 
lithotomy  posture,  and  a  free  incision  is  made  in  the  raphe  of  the  perineum, 
thence  around  both  sides  of  the  anus,  meeting  in  the  median  line,  and  ex- 
tended to  the  coccjrx  or  beyond.  The  cocc)rx  may  be  excised  if  neces- 
sary, to  gain  increased  space.  The  anus  had  best  be  closed  by  a  heavy 
purse-string  suture,  to  contain  its  contents,  and  enable  one  to  handle  it 
freely. 

Having  drawn  down  the  closed  anal  portion  with  sphincter  attached, 
the  operator  finds  on  traction  that  it  is  held  back  by  the  tubular  invest- 
ment of  the  levator  ani  and  pelvic  fascia,  and  by  snug  anterior  attachment 
to  the  base  of  the  bladder  and  urethra  in  the  male. 

By  a  circular  sweep  of  the  knife  at  the  sides,  and  between  the  coccyx 
and  anus,  this  fibro-muscular  support  is  cut,  and  a  finger  can  readity 
be  used  to  separate  the  rectal  tube,  except  in  front,  where  care  is  needed. 
In  the  male  urethra  a  sound  should  be  placed  to  separate  the  growth 
without  tearing  the  bladder.  It  soon  yields  to  traction  and  blunt  dis- 
section, with  not  much  hemorrhage,  and  when  loosened  from  the  sacral 
hollow  it  is  found  to  be  held  only  by  the  peritoneum  where  it  stretches 
in  front  to  the  bladder,  and  behind  by  the  sacral  mesorectum.  Almost 
all  the  nutrient  vessels  are  contained  here.  If  the  diseased  area  is 
high,  the  peritoneum  must  be  opened  and  cut  around  the  sides  of  the 
drawn-out  rectum,  which  gives  great  freedom;  so  that  the  proximal  end 
can  be  brought  to  reach  the  anal  skin.  This  is  all  that  is  required,  and 
the  operator  now  amputates,  after  tacking  the  wall  of  the  bowel  to  the 
skin  to  prevent  retraction.  The  parts  are  now  washed  and  a  tube  of 
rubber,  wound  with  iodoform  gauze,  inserted  into  the  bowel,  with  an 
additional  sacral  drain  at  the  tip  of  the  cocc^-x. 
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The  Coccygeal  and  Sacral  Methods. — For  twenty  years  the  experi- 
ence of  worid-famed  operators  has  advanced  the  operative  method  of 
removing  rectal  cancer  along  Unes  of  more  thorough  extirpation.  Ac- 
knowledged prominence  has  been  given  to  the  method  and  to  the  deter- 
mination of  Kraske,  of  Freiburg,  to  remove  to  their  fullest  limit  behind 
the  rectum  all  barriers  that  prevent  elaboration  and  safeguarding  of  the 
excision.  The  demonstration  that  the  presence  of  the  lower  half  of  the 
sacrum  and  the  coccyx  was  not  necessary  to  the  integrity  of  the  pelvis 
led  Kraske  to  propose  their  removal  up  to  the  limit  of  the  third  sacral 
foramen.  From  this  emerges  the  sacral  root  giving  nerve-supply  to 
the  rectum  and  bladder.  The  destruction  of  one  third  root  leads  to  im- 
paired function,  and  of  both  to  paralysis  of  the  bladder.  The  nerves 
emerging  from  the  fourth  and  fifth  foramina  are  unimportant.  Until 
the  past  five  years  the  Kraske  method  has  been  quite  generally  accepted 
as  superior  to  all  others  in  permitting  removal  of  cancer  in  the  sacral 
hollow  or  in  the  upper  rectal  region.  Kocher  alone  has  maintained  that 
removal  of  the  coccyx  only,  gives  enough  room  for  thorough  work. 

A  description  of  Kraske's  operation  will  exhibit  the  principle  of  all 
sacral  methods  of  resection  of  the  rectum.  The  patient  is  placed  on  his 
right  side  with  hips  raised  on  a  sand-bag  and  thighs  well  flexed  on  the  ab- 
domen. A  deep  skin  incision  is  made  in  the  median  line,  from  the  anus 
to  the  sacrum,  and  along  its  upper  border  to  near  the  posterior  inferior 
iliac  spine;  this  is  carried  down  to  and  divides  the  sacrosciatic  ligaments 
and  some  parts  of  the  gluteus  maximus  muscle;  these  being  separated 
from  the  sacrum,  a  chisel  or  saw  is  appUed  across  the  sacrum  below  the 
level  of  the  third  posterior  foramen.  Some  prefer  to  pass  a  Gigli  saw 
underneath  and  cut  the  sacrum  on  this  Une;  others  divide  it  by  heavy 
bone-cutting  forceps.  Rehn  and  Rydygier  make  an  additional  transverse 
skin  incision  and  save  the  bone  attached  as  an  osteoplastic  flap,  hinged 
on  the  right  side.  Modifications  of  this  extreme  bone  removal  suffice  in 
many  cases  according  to  the  extent  of  the  involvement,  and  have  been 
advocated  by  Heinecke,  Bardenheuer,  Hochenegg  and  others;  each 
removing  part  or  all  of  the  coccyx  and  the  left  side  of  the  sacrum  only,  or 
some  part  within  the  limit  set  by  Kraske.  All  have  for  many  years  been 
such  ardent  advocates  of  the  method  that  we  have  evidence  of  its  great 
merit. 

In  subsequent  steps,  however,  we  have  evidence  of  its  deficiency. 
The  exposure  of  the  soft  parts  being  accomplished,  approach  to  the 
rectum  is  obtained  by  cutting  in  the  median  Une  through  the  junction  of  the 
levator  ani,  dividing  them  laterally  above  the  sphincter.  The  rectal  tube 
is  now  roughly  dissected  from  its  various  attachments,  most  intimate 
at  the  anterior  aspect.  The  peritoneum  must  usually  be  opened  and 
spUt  around  the  rectum  to  permit  its  descent.  As  far  as  need  be,  the 
suspending  mesorectum  must  be  drawn  upon  and  ligated,  so  as  to  leave 
the  superior  hemorrhoidal  artery  absolutely  the  last  part  to  be  tied.  By 
this  procedure  a  free  portion  of  the  rectum  can  be  drawn  down  and 
united  to  the  anal  section, — if  happily  it  be  uninvaded, — thus  com- 
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pleting  the  tube.  Should  the  union  be  impossible,  the  drawn  down  end 
must  be  stitched  in  the  sacral  wound  and  left  as  a  permanent  anus. 

Gersuny  has  devised 
a  method  of  partially  ob- 
structing and  transform- 
ing this  deficient  anus,  by 
twisting  the  bowel  one 
half-turn  or  more  before 
stitching,  to  make  a  spiral 
end  to  the  outlet  in  hopes 
of  its  being  more  manage- 
able. This  addition  has 
been  generally  abandoned 
as  giving  an  improvement 
in  but  a  small  number  of 
cases,  and  adding  a  risk 
of  infection  and  of  gan- 
grene of  the  end. 

The  ideal  to  be  at- 
tained is  restoration  of 
the  canal  without  tension, 
and  with  a  continued 
sphincteric  anus.  Two 
reasons  often  prevent 
this:  First,  the  liability 
to  non-union  of  the  gut 
from  the  absence  of  peri- 
toneal investment;  and, 
second,  the  tension  which 
leads  to  gangrene,  or  at 
least  tearing  of  the 
stitches  through  the  fri- 
able tissue. 

A  long-enduring  fecal 
fistula  often  results  there- 
fore, which,  however, 
generally  closes  in  time 
and  leaves  a  continent 
rectum. 

The  conviction  has 
gradually  forced  itself  up- 
on the  surgical  world  that 
the  sacral  method,  while 
usually  more  thorough 
than  any  other,  for  mid- 
rectal  or  high  cancer,  is 
inadequate  to  permit  ex- 
tirpation of  the   lymph- 


Fio.  109.- 


-Aboominal  Rovtk  for  Cancer  of  the  Rectum. 
Trendelenburg  Position. 
a.  Divide*!  ends  of  the  »i|rnioid  inverteii  by  purse-string 
suture.  Dotted  line  nhows  section  of  the  pelvic  peritoneum. 
b.  Second  step.  Rectum  dissected  from  the  pelvis  after 
ligation  of  the  mesorectum.  c.  Third  step.  Rectum  ready 
for  rcraoya!.  Kraske  method  not  usually  necessary,  as  the 
amputation  above  the  anal  portion  can  be  done  from 
above.     This  affords  excellent  drainage. 
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nodes  in  the  sacral  hollow,  with  satisfaction.  Hence  surgeons  by 
necessity  have  lately  turned  to  the  abdominal  route  as  giving  access 
to  the  rectum  and  the  sacral  lymph-nodes,  and,  as  if  by  general 
consent,  the  deficiency  of  the  sacral  and  lower  routes  has  caused  a  wide 
acceptance  of  the  abdominal  or  the  combined  method  as  preferable  for 
cancer  of  the  middle  or  upper  rectum. 

Kraske  himself  has  become  its  most  ardent  advocate.  The  alluring 
exhibition  of  the  basin  of  the  pelvis  from  above,  when  the  patient,  man  or 
woman,  has  been  placed  in 
the  Trendelenburg  position, 
with  all  the  intestines  kept 
in  the  upper  abdomen  by 
pads,  and  with  only  the  sig- 
moid and  rectum  in  view, 
has  invited  every  surgeon  to 
study  rectal  tumors  from 
this  aspect.  He  sees  at  once 
the  upper  aspect  of  the 
growth,  its  peritoneal  and 
l>Tnphatic  invasion.  He 
sees  that  by  ligation  of  the 
superior  mesenteric  artery  in 
the  mesorectum  the  hemor- 
rhage is  controlled  largely 
before  any  step  is  taken  for 
removal;  that  anastomosis 
is  easy  if  the  tumor  is  near 
the  sigmoid;  that  if  it  be 
lower,  the  rectum  can  be 
most  easily  loosened  from 
the  pelvis  and  dissected 
even  down  to  the  anal  por- 
tion. 

It  is  consistent  with  mod- 
em thoroughness  that  this 
should  be  the  accepted  rout« 
for  high  or  middle  rectal  sur- 
gery. Although  suggested 
by  others,  Quenu  wa*s  the 
first  ardent  advocate  of  this 

method;  now  advanced  by  Kraske  and  indorsed  by  his  continental 
colleagues.  In  America,  Keen,  Weir,  and  others  have  for  ten  years  oc- 
casionally practised  it  with  growing  enthusiasm. 

Kraske  advocates  the  abdominal  separation  of  the  rectum  after 
division  just  above  the  growth,  down  to  its  lowest  attachment.  Then 
transferring  the  patient  from  Trendelenburg's  to  the  right  lateral  prone 
posture,  he  makes  a  quick  sacral  operation,  and  completes  it  as  well  as 


Fig.  110. — Perfectly  Manageable  Left  Inguinal 
Anub  Four  Years  after  Complete  Removal  of 
A  Cancerous  Rectum. 
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circumstances  will  allow;  anastomosing  or  creating  a  sacral  anus  if 
necessary  (Fig.  109). 

American  surgeons,  led  by  Keen  and  Weir,  are  more  prone  to  create 
an  inguinal  anus  at  or  before  operation  to  eliminate  the  rectum,  avoiding 
transit  of  feces  through  the  pelvis,  with  its  many  mishaps,  anal  inefficiency, 
and  provocation  to  return  of  the  disease. 

At  best,  the  victims  of  rectal  cancer  must  be  satisfied  with  a  long 
extension  of  life,  a  reduced  operative  mortality,  and  the  relatively 
slight  discomfort  of  an  inguinal  anus  (Fig.  110). 

Kraske  quotes  his  ten  recent  cases  of  the  combined  method,  all  done 
for  most  advanced  diseases,  as  yielding  four  deaths,  all  in  men,  but  antici- 
pates far  better  results  as  it  is  more  widely  adopted  for  all  cases.  The 
gravity  of  operation  for  pelvic  cancer  is  generally  increased  in  men, 
whether  from  the  greater  tolerance  of  women  to  pelvic  suiigery,  or 
greater  facility  in  removing  the  less  adherent  rectum,  cannot  be  said. 
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CHAPTER  LV. 

EXAHINATION  OF  THE  URINE  IN  RELATION  TO  SURGICAL 

MEASURES. 

By  David  L.  Edsall,  M.D., 

PHILADELPHIA. 

In  recent  years  a  somewhat  violent  discussion  has  been  going  on 
among  those  who  would  often  make  the  clinical  laboratory  the  court  of 
final  appeal  and  those  who  would  divest  many  laboratory  methods  now 
used  of  much  or  all  of  the  clinical  value  that  has  been  attributed  to  them. 
Both  worshippers  and  iconoclasts  have  been  particularly  busy  with  certain 
methods  of  examining  the  urine;  indeed,  in  no  connection  has  this  dis- 
cussion been  more  lively  than  in  relation  to  methods  that  are  intended  to 
furnish  knowledge  of  value  in  determining  the  condition  of  one  or  both 
kidneys.  It  is  my  province  in  this  article  simply  to  express  briefly  my 
view^s  regarding  the  value  or  lack  of  value  of  some  of  the  methods  of 
examining  the  urine,  particularly  some  of  the  more  recent  ones,  confining 
myself  exclusively  to  a  few  questions  that  are  of  especial  surgical  inter- 
est. It  will  be  necassary,  in  order  properly  to  economize  space,  merely 
to  state  my  views,  without  attempting  to  justify  them  by  extended 
technical  discussion,  and  without  giving  descriptions  of  methods.  The 
latter  can  much  more  suitably  be  sought  in  books  that  deal  with  such 
matters  at  length.* 

Since  I  cannot  entirely  share  the  enthusiasm  of  some  writers  regarding 
the  matters  that  fall  within  the  sphere  of  this  article,  but  approach  their 
discussion  with  the  feeling  that  modem  methods  of  examining  the  urine 
have  in  but  few  ways  furnished  really  satisfactory  additions  to  our  diag- 
nostic powers,  my  task  is  not  altogether  attractive ;  for  it  amounts  largely 
to  a  criticism  that  is  more  or  less  unfavorable  or  skeptical.  Many  of  the 
questions  to  be  discussed  remain  at  present  in  so  chaotic  a  state  that  it 
is  hard,  at  best,  to  pass  fair  judgment  upon  them.  The  difficulty  in 
learning  the  actual  value  of  most  of  these  methods  from  the  statistics 
which  have  been  accumulated  has  been  largely  increased  by  the  fact  that 
a  considerable  proportion  of  those  who  have  greatly  overpraised  them, 
as  well  as  many  who  have  most  severely  condemned  them,  have  carried 
on  their  discussions  from  the  point  of  view  of  expecting  clinical-laboratory 
methods  to  furnish  specific  facts  of  conclusive  value  in  diagnosis  and  prog- 
nosis. This  is,  of  course,  entirely  out  of  the  question.  The  p)oint  at 
issue  is  the  capacity  of  these  methods  to  furnish  fragments  of  knowledge 
that,  when  added  to  numerous  other  fragments  gained  by  bedside  work, 
will  aid  materially  in  forming  a  correct  opinion  of  the  case. 
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Another  misconception  as  to  the  value  of  these  methods  is  based  upon 
a  lack  of  understanding  as  to  what  many  of  them  are  actually  intended 
to  accomplish.  Many  persons  appear  to  feel,  for  example,  that  cryos- 
copy  has  or  should  have  some  mysterious  power  of  determining  things 
that  are  beyond  and  above  the  powers  of  other  methods  directed  toward 
the  same  end;  while,  as  a  matter  of  fact,  cryoscopy  simply  does  much 
the  same  thing  as  do  some  other  methods.  When  carried  out  properly, 
however,  it  is  more  delicate  and  gives,  in  a  certain  sense,  a  more  compre- 
hensive result — although  not  necessarily  one  that  is  more  valuable 
clinically. 

It  is  impossible  to  reach  a  fair  decision  as  to  the  value  of  any  of  these 
methods,  unless  one  admits  at  the  outset  that,  as  a  rule,  no  one  of  them 
can  furnish  knowledge  that  of  itself  suffices  for  a  diagnosis.  It  is  like- 
wise important  that  any  one  attempting  to  use  them  in  reaching  a  con- 
clusion should  not  only  be  familiar  with  the  fact  that  a  method  is  intended 
to  furnish,  for  example,  knowledge  of  the  state  of  the  kidneys  or  the  pan- 
creas, and  should  have  some  acquaintance  with  the  statistical  results 
of  its  use,  whether  favorable  or  not;  he  should  also  be  famiUar  with  the 
manner  in  which  the  method  is  supposed  to  accomplish  its  end,  and  should 
have  some  conception  of  its  inherent  powers  and  limitations.  A  clinician 
may  be  imskilled  in  the  use  of  a  method,  and  yet  get  useful  results  through 
an  assistant;  but  he  cannot  do  this  safely  unless  he  understands  the 
rationale  of  the  method  sufficiently  to  be  able  to  determine  largely  by 
himself  the  value  of  the  result  in  an  individual  case,  and  to  depend 
upon  the  laboratory  man  almost  solely  for  an  accurate  result  rather 
than  for  an  opinion  as  to  its  value. 

Again,  there  has  recently  been  a  strong  tendency  to  seek  the  delicate 
and  difficult  methods  of  the  physicist  and  of  the  physico-chemist  in  clinical 
work,  in  order  to  insure  greater  accuracy.  While  accuracy  is  in  itself 
always  desirable,  it  should  be  remembered  that — contrary  to  the  con- 
ditions in  physical  work,  for  example — there  are  always  in  clinical  ques- 
tions a  large  number  of  uncontrollable  variable  factors;  and  the  most 
accurate  method  available  can  usually  determine  only  one  of  these  factors. 
The  very  delicate  and  accurate  methods  are  usually  extremely  time- 
consuming;  and  unless  absolute  accuracy  is  essential  and  yields  important 
results,  other  easier  methods  that  are  approximately  axjcurate  may  give 
just  as  valuable  results,  without  so  much  waste  of  time.  If  the  more 
delicate  methods  are  used,  skill  and  experience  are  essential,  if  serious 
technical  errors  and  consequent  gross  clinical  errors  are  to  be  avoided; 
and  unless  one  has  such  skill  and  experience,  one  had  better  depend 
upon  simple?  methods. 

Tiet  me  first  consider  briefly  the  most  serious  of  the  questions  that  I 
shall  refer  to,  the  determination  of  the  functional  capacity  of  the 
kidneys.  The  question  of  the  separate  capacity  of  the  individual  kid- 
neys can  be  studied  only  by  securing  separately  the  ui-ine  from  each  side, 
and  this  will  be  considered  later. 

The  power  of  the  two  kidneys,  workmg  together,  to  carry  on  their 
function  properly  and  to  stand  some  extra  strain  is  quite  as  much  a  medi- 
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cal  consideration  as  a  surgical;  but  it  becomes  a  matter  of  especially 
critical  anxiety  to  the  surgeon  when  serious  operations  are  projected. 
In  this  we  are  not  at  present  to  any  noteworthy  extent  better  off  than  we 
were  before  the  more  recent  methods  had  been  devised.  We  have  known 
for  many  years  that,  while  one  may  ordinarily  draw  reasonably  accu- 
rate conclusions  from  a  study  of  albumin,  casts,  and  other  formed  ele- 
ments, and  from  general  clinical  observations  of  the  patient,  the  results 
not  infrequently  lead  one  into  error.  A  quantitative  determination  of 
various  solid  constituents  of  the  urine  has  been  widely  used,  in  order  to 
make  diagnosis  more  accurate;  but  the  results  are  little,  if  at  all,  more 
satisfactory.  As  to  albumin  and  casts,  it  is  perfectly  well  known^that 
these  may  be  nearly  or  quite  absent,  when  serious  disease  of  the  kidneys 
is  present;  and,  on  the  other  hand,  that  they  may  be  present,  and  yet 
there  may  be  no  serious  essential  disease  of  the  kidneys,  the  secondary 
effects  of  disease  situated  elsewhere  having  produced  them.  They  may 
also  be  due  to  disease  of  one  kidney,  while  the  other  is  entirely  capable 
of  carrying  on  all  the  work.  Furthermore,  albumin  and  casts  may  be 
present  to  a  more  or  less  considerable  amount,  as  the  result  of  actual  renal 
disease;  and  yet  the  kidneys  may  be  capable  of  going  through  serious 
extra  strain;  and  the  amount  may  be  no  indication  of  the  seriousness  of 
the  renal  disorder.  Very  commonly,  in  surgical  cases  which  are  associated 
with  a  toxemia  (especially,  that  is,  in  cases  in  which  there  is  absorption, 
or  general  infection,  from  local  infection  of  some  sort),  a  Uttle  albumin 
and  a  few  casts,  or  more  marked  conditions,  up  to  the  signs  of  decided 
nephritis,  may  be  found  in  the  urine,  and  may  disappear  when  surgical  inter- 
vention has  caused  recovery  from  the  primary  trouble.  In  such  instances 
the  condition  of  the  kidneys  is  evidently  due  to  irritation  or  actual  nephritis, 
as  the  case  may  be,  secondary  to  the  other  disease;  and  the  existence  of 
such  urinar>'  abnormalities  then  constitutes  an  actual  indication  for 
operation,  provided  the  circumstances  are  not  such  as  to  make  this  highly 
dangerous.  At  times,  however,  such  signs  are  due  to  grave  renal 
disease,  which  may  or  may  not  be  secondary  to  the  primary  surgical 
affection.  In  such  a  case,  any  serious  operation — particularly  if  it  in- 
volves the  urinary  tract — may  produce  dangerous  renal  failure  and  be 
more  hazardous  than  letting  the  patient  alone.  Unfortunately,  this 
same  danger  may  be  present,  even  when  the  urine  seems  to  ordinary 
tests  normal  or  nearly  so. 

The  only  rational  way  of  attempting  to  determine  whether,  in  these 
various  circumstances,  the  kidneys  are  in  a  dangerous  state  or  not  has 
been  to  search  for  the  cardiovascular  and  other  general  evidence  of  seri- 
ous chronic  renal  disease,  and  to  use  well-balanced  judgment  in  inter- 
preting the  urinary  and  other  more  general  findings.  As  a  rule,  when  a 
surgical  cause  for  renal  irritation  is  present  and  other  causes  are  absent, 
it  is  easy  to  determine  that  operation  is  indicated  unless  the  circum- 
stances in  regard  to  the  kidneys  are  pretty  desperate;  but  when  both  a 
surgical  cause  and  other  possible  causes  are  present,  the  matter  is  far 
less  simple,  and  fine  judgment  is  required  in  individual  cases. 

Among  the  other  methods  of  examining  the  urine  that  have  been 
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used  in  attempting  to  make  this  matter  clear,  I  may  mention  the  esti- 
mation of  the  amount  of  urea  excreted,  the  amount  of  chlorids,  and  the 
amounts  of  total  solids.  The  results  from  these  methods  are  httle,  if 
at  all,  more  satisfactory  than  those  from  the  common  routine  prac- 
tices; and  this  is  not  surprising.  As  to  urea,  in  the  first  place,  the 
commonly  used  method  for  estimating  this  substance, — the  hypobromite 
method  in  its  various  modifications, — ^has  an  unavoidable  error  connected 
with  its  use  that  is  so  large  as  to  make  the  method  not  far  from 
practically  valueless.  It  is  unquestionably  valueless,  unless  carried  out 
with  the  best  apparatus  and  with  great  care  as  to  details;  and  these 
conditions  are  very  rarely  met.  More  reliable  methods  require  too  much 
time  and  skill  to  be  suited  to  ordinary  clinical  work.  Granting  that 
a  more  reliable  method  be  used,  the  estimation  of  urea,  chlorids,  or  total 
solids  is  absolutely  valueless,  unless  the  amount  of  intake  in  the  food  in 
the  twenty-four  hours  is  determined,  and  unless  the  total  amount  ex- 
creted in  this  time  of  the  special  substances  being  studied  is  accurately 
determined.  Percentages  are  worthless,  as  they  vary  enormously  at 
different  times  in  the  same  person,  according  to  the  time  of  day,  and 
especially  in  relation  to  the  amount  of  food  and  of  fluid  taken  shortly 
before.  To  know  the  intake  is  essential, — for  an  apparently  poor  excre- 
tion may  be  due,  not  to  retention,  but  to  a  low  intake, — since,  even  in 
normal  persons,  the  excretion,  of  course,  varies  directly  with  the  intake. 

The  most  practicable  means  of  accomplishing  a  comparison  between 
the  intake  and  the  outgo  would  seem  to  be  a  study  of  the  nitrogen  of  the 
food  and  urine;  for,  with  a  simple  diet,  the  amount  of  nitrogen  in  the  food 
may  be  determined  accurately,  and  may  even  be  estimated  fairly  accu- 
rately from  tables  prepared  from  large  numbers  of  analyses.  Moreover, 
the  estimation  of  the  urinary  nitrogen,  while  time-consuming,  is  not 
difficult.  Even  when  the  total  nitrogen  intake  is  accurately  determined, 
however,  and  is  compared  with  the  nitrogen  excretion,  the  result  is, 
unfortunately,  of  little  diagnostic  or  prognostic  value;  for  we  have  learned, 
chiefly  through  the  work  of  von  Noorden  and  his  pupils,  that  although 
actual  severe  nephritis  may  be  present,  retention  may  be  absent  unless 
the  condition  of  the  patient  is  desperate,  or,  at  most,  periods  of  retention 
may  alternate  with  periods  of  good  excretion.  Even  though  retention 
were  present,  it  would  not  necessarily  mean  that  it  was  due  to  inability 
to  excrete  properly;  for  retention  is  frequently  purposeful  and  proper, 
in  that  it  is  intended  to  accomplish  the  rebuilding  of  tissue  that  has  been 
lost — a  process  that,  of  course,  goes  on  usually  in  persons  with  any 
disease,  w^hen  they  are  showing  temporary  or  permanent  improvement. 

We  meet,  therefore,  with  so  many  factors  that  influence  the  results 
that  the  most  difficult  quantitative  methods  of  studying  special  com- 
ponents of  the  urine  furnish  little,  if  any,  more  evidence  of  a  reliable 
sort  than  do  the  simpler  qualitative  and  microscopic  methods.  I  have 
mentioned  in  a  little  detail  some  of  the  factors  that  disturb  conclusions, 
because  I  find  that  they  are  overlooked  with  extreme  frequency  when  the 
value  of  these  methods  is  being  considered;  and  because,  also,  they  are 
equally  forcible  objections  to  some  of  the  newer  methods.    It  may,  per- 
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haps,  be  fairly  said  that  there  is  this  value  in  studying  the  chlorids: 
they  may  be  determined  accurately  by  a  comparatively  easy  method; 
and  if  the  intake  remains  much  the  same,  one  can  get  some  idea  as  to 
the  changes  in  the  excretory  power  in  the  same  case  from  time  to  time 
and  can,  therefore,  form  some  conclusion  as  to  the  progress  that  the  case 
is  making.  Such  conclusions  are  not,  however,  of  great  value,  and  must 
be  recognized  as  merely  approximate. 

Within  very  recent  years,  attempts  have  been  made  to  gain  more 
accurate  knowledge,  chiefly  in  one  of  two  ways:  (1)  by  using  more 
delicate  methods;  and  (2)  by  testing  the  capacity  of  the  kidney  (a)  to 
excrete  abnormal  substances  that  have  been  swallowed  or  injected  into 
the  tissues  or  (6)  to  excrete  increased  amounts  of  some  normal  sub- 
stances. Under  (1)  come,  more  especially,  cryoscopy  and  determina- 
tion of  the  electric  conductivity  of  the  urine.  Neither  has  added  to  our 
clinical  resources  when  we  are  studying  the  mixed  urine  from  the  two  kid- 
neys. I  may  dismiss  the  question  of  the  electric  conductivity  of  the  urine 
by  saymg  that  it  determines  simply  the  number  of  electrolytes  (that  is, 
of  salts  that  undergo  dissociation)  in  solution  in  the  urine;  that  clinical 
experience  with  the  method  has,  up  to  the  present,  shown  nothing  that 
indicates  it  to  be  even  as  useful  as  cryoscopy;  that  the  abnormalities 
so  far  found  cannot  be  definitely  interpreted;  and,  finally,  that  the  urine 
is  so  complicated  a  solution  as  to  be  probably  quite  unsuited  to  the  use 
of  this  method.  The  proper  sphere  of  the  latter  really  appears  to  be 
limited  to  simple,  or  comparatively  simple,  solutions. 

Cryoscopy,*  or  the  determination  of  the  fi-eezing-point  of  a  solution, 
is  an  exceedingly  accurate  method  of  learning  the  number  of  total  mole- 
cules in  the  solution.  There  is  no  a  priori  reason  why  cryoscopy  should 
furnish  any  more  useful  clinical  knowledge  than  that  provided  by  other 
good  methods  for  determining  similar  things,  except  that  cryoscopy  is  a 
particularly  delicate  method;  and  it  determines  the  total  amount  of  all 
the  dialyzable  molecules  present,  while  most  of  the  other  methods  that 
can  be  used  determine  the  amount  of  only  one  particular  sul>stance, 
such  as  nitrogen,  urea,  or  chlorids.  While  total-solid  determinations 
do  tell  the  entire  quantity  of  solids,  the  methods  for  the  latter  determina- 
tions are,  in  the  best  of  circumstances,  likely  to  be  inaccurate;  and,  as 
usually  carried  out,  they  are  very  inaccurate.  They,  furthermore,  in- 
clude any  albumin  present;  while  cryoscopy  does  not;  and  it  is  a  disad- 
vantage to  include  the  albumin  in  the  same  estimation,  when  one  wishes 
to  know  the  capacity  of  the  kidneys  to  excrete  the  substances  that  should 
pass  through  them. 

The  advantages  of  cryoscopy  that  I  have  mentioned  are,  however, 
of  minor  importance  when  compared  with  the  very  important  disad- 
vantages that  cryoscopy  shares  with  previously  mentioned  methods. 
The  most  serious  disaclvantage  is  that  the  results  from  cryoscopy  are, 
of  course,  mfluenced  by  the  diet  quite  as  much  as  are  the  results  from 
other  methods;  and  it  is  apparent  that  there  is  absolutely  no  way  of 
determining,  except  by  the  most  impossibly  elalx)rate  means,  exactly 
what  the  molecular  concentration  of  the  urine  should  be  in  any  particular 
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case  on  any  particular  diet.  The  nearest  that  we  can  come  to  this  is  to 
determine  in  a  very  large  number  of  normal  persons  what  the  average  result 
of  cryoscopy  is  when  a  very  carefully  regulated  diet  is  being  used;  but  the 
variations  in  individuals  are  such  that  a  comparison  of  the  result  in  any  one 
case  with  an  average  normal  would  amount  to  absolutely  nothing,  unless 
the  diflference  should  be  very  decided.  If  it  is  veiy  decided,  less  accurate 
and  less  difficult  methods  would  tell  quite  as  much.  I  have  never  been 
able  to  see  that  cryoscopy  of  the  urine,  except  as  an  accurate  means  of 
comparing  the  urines  collected  separately  from  the  two  kidneys, — and 
this  question  is  not  now  under  discussion, — can  offer  any  valuable  clini- 
cal information;  chiefly  because  of  the  reason  mentioned.  If  extensive 
studies  had  shown  that  it  does  give  such  information,  this  result  would, 
of  course,  have  to  be  accepted,  even  though  unexpected;  but  studies 
have  not  shown  useful  results,  nor  have  the  various  combinations,  such 
as  cryoscopy  and  chlorid-determinations,  demonstrated  anything  of 
importance.  In  studying  purely  physiologic  or  pathologic  questions 
these  methods  have  been  very  valuable,  but  that  is  another  matter. 

The  question  of  cryoscopy  of  the  blood  is  not  strictly  within  my 
province,  but  I  may  be  permitted  to  mention  that,  with  some  modifica- 
tions, the  objections  that  I  have  noted  to  cryoscopy  of  the  urine  apply 
to  cryoscopy  of  the  blood;  and  that  the  results  of  its  use  have  not  been 
satisfactory,  except  in  the  hands  of  its  enthusiastic  advocates. 

Testing  the  excretion  of  abnormal  substances  has,  at  first  thought, 
more  in  its  favor,  in  that  it  avoids  the  complexities  of  learning  the  intake 
of  food  and  comparing  this  with  the  outgo;  and  that  it  likewise  avoids 
some  other  variable  physiologic  and  pathologic  factors.  It  simply  puts  a 
demand  upon  the  kidneys  and  lets  one  obser\'e  how  well  they  respond  to 
this  demand.  Various  substances,  such  as  potassium  iodid,  salicylic  acid, 
etc.,  have  been  used  in  past  years  for  this  purpose;  but  at  present  this 
method  is  of  interest  chiefly  in  relation  with  methylene-blue  and  phlorizin. 
When  methylene-blue  is  injected,  it  rapidly  begins  to  appear  in  the  urine; 
and  within  a  given  period  it  is  entirely  excreted  in  normal  cases,  either  in 
the  form  of  the  dye  itself,  or  as  its  colorless  chromogen.  The  time  of 
its  appearance,  the  duration  of  its  excretion,  and  the  total  amount  that 
can  be  recovered  have  been  used  as  criteria  of  the  functionating  power 
of  the  kidneys.  There  is  no  doubt  that  the  excretion  is  likely  to  be  de- 
layed in  cases  with  bad  kidneys,  and  also  to  be  either  shortened  in  dura- 
tion or,  at  times,  abnormally  prolonged,  but  normally  rapid  excretion  may 
occur  also  in  nephritis,  and  sometimes,  indeed,  the  excretion  is  abnormally 
rapid.  I  do  not  think  that  it  is  profitable  to  say  more  here  in  regard  to 
this  method  than  that  the  results  have  been  altogether  too  uncertain  to 
permit  of  any  reliance  upon  them.  Methylene-blue  is,  however,  useful — 
as  is  indigo  carmin — as  a  means  of  determining  through  cystoscopic 
observation  the  simple  fact  that  the  urine  is  coming  from  both  ureters 
or  from  only  one;  and  in  order  to  determine,  also,  that  fistulous  tracts 
communicate  with  the  urinary  passages. 

Phlorizin  has  been  used  on  account  of  the  fact  that  after  its  injection 
the  kidneys  normally  excrete  glucose.     This  glycosuria  has  recently  come 
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to  be  generally  considered  as  the  result  of  some  alteration  in  the  renal 
epithelium  that  permits  of  the  passage  of  glucose,  which  noimally  is 
retained.  It  appears  to  me  to  be  still  quite  as  probable  that  the  glycosuria 
is  due  to  breaking  up  or  altering  combinations  in  which  the  glucose  nor- 
mally exists  in  the  blood,  the  sugar  thus  coming  to  be  wholly  or  relatively 
in  free  solution,  and  thus  passing  the  normal  kidney  easily.  However 
this  may  be,  glycosuria  does  ordmarily  appear  promptly  when  the  kidneys 
are  normal;  and  it  usually  appears  later,  and  sometimes  not  at  all,  when 
the  kidneys  are  diseased. 

This  test  seems  to  deserve  more  serious  consideration  than  those  that 
have  been  mentioned.  There  are  undoubtedly  errors  associated  with  it. 
In  cases  of  acut€  nephritis,  for  example,  the  excretion  is  often  hastened,  in- 
stead of  being  delayed.  Error  from  this  source  can  frequently  be  avoided 
to  the  extent  that  one  simply  lays  no  stress  upon  quick  excretion  when 
the  usual  signs  of  acute  nephritis  (much  albumin,  many  casts,  and  blood) 
are  present;  but  this  alone  would  exclude  some  very  important  cases 
from  the  use  of  this  test.  On  the  other  hand ,  even  the  enthusiastic  reports  of 
devotees  of  its  use — of  Kapsammer,'  for  instance — show  that  at  most  it  in- 
dicates simply  the  ability  of  the  kidneys  to  excrete  glucose;  that,  though  it 
be  positive,  grave  disease  may  be  present;  and  that  the  excretion  is  some- 
times delayed,  when  all  evidence  of  serious  disease  persistently  remains 
absent,  although  great  strain,  such  as  that  of  a  severe  operation,  is  thrown 
upon  the  kidneys.  It  is,  therefore,  by  no  means  an  absolute  test;  but 
the  results  up  to  the  present  appear  to  make  it  sufficiently  accurate  to 
render  it  desirable  for  one  to  be  cautious,  in  any  case  in  which  the  excre- 
tion of  sugar  is  delayed  or  is  slight;  while,  on  the  other  hand,  if  the 
excretion  is  prompt  and  of  good  quantity,  and  if  there  are  no  signs  of 
acute  nephritis,  the  kidneys  are  likely  to  be  healthy.  I  feel,  however, 
that  while  the  test  has  some  value,  it  should  be  used  only  when  a  con- 
clusion cannot  be  reached  in  other  ways;  for  it  is  not  unreasonable 
to  think  that  the  abnormalities  set  up  by  it  in  the  kidney  may,  at 
times,  be  harmful,  and  there  are  on  record  a  number  of  instances  in 
which  damage  was  thought  to  have  been  caused  by  the  use  of  the  test. 
These  latter  cases  are  not  wholly  convincing,  but  they  are  enough  to 
suggest  caution. 

Tests  of  the  response  of  the  kidneys  to  increased  amounts  of  nor- 
mal substances  have  been  carried  out  chiefly  with  ordinary  salt  and 
water.  The  ingestion  of  large  added  amounts  of  sodium  chlorid  within  a 
short  period  is  usually  followed  by  a  corresponding,  or  even  an  excessive, 
increase  in  excretion,  provided  the  kidneys  have  good  excretory  capacity; 
and  the  excretion  is  commonly  imperfect,  or  even  actually  reduced  below 
its  previous  point,  if  the  functionating  capacity  is  poor.  The  results  of 
this  test,  however,  in  the  hands  of  Steyrer  and  others  who  have  in- 
vestigated it  extensively,  have  been  irregular  and  uncertain;  and,  further- 
more, I  am  convinced  from  my  own  studies  that  the  test  may  have  danger- 
ous results  in  cases  that  are  already  damaged,  and  I  think  that  it  should 
be  discarded. 

The  power  of  the  kidneys  to  excrete  suddenly  increased  amounts  of 
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water,  which  has  been  investigated  by  lUyes  and  Kovesi ,  Strauss,  Albarran/ 
and  others,  seems  to  be  desen-ing  of  more  extensive  trial.  Certainly  nor- 
mal kidneys  react,  as  a  rule,  much  better  than  those  that  are  diseased. 
The  results  are  variable  and  at  times  difficult,  as  yet,  to  interpret;  and  a 
decision  as  to  the  value  of  the  test  cannot  at  present  be  reached.  While 
not  yet,  to  my  mind,  of  any  definite  clinical  value,  it  is  particularly  worthy 
of  study,  because  of  the  nature  of  the  test.  That  is,  it  purports  to  de- 
termine, not  merely  what  the  kidneys  are  doing  at  any  particular  time,  but 
what  they  are  capable  of  doing  in  response  to  an  extra  demand  of  a  normal 
character. 

So  far,  then,  as  our  power  of  determining  the  functionating  capacity 
of  the  two  kidneys  is  concerned,  I  think  that  we  must  still  rely  upon  an  ex- 
amination of  the  urine  by  means  of  the  older  and  simpler  methods,  i.  e.: 
examination  for  albumin,  casts,  and  other  formed  elements;  total  quan- 
tity in  twenty-four  hours;  and  specific  gravity.  Even  more  than  this, 
we  must  rely  upon  a  searching  history  and  general  examination  of  the 
patient,  in  order  to  discover  or  eliminate  the  distant  effects  of  renal  disease. 
The  results,  of  course,  are  not  always  reliable.  They  can,  perhaps,  in 
questionable  cases,  be  made  more  accurate  by  using  the  phlorizin  test, 
in  that  prompt  excretion  of  sugar,  provided  acute  nephritis  is  absent, 
supports  other  evidence  of  apparent  good  function;  and  delayed  or  slight 
glycosuria  increases  the  significance  of  other  abnormalities  that  may 
have  been  discovered  by  ordinary  examination  of  the  urine  or  by  general 
examination  of  the  patient.  When  the  phlorizin  test  alone  is  indicative 
of  disease  and  other  investigations  are  negative,  caution  is  demanded; 
but  this  test  alone  cannot  be  relied  upon  to  settle  the  matter  finally.  It 
appears  to  be  fairly  clear  that  if  the  results  from  the  phlorizin  test  are  to 
be  relied  upon,  the  dose  should  be  from  0.01  to  0.02  gram,  rather  than 
0.005  gram,  as  recommended  in  the  earlier  days  of  its  use. 

W^hen  we  come  to  the  question  of  detennining  the  separate  capacity 
of  the  two  kidneys,  we  have  one  great  advantage  over  a  study  of  the 
mixed  urine.  In  the  latter  we  must  contrast  our  results  with  our  concep- 
tion of  the  normal;  usually,  that  is,  with  an  average  obtained  from  various 
normal  persons.  With  the  separate  urines  we  can  at  once  contrast  the 
two  urines  from  the  same  individual,  and  usually  tell  which  is  relatively 
the  more  nearly  noraial.  When,  however,  it  is  desired  to  determine 
whether  one  or  both  are  actually  normal  or,  at  any  rate,  capable  of  carry- 
ing on  the  whole  renal  function,  we  have  very  limited  powers.  We  can 
merely  say  that  one  is  doing  better  work  than  its  fellow;  and,  beyond  this, 
must  limit  ourselves  to  the  statement  that  one  kidney  appears  to  be 
behaving  in  the  manner  that  a  normal  or  an  abnormal  kidney,  as  the  case 
may  be,  usually  behaves.  That  is,  we  have  no  absolute  criteria  on  which 
to  base  our  conclusions,  and  can  merely  contrast  the  results  with  those 
obtained  in  cases  known  to  be  normal.  We  must  recognize  that  the  tests 
we  use  for  determining  this  are  the  same  as  those  already  discussed  in  con- 
nection with  the  mixed  urine;  and  that  w^hen  it  comes  to  establishing,  not 
the  relation  of  one  kidney  to  the  other,  but  its  relation  to  the  normal,  the 
tests  have  the  same  errors  that  they  have  when  used  with  the  mixed  urme. 
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It  is,  however,  possible  in  a  large  proportion  of  cases,  as  I  have  stated, 
to  tell  by  means  of  a  combination  of  tests  how  mucli  work  one 
kidney  is  doing  as  compared  with  the  other.  This  is  a  very  decided  step  in 
advance  of  a  simple  examination  of  the  urine  from  each  kidney  for  al- 
bumin, casts,  pus,  bacteria,  etc.  The  latter  examinations  may  show  ab- 
normalities, and  in  such  instances  the  result  is  important;  but  they  may 
be  negative  when  the  kidney  is  seriously  diseased.  At  best,  they  merely 
show  that  abnormalities  are  present;  while  they  indicate  little  or  nothing 
regarding  the  work  that  either  kidney  is  doing  or  is  capable  of  doing.  Un- 
fortunately, the  best  of  the  other  tests  does  not  provide  an  absolutely 
reliable  contrast  between  the  two  kidneys.  The  more  seriously  diseased 
kidney  may  secrete  more  fluid;  it  may  even,  in  some  instances,  secrete 
more  solids  during  the  time  of  an  examination;  and  it  may,  if  acutely 
inflamed,  respond  more  quickly  to  the  phlorizin  test.  Further,  a  kidney 
may  responcl  more  favorably  to  the  test  as  compared  with  its  badly 
disordered  fellow,  and  yet  it  may  be  itself  gravely  diseased.  A  good 
illustration  of  this  is  afforded  by  a  case  reported  by  Kapsanmier,  in  which 
a  kidney  that  was  a  mere  pyonephrotic  shell  responded  well  to  the  phlori- 
zin test,  and  was  evidently  doing  most  of  the  work;  while  its  fellow, 
not  previously  known  to  be  diseased,  responded  very  poorly  to  phlorizin, 
and  evidently  did  but  little  of  the  total  excretion.  The  latter  kidney 
proved,  when  examined  pathologically  later,  to  be  the  seat  of  a  severe 
interstitial  nephritis.  Kapsanmier  uses  this  result  as  evidence  of  the 
value  of  the  test  in  discovering  the  incapacity  of  an  apparently  sound 
kidney,  in  this  instance  the  one  that  was  the  seat  of  nephritis.  It  appears 
to  me,  however,  to  be  equally  good  evidence  that  the  test  may  lead  one  to 
consider  as  sound  a  kidney  that  is  so  gravely  diseased  that  little  of  its 
structure  is  left;  provided  only  that  it  has  still  some  relatively  healthy 
epithelium,  capable  of  excreting  glucose,  as  was  the  case  with  the  pyone- 
phrotic kidney. 

There  are,  therefore,  very  evident  possibilities  of  error  that  cannot  be 
avoided;  but  all  tests  of  any  function,  whether  they  be  clinical  or  labora- 
tory tests,  have  such  p)ossibilities  associated  with  them.  I  think  that  the 
evidence  indicates  that  by  using  the  tests  that  I  have  mentioned  the  possi- 
bility of  error  is  reduced  if,  together  with  these  tests,  the  general  features 
of  the  case  are  carefully  studied.  The  contrary  views  of  Rovsing,®  Israel,* 
and  others,  who  consider  the  tests  confusing  rather  than  helpful,  are  based 
upon  their  consideration  of  uncertain  statistics,  and  are  not  convincing. 
The  results  of  those  that  have  had  extensive  experience  with  these  tests — 
Casper,  Albarran,  Kapsammer,  and  others — indicate  that  they  have  value 
in  reducing  error. 

It  does  appear,  however,  that  Rovsing  and  Israel  have  some 
right  on  their  side  in  contending  that  an  absolute  danger-line  should 
not  be  drawn  on  the  basis  of  these  tests,  operation  being  refused  if  this 
line  is  passed.  We  have,  as  has  been  stated,  no  accurate  way  of  telling 
when  any  kidney  is  normal;  or,  if  abnormal,  how  far  it  departs  from  the 
normal.  A  danger-line,  no  matter  where  drawn,  is  therefore  purely 
arbitrary;  and  we  are  not  yet  in  a  position  to  tell  by  means  of  these  t-ests 


ALBUMIN.  177 

when  the  actual  danger  is  great.  If  an  arbitrary  danger-line  is  drawn  and 
decisions  are  based  upon  approach  to  it,  the  number  of  operative  deaths 
will  undoubtedly  decrease  in  proportion  as  this  line  is  drawn  well  away 
from  certain  danger;  but  the  number  of  non-operative  deaths  will  in- 
crease in  the  same  degree.  It  is  always  a  question  of  balancing  apparent 
hazards  against  the  urgency  of  the  indications  for  operation;  not  of 
establishing  a  routine  practice. 

Of  the  tests  to  be  carried  out,  I  think  that,  following  what  is  essentially 
the  method  of  Casper  and  Richter,'  this  is  the  best  and  most  practical:  i.  e,, 
determine  the  total  amount  within  a  given  time,  the  time  being  made  as 
long  as  possible;  determine  its  concentration  by  cryoscopy,  if  skilled  in 
this  method;  and  use  the  phlorizin  test.  Unless  one  is  skilled  in  cryoscopy, 
1  think  one  had  better,  instead  of  it,  determine  the  specific  gravity  care- 
fully. As  was  said  of  the  study  of  the  mixed  urine,  the  dilution  test  will 
not  improbably  prove  of  some  decided  use;  but  it  is,  as  yet,  not  very  prac- 
tical, and  its  value  is  not  well  determined.  Elaborate  combinations  of 
tests,  such  as  those  used  by  Albarran,  cannot  be  carried  out  unless  the 
surgeon  has  available  an  unlimited  amount  of  the  time  of  a  skilful  labora- 
tory man.  Even  then,  I  question  the  advisability  of  using  so  large  a 
number  of  tests.  The  complexities  in  intrepreting  the  results,  which,  with 
the  various  methods,  are  often  more  or  less  conflicting,  are  frequently  so 
great  that  they  interfere  \\dth,  rather  than  increase,  the  accuracy  of  one's 
conclusions. 

In  regard  to  the  examination  of  the  urine  for  other  purposes,  I  can,  in 
most  particulars,  say  very  little  without  repeating  what  may  be  found  in 
any  book  dealing  with  such  matters.  There  are,  however,  some  p)oints 
that  I  feel  impelled  to  insist  upon.  The  total  quantity  of  the  urine  in 
twenty- four  hours  is  not  noted  as  commonly  as  it  should  be;  and  when 
it  is  noted,  the  result  is  very  often  misinterpreted.  In  a  case  in  which 
there  is  severe  acute  nephritis  or  a  severe  exacerbation  of  chronic  renal 
disease,  or  in  which  there  is  dropsy  from  any  cause,  a  low  amount  of  urine 
usually  indicates  poor  excretion  and  retention  of  fluid;  but  when  such 
circumstances  are  not  present,  it  usually  indicates  only  that  a  small 
amount  of  fluid  is  being  taken,  or  that  fluid  is  being  lost  through  sweating 
or  by  other  channels.  The  latter  point,  especially,  is  not  appreciated 
sufficiently  often;  and  disquiet  is  frequently  produced  by  an  oliguria 
that  would  be  at  once  explained,  if  one  should  consider  properly  the 
amount  of  fluid  taken  or  the  amount  lost  through  other  channels  than  the 
kidneys,  such  as  by  sweating  or  vomiting.  The  oliguria  that  so  commonly 
follows  operations  is  usually  due  to  these  latter  causes,  and  not  to  renal 
inadequacy. 

As  to  the  common  methods  of  examining  the  urine,  I  have  often  been 
surprised  at  the  frequency  with  which  albumin  is  overlooked,  even  by 
supposedly  competent  examiners;  and  I  have  many  times  had  occasion 
to  demonstrate  its  presence,  when  it  had  been  repeatedly  reported  to  be 
absent— for  instance,  in  cases  of  suspected  calculus.  This  is  usually  due 
to  using  poor  methods;  perhaps  quite  as  commonly,  to  using  good  methods 
poorly.     Of  the  simple  but  accurate  methods,  I  think  p)otassium  ferro- 
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cyanid  and  acetic  acid  the  simplest  and  best;  although  those  unskilled 
in  its  use  often  get  poor  results  until  they  have  become  accustomed  to  the 
correct  amounts  to  be  employed.  Boiling  the  upper  portion  of  the  urine 
in  a  pretty  well-filled  test-tube,  adding  a  few  drops  of  dilute  acetic  acid, 
heating  again,  and  comparing  the  boiled  and  unboiled  portions,  is  about 
equally  accurate  and  is  extremely  easy.  I  would  note,  also,  the  frequency 
with  which  I  have  seen  soK^alled  nucleo-albumin  confused  with  serum- 
albumin.  Its  significance  is  different,  and  it  is  important  to  determine 
how  much  of  the  reaction  is  due  to  it. 

Further,  I  have  been  greatly  impressed  with  the  frequency  with  which 
doubt  arises  in  testing  for  sugar,  owing  to  an  uncertain  reaction  to  copper 
solutions;  and  with  the  infrequency  with  which  this  question  is  settled 
by  the  simple  measure  of  using  fermentation.  In  the  same  connection, 
I  would  mention  the  not  unconmion  occurrence  of  milk-sugar  in  the  urine 
of  pregnant  or  nursing  women — a  fact  that  has  some  surgical  relations, 
and  is  frequently  overlooked.  That  the  copper  reactions  in  such  cases 
are  not  due  to  glucose  is  easily  determined  by  the  negative  results  of  fer- 
mentation with  ordinary  yeast  and  of  the  phenylhydrazin  test. 

Doubt  occasionally  arises  over  the  question  whether  blood  is  present; 
especially  when  the  amount,  at  most,  is  small  and  the  red  cells,  if  present, 
have  been  destroyed.  In  such  instances  it  is  well  to  remember  that  the 
color  of  the  urine  is  occasionally  greenish,  from  the  presence  of  reduced 
hemoglobin,  and  may  not  suggest  blood.  This  point  recently  came  up 
in  a  case  that  I  saw  with  a  surgeon,  in  which  the  color  of  the  urine  had 
led  to  much  confusion.  The  determination  whether  blood  is  present  is 
usually  made  quite  readily  by  means  of  the  hand-spectroscope  or  by 
chemical  tests  for  hemoglobin,  of  which  the  most  convenient  are  those  of 
Heller  and  Rosenthal  or  the  guaiac  test  (Schonbein-Almen).  The  source 
of  the  blood,  so  far  as  a  direct  examination  of  the  urine  in  which  it  is 
found  is  concerned,  can  be  told  only  by  the  physical  condition  in  which 
it  is  discovered.  Diffuse  mixed  blood  suggests  a  high  origin;  ureteral 
blood-casts  pretty  clearly  demonstrate  that  it  comes  from  the  ureters; 
while  larger  clots  indicate  a  low  origin.  The  association  vrith  renal 
elements,  particularly  renal  blood-casts,  is  also  indicative,  of  course,  of  a 
renal  origin.  Beyond  these  simple  points  urinary  examination  offers  little 
direct  help  and  an  instrumental  examination  is  necessary  in  order  to 
demonstrate  clearly  the  source. 

When  blood  is  present,  the  determination  whether  the  albumin  in 
the  urine  comes  entirely  from  the  blood  or  partly  from  a  coincident  ne- 
phritis is  extremely  difficult,  and  is  often  impossible.  A  search  for  casts 
and  a  general  examination  for  the  systemic  signs  of  nephritis  are  the  only 
reliable  measures.  I  have  no  confidence  in  Goldberg's  method  of  determin- 
ing this  point,  which  consists  in  counting  the  red  corpuscles  and  com- 
paring their  number  with  the  amount  of  albumin  found  by  Esbach's 
method.  The  error  inherent  in  the  latter  method,  and  especially  the 
varying  number  of  red  cells  that  may  have  been  destroyed,  together  with 
other  important  errors,  make  the  measure  of  little  value.  Comparing 
the  amounts  of  serum-albumin  and  of  serum-globulin,  which  also  has  been 
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recommended  as  a  method  of  settling  this  point,  appears  likewise  to  be 
of  little  value.  The  method,  if  accurately  done,  is  too  difficult  for  clini- 
cal use;  and  the  results  are  likely  to  be  very  uncertain.  When  blood 
is  present  and  there  are  noteworthy  numbers  of  leukocytes  also,  the  ques- 
tion whether  there  is  suppuration  in  addition  to  hemorrhage  may  be 
settled,  to  some  extent,  by  coimting  the  red  cells  and  the  leukocytes,  and 
determining  whether  or  not  there  is  a  large  excess  of  the  latter.  Unless 
the  result  is  a  very  decided  one,  however,  it  should  not  influence  one's 
conclusions. 

The  decision  as  to  whether  there  is  renal  or  subrenal  disease  is 
one  that  frequently  needs  to  be  reached;  but  it  requires,  I  think,  no  special 
discussion  here.  Examination  of  the  urine  furnishes  no  royal  road  to 
an  answer.  It  needs  to  be  settled  largely  by  a  consideration  of  the  symp- 
toms, and  by  a  general  examination  of  the  patient,  examination  of  the 
urine  helping  almost  solely  through  the  simple  measures  of  observing 
the  reaction  of  the  urine,  noting  the  relative  amounts  of  albumin  and 
nucleo-albumin  (much  of  the  latter  usually  indicating  subrenal  disease, 
though  nephritis  may  be  present  in  addition),  and  observing  the  sedi- 
ment for  casts,  pus,  or  large  amounts  of  vesical  epithelium.  I  have  no 
faith  in  any  one's  ability  to  distinguish  accurately  in  urine  the  epithelial 
cells  from  the  kidneys,  the  pelves,  the  ureters,  and  other  portions  of  the 
urinary  tract. 

It  may  be  well  to  insist  here  that  when  formed  elements  are  being 
looked  for  in  the  urine,  and  especially  when  there  is  any  bacterial  infec- 
tion along  the  urinary  tract,  the  examination  should  be  carried  out  im- 
mediately after  the  urine  is  passed.  Otherwise  the  formed  elements 
may  be  very  rapidly  and  completely  destroyed.  In  cases  in  which  bac- 
terial infection  is  present, — as,  for  instance,  in  cystitis, — this  undoubt- 
edly occurs  very  frequently,  even  when  the  urine  is  examined  at  once, 
the  formed  elements  being  digested  in  the  bladder. 

A  point  that  is  of  not  uncommon  surgical  interest  regarding  urinary 
sediments  is  the  frequency  with  which  some  of  them,  more  especially 
oxalate  crystals,  produce  severe  irritation  of  the  urinary  tract,  even 
when  calculi  are  not  found.  This  point  appears  to  me  not  to  be  insisted 
upon  sufficiently  by  most  surgical  or  other  writers.  I  have  had  repeated 
opportunity  to  see  the  temporary  presence  of  many  oxalate  crystals 
associated  with  symptoms  that  could  readily  be,  and  sometimes  were, 
mistaken  for  renal  calculus,  and  even  for  appendicitis.  This  has  espe- 
cially occurred  after  immoderate  indulgence  in  foods  containing  much 
oxalic  acid,  particularly  rhubarb,  though  frequently  due  to  other  causes. 
It  should  be  remembered  that  oxalate  deposits,  like  most  other  deposits  in 
the  urine,  are  most  frequently  dependent,  not  upon  the  presence  of  an  ex- 
cessive amount  of  these  substances,  but  upon  other  chemical  conditions  of 
the  urine  that  cause  precipitation.  Therefore  burdensome  quantitative 
estimations  of  the  amount  present  usually  tell  one  nothing  in  regard  to  the 
local  damage  that  oxalates,  uric  acid,  phosphates,  etc.,  may  be  doing.  The 
point  is  of  importance,  also,  in  that  it  shows  that  the  useful  element  in  pre- 
venting local  damage  from  such  deposits  is  usually  not  simply  measures 
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directed  toward  reducing  the  excretion  of  these  substances,  but  those  in- 
tended to  favor  their  solution  by  properly  altering  the  other  chemical  con- 
ditions of  the  urine. 

Some  further  matters  relating  to  the  chemical  examination  of  the 
urine  in  surgical  cases  need  to  be  touched  upon.  Examination  of  the 
urine  for  indican  is  of  occasional  diagnostic  value  in  doubtful  cases  of 
intestinal  obstruction.  In  this  condition,  as  is  well  known,  an  intense 
indican  reaction  occurs  as  a  rule.  This  is  ordinarily  a  matter  merely 
of  interest,  but  in  doubtful  cases  it  may  be  of  diagnostic  use.  I  recently 
saw,  for  example,  an  obscure  case  of  intestinal  obstruction  in  which  there 
was  some  question  as  to  whether  the  whole  condition  w^as  not  the  result 
of  a  nephritis  that  was  evidently  present.  A  most  intense  reaction  for 
indican  was  one  of  the  points  that  favored  intestinal  obstruction.  Oper- 
ative relief  of  the  obstruction  produced  rapid  improvement  in  the  neph- 
ritis, the  latter  proving  to  be  secondary  to  the  intestinal  condition.  An 
intense  indican  reaction  may,  however,  occur  of  course  from  complete 
stagnation  of  the  intestinal  contents  from  any  cause  (as  from  peritonitis), 
and  its  presence  does  not  indicate  the  cause  of  the  stagnation.  The  best 
method  for  indican  is  the  use  of  Obermayer's  reagent. 

The  occurrence  of  acetone,  diacetic  acid,  and  ^-oxybutyric  acid 
in  the  urine  has  recently  come  to  have  particular  surgical  interest  in  con- 
nection with  the  intoxication  that  occasionally  follows  anesthesia,  a 
condition  that  in  this  country  has  been  especially  studied  by  Brackett, 
Stone  and  Lowe,®  Brewer,  and  James  Kelly.  It  has  become  apparent 
that  this  post-anesthesial  intoxication  is  associated  with  the  presence 
in  the  urine  of  large  amounts  of  acetone,  diacetic  acid,  and  their  mother 
substance,  i^-oxy butyric  acid.  The  general  studies  of  the  subject  of 
acetonuria  have  shown  that  acetone,  as  well  as  diacetic  acid  and  p- 
oxybutyric  acid,  is  an  evidence  of  an  excess  of  acids  in  the  system;  that 
is,  these  substances  indicate  the  presence  of  a  form  of  acid  intoxication. 

Acidosis  of  this  kind  occurs  in  a  variety  of  conditions,  and  as  the 
result  of  a  variety  of  causes.  It  may  be  due  to  great  distortion  of  the 
diet,  the  chief  elements  in  producing  the  condition  in  such  cases  being 
entire  lack  or  great  reduction  of  the  carbohydrate  foods  and  the  use  of 
large  amounts  of  fats,  especially  certain  kinds  of  fats ;  the  protein  food  also 
probably  adding  to  some  extent  to  the  acid-production.  Such  instances 
are  met  with  chiefly  in  diabetes.  Acidosis  also  occurs  tis  the  result  of 
starv'ation,  in  which  condition  it  is  in  large  part,  and  perhaps  entirely, 
due  to  the  lack  of  carbohydrates,  together  with  the  tissue-destruction. 
The  condition  also  develops,  however,  in  the  course  of  numerous  other 
diseases;  and  sometimes,  when  definite  disease  is  absent,  it  appears  as 
the  chief  symptom  in  an  obscure  clinical  picture  of  unknown  cause. 
While  in  these  latter  varied  instances  the  diet  hjis  sometimes  been  such 
as  to  make  it  appear  to  have  been  at  least  a  contributing  cause  of  the 
condition,  this  is  often  not  the  case;  and  the  acidosis  is  then  imdoubtedly 
due  directly  to  some  disturbance  within  the  organism  of  the  sick  indi- 
vidual. It  has  a  particular  tendency  to  occur  in  a  marked  form  in  certain 
special  disorders,  of  which  phosphorus-poisoning,  acute  yellow  atrophy 
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of  the  liver,  uremia,  recurrent  vomiting  of  children,  and  other  gastro- 
intestinal disturbances  and  probably — from  Whitridge  Williams's  ob- 
servations— pernicious  vomiting  of  pregnane}',  are  examples.  It  has 
an  especially  strong  tendency  to  appear  in  children.  One  feature  com- 
mon to  many  of  the  disorders  in  which  it  occurs  is  tissue-destruction, 
particularly  severe  lesions  of  the  liver;  and  this  is  probably  in  some  way 
the  direct  basis  of  the  acid  intoxication. 

The  intoxication  following  anesthesia  exhibits  the  evidences  of  acid 
intoxication,  and  the  cases  also  show — at  times,  at  least — hepatic  lesions. 
It  is  probable,  as  Alonzo  Taylor*  believes,  that  these  cases  are  due  to 
what  may  be  called  a  ferment  intoxication.  Many  of  the  lesions  in  phos- 
phorus-poisoning and  acute  yellow  atrophy  are  known  to  be  due  to  ab- 
normal activities  of  the  tissue-ferments.  The  acid  intoxication  is  in 
such  disorders  a  secondary  matter,  therefore;  although  it  almost 
certainly  intensifies  the  symptoms,  and  perhaps  intensifies  the  original 
trouble  also;  for  the  activity  of  the  autolytic  tissue-ferments  is  favored 
by  acids,  as  mdicated  by  the  work  of  Hedon  and  Rowland  and  others. 
The  discovery  of  the  acid  intoxication  and  its  treatment  with  alkali  will, 
in  some  cases,  cause  improvement.  The  effects  in  post-anesthesial 
intoxication  have  not,  so  far  as  the  treatment  has  been  tried,  proved 
satisfactory,  and  the  chief  result  of  discovery  of  the  nature  of  the  intoxi- 
cation in  this  condition  is  at  present,  therefore,  merely  the  important 
result  of  demonstrating  the  general  character  of  the  trouble  in  cases  that 
develop  these  symptoms  after  anesthesia,  and  providing  thereby  an  in- 
dication for  eliminative  measures. 

The  methods  available  to  demonstrate  acid  intoxication  by  examina- 
tion of  the  urine  are  a  search  for  acetone  and  diacetic  acid;  and,  if  one 
has  time  and  skill,  an  estimation  of  the  ammonia  of  the  urine  and  a 
demonstration  of  the  presence  of  ^ff-oxybutyric  acid.  In  testing  for 
acetone  and  diacetic  acid  the  urine  itself  may  be  used  at  firet ;  and  if  the 
result  is  negative,  this  suffices.  If,  however,  the  result  is  positive,  the 
test  should  be  tried  again  with  the  distillate.  If  this  is  done,  I  think  that 
Gunning's  or  the  sodium  nitroprusside  and  the  ferric  chlorid  tests  are 
sufficiently  reliable  for  clinical  purposes.  Errors  are  associated  with  their 
use;  but  they  are  reasonably  reliable,  if  the  distillate  is  used;  and 
thoroughly  reliable  tests  are,  as  a  rule,  impossible  for  the  clinician  to 
carry  out. 

Finally,  I  need  to  mention  the  tests  of  the  urine  for  pancreatic 
disease.  A  number  of  these  have  been  described,  but  only  a  few  need 
discussion  at  present.  I  would  say,  first,  that  a  test  that  I  have  myself 
previously  stated  to  be  promising,  the  estimation  of  the  ethereal  sul- 
phates, is,  I  am  now  convinced,  so  uncertain  in  its  results,  when  used  for 
this  purpose,  as  to  he  practically  valueless.  ^luch  interest  has  been 
taken  in  Cammidge^s  test  (see  Vol.  Ill,  p.  1042),  and  by  some  persons  much 
reliance  has  l>een  placed  upon  it.  The  clinical  results  with  it  have  been 
entirely  unreliable  in  the  hands  of  most  skilful  men.  I  believe  that  it  has 
no  clinical  importance,  but  this  is  not  yet  fully  settled.  The  search  for  a 
fat-splitting  ferment  in  the  urine  in  cases  of  obstmction  to  the  flow  of  the 
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pancreatic  juice,  and  particularly  in  acute  pancreatitis,  is  rational  in  itself, 
and  at  present  is  perhaps  deserving  of  more  favorable  consideration  than 
any  other  special  test  we  now  have.  The  reported  results  from  the  use  of 
Opie's  ethylbuiyraie  test  for  this  puipose  have,  however,  been  too  few  and 
too  closely  confined  to  cases  suspected  of  pancreatic  disease  to  permit  of 
a  rational  recommendation  of  the  test.  It  is  certain  that  a  negative 
result  does  not  demonstrate  the  absence  of  pancreatic  disease,  even  of 
acute  pancreatitis.  Whether  a  positive  result  is  of  any  use  as  an  indica- 
tion of  pancreatic  disease  cannot  as  yet  be  stated.  For  my  own  part, 
I  must  regretfully  say  that  I  place  no  reliance  upon  it.  Before  this  test 
was  described,  1  spent  some  time  in  attempting  to  perfect  a  similar  test 
with  the  same  objects;  but  I  cast  it  aside,  because  1  became  convinced 
that  the  substances  used  in  such  tests  for  the  ferment  to  act  upon  are 
so  unstable  that  error  is  always  likely  to  arise  from  this  cause,  and  also 
because  we  have  no  justification  for  saying  that  a  substance  that  will 
split  the  fat  compounds  used  for  this  purpose  is  the  pancreatic  fat-splitting 
ferment.  These  objections  hold  against  the  ethyl-butyrate  test;  and 
unless  a  large  mass  of  evidence  had  been  accumulated  in  its  favor,  they 
would  make  me  distrust  the  results  from  it.  This  evidence  has  not  yet 
been  accumulated. 

I  think  that  all  urinary  tests  combined  have  little  value  m  suspected 
pancreatic  disease,  as  contrasted  with  careful  clinical  consideration  of 
the  cases.  The  only  test  that  appears  to  me  to  have  any  real  value  is 
that  for  glycosuria,  and  this  is  in  very  many  cases  negative.  If  positive, 
however,  especially  if  there  are  also  certain  fecal  abnormalities  present, 
the  result  adds  decidedly  to  the  evidence  in  any  such  cases. 
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CHAPTER  LVI. 

SURGERY  OF  THE  KIDNEY.  THE  URETER,  AND  THE 
SUPRARENAL  GLAND. 

By  Joseph  Ransohoff,  M.D.,  F.R.C.S.  Eng., 

CINCINNATIr  OHIO. 

topcx;raphic  anatomy. 

The  kidneys,  two  in  number,  are  deeply  seated  in  the  abdominal 
cavity  in  close  relation  to  its  posterior  wall.  They  lie  in  niches  on  each 
side  of  the  vertebral  column,  resting  upon  the  anterior  surfaces  of  the 
quadratus  lumborum,  the  anterior  layer  of  the  lumbar  fascia  being  be- 
tween them.  The  upper  end  of  each  gland  rests  upon  the  corresponding 
pillar  and  the  costal  attachments  of  the  diaphragm.  The  latter  sepa- 
rates the  left  gland  from  the  eleventh  and  twelfth  ribs,  and  the  right 
from  the  twelfth  alone.  The  pleura  above  extends  ordinarily  down  to 
the  twelfth  rib.  Even  when  this  is  absent  or  rudimentary  the  pleura 
reaches  to  the  last  dorsal  vertebra.  The  lower  end  of  the  kidney  rests 
slightly  upon  the  anterior  surface  of  the  psoas  muscle,  its  lower  pole  being 
on  a  level  with  the  third  lumbar  spine.  In  addition  to  a  very  considera- 
ble layer  of  loose  areolar  tissue  containing  a  great  deal  of  fat  (tunica  adi- 
posa)  which  surrounds  the  kidney,  there  is  posterior  to  this  a  well-marked 
fascia  known  as  the  retrorenal  fascia,  of  considerable  firmness.  The  outer 
layer  of  fat  has  been  called  the  pararenal  fat  layer.  Attention  was  first 
called  to  this  double  arrangement  of  the  fat  layers  about  the  kidney  by 
Zuckerkandl,  and  Gerota  completed  its  study.  Its  importance  is  shown 
in  describing  the  lumbar  operation  later.  According  to  the  latter,  the 
"  prerenal  and  retrorenal  layers  are  formed  by  the  splitting  of  the  subperi- 
toneal fascia  of  the  abdominal  wall  at  the  outer  border  of  the  kidney." 

The  retrorenal  layer  passes  inward  between  the  perirenal  fat  in  front, 
and  the  fascia  covering  the  anterior  surfaces  of  the  quadratus  lumborum 
muscle  and  its  aponeurosis  and  the  psoas  magnus  muscle  behind.  At  the 
inner  border  oif  the  psoas  magnus  it  blends  with  the  fascia  covering  the 
bodies  of  the  lumbar  vertebras  and  the  intervertebral  disks. 

The  anterior  or  prerenal  layer  passes  in  front  of  the  perirenal  fat  be- 
tween it  and  the  peritonemn,  and  is  continued  inward  just  in  front  of  the 
renal  vessels,  aorta,  and  vena  cava  to  join  the  corresponding  layer  of  the 
other  side.  Both  the  anterior  and  posterior  layers  are  attached  to  the 
kidney  capsule  by  fine  fibrous  bands,  which  pass  through  the  perirenal 
fat,  but  the  fascias  as  such  have  no  direct  attachment  to  the  kidney. 
The  retrorenal  layer  extends  upward  in  front  of  the  diaphragm  and  be- 
hind the  kidney  and  suprarenal  capsule,  at  the  upper  border  of  which 
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it  is  joined  by  the  prerenal  layer  from  in  front,  the  two  becoming  lost  on 
the  diaphragm.  Below  the  kidney  the  two  layers  approach  each  other 
but  do  not  actually  join,  and,  becoming  thinner  and  thinner,  are  lost  in 
the  loose  areolar  tissue  of  the  iliac  fossa. 

Beneath  the  two  layers  and  crossing  the  posterior  surface  of  the  kidney 
obliquely  from  above  downward  and  outward  are  the  anterior  branches 


Fig.  111. — Kidney  Exposed  from  Behind  (Bardeleben). 

of  the  last  dorsal,  the  iliohypogastric,  and  the  ilio-inguinal  nerves. 
These  relations  account  for  the  reflex  pains  in  the  groin  and  the  scrotum 
in  various  forms  of  renal  disease,  for  the  contraction  of  the  cremaster 
muscle,  and  the  occasional  development  of  herpes  in  or  after  renal  seizures. 
Although  the  lower  half  of  the  kidney  projects  into  the  costo-iliac 
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interval,  unless  considerably  enlarged  by  disease  or  by  reason  of  involve- 
ment of  the  retrorenal  fat,  a  fullness  in  this  region  is  not  observed.  In 
the  same  way  absence  of  the  kidney  does  not  produce  a  sensible  depres- 
sion. The  relation  of  the  kidney  to  the  last  rib,  and  further  within  to 
the  spinal  transverse  process,  explains  some  extensive  wounds  of  the 
kidney  that  have  almost  the  appearance  of  contused  and  incised  wounds 
as  seen  in  other  soft  parts. 

Anteriorly  the  right  kidney  is  in  relation  from  above  downward  with 
the  postero-inferior  surface  of  the  liver,  the  descending  duodenum,  and 
the  ascending  colon.  Quite  to  the  inner  side  is  the  common  bile-duct, 
away  from  any  possible  pressure  from  even  great  enlargements  of  the 
kidney.  Enlargements  of  the  latter  by  traction  on  the  duodenum  do  at 
times  give  rise  to  jaundice  by  displacing  the  end  of  the  common  bile-duct. 
In  the  same  way  the  loosening  of  the  kidney  from  its  moorings  through 
its  relations  to  the  duodenum  explains  a  set  of  phenomena  that  constitute 
the  so-called  renal  crises,  and  it  often  gives  the  first  impetus  to  gastropto- 
sis.  The  relationship  to  the  colon  in  the  same  way  has  an  important 
bearing  on  the  pathology  of  the  vermiform  appendix. 

The  left  kidney  has  in  front  of  it  the  fundus  of  the  stomach,  the  lower 
margin  of  the  spleen,  the  end  of  the  pancreas,  and  the  upper  portion  of 
the  descending  colon.  Between  the  kidney  and  the  parietal  peritoneum 
run  the  blood-vessels  and  nerv^es  to  the  inner  margins  of  the  respective 
segments  of  the  colon.  A  careless  division  of  this  or  protracted  pressure, 
as  from  packing  after  an  operation,  has  been  known  to  produce  fatal 
intestinal  obstruction  from  paresis  of  the  intestinal  muscularis,  or  even 
complete  gangrene.  In  renal  enlargements  the  colon  either  retains  its 
particular  course  in  front  of  the  kidney,  giving  a  median  or  lateral  area 
of  dullness  separated  from  each  other  by  a  band  of  resonance,  or  the  colon 
is  deflected  inwardly,  leaving  a  continuous  area  of  dullness  as  far  as  the 
midline  posteriorly. 

Loosely  placed  in  front  of  both  kidneys  are  the  coils  of  the  small 
intestines,  the  mobility  of  which  is  such  that  when  the  left  or  right  pos- 
ture is  assumed  the  lower  end  of  the  left  or  right  kidney  can  often  be  pal- 
pated through  the  abdominal  wall  if  it  be  thin  and  if  the  costo-iliac  in- 
terval is  large. 

The  kidney  is  closely  surrounded  by  a  strong  fibrous  capsule,  which, 
although  connected  with  the  connective-tissue  framework  of  the  interior, 
is  easily  stripped  from  the  surface.  Slight  bleeding  follows  such  detach- 
ment. When  deprived  of  its  capsule  over  any  considerable  area,  new 
adhesions  form  and  the  surface  of  the  kidney  where  denuded  assumes  a 
roughly  granular  aspect,  simulating  cirrhosis  of  the  kidney.  The  changes 
are  very  superficial,  however,  and  do  not  extend  below  the  subcapsular 
cortical  zone  of  the  gland,  which  in  the  normal  condition  contains  no 
glomeruli.  This  capsule  yields  to  gradual  pressure  from  within.  Sud- 
den distention,  as  would  result  from  acute  obstruction  of  the  ureter,  or 
more  rarely  from  the  increase  of  blood-pressure  in  acute  nephritis,  is 
associated  with  great  pain. 

The  hilum  of  the  kidney,  with  the  blood-vessels  above  and  the  pelvis 
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of  the  ureter  below,  lies  on  a  level  with  the  first  lumbar  vertebra.  Owing 
to  the  positions  of  the  aorta  and  the  ascending  cava,  the  artery  is  longer 
and  the  vein  is  shorter  on  the  right  side  than  on  the  left.  The  shortness 
of  the  right  vein  calls  for  particularly  careful  manipulation  in  removing 
the  right  kidney.  The  vena  cava  has  repeatedly  been  torn.  It  also 
explains  the  greater  frequency  of  neoplastic  thrombosis  of  the  vena  cava 
in  sarcomata  of  the  right  kidney.  This  vein  is  so  short  that  the  vena 
cava  borders  on  the  ureteral  pelvis. 

Each  renal  artery  divides  before  reaching  the  hilum  of  the  kidney 
into  a  primary  ventral  and  dorsal  branch,  which  sink  into  the  sinus  behind 


Fio.  112. — Skiagraph  or  Injected  Kidnet,  with  Wire  in  Ureter  (Lamge). 

the  corresponding  branches  of  the  renal  vein.  Each  of  these  gives  off 
about  five  branches.  As  long  ago  as  1869,  Hyrtl  demonstrated  by 
corrosion  preparations  that  these  anterior  and  posterior  branches  do  not 
anastomose  extensively.  Wm.  Keiller,  Byron  Robinson,  and  Max 
Brodel  have  made  similar  observations.  In  reality  the  kidney  is  naturally 
divisible  into  anterior  and  posterior  segments  or  blades,  the  posterior 
the  smaller,  the  blood-supply  of  each  being  independent  of  that  of  the 
other,  after  the  vessels  supplying  them  have  been  given  off  from  the  main 
branches  of  the  renal  artery.  Between  the  two  is  the  exsanguinated 
renal  zone  of  Hyrtl.  Along  the  convexity  of  the  gland,  therefore,  the 
longitudinal  section  made  nearer  the  posterior  surface  would  be  the  least 


TOPOGRAPHIC  ANATOMY. 


187 


likely  to  wound  a  large   vessel.    This  line  would  correspond  almost  to 
the  so-called  Brodel  line  of  Howard  A.  Kelly  (Fig.  113). 

The  left  renal  vein  is  joined  by  the  spermatic  vein  of  the  same  side. 
A  sudden  onset  of  varicocele  at  an  age  when  the  disease  is  uncommon 
calls,  therefore,  for  an  examination  of  the  kidney. 

The  renal  pelvis,  as  seen  in  illustration,  divides  into  two  large  branches 
for  the  upper  and  lower  poles  respectively.  Through  two  incisions  near 
the  poles  along  the  convexity  the 
separated  calices  and  the  common 
pelvis  of  the  kidney  can  be  as  method- 
ically explored  with  the  finger  as  can 
be  the  finger  of  a  glove.  The  normal 
branching  of  the  pelvis  often  gives 
form  to  the  stone  found  within  it. 

The  ureter,  about  twelve  inches 
long,  beginning  opposite  the  lower 
pole  of  the  kidney,  and  about  the  size 
of  a  quill,  passes  downward  and 
inward  immediately  behind  the  peri- 
toneum to  the  brim  of  the  pelvis. 
It  is  more  intimately  connected  with 
the  peritoneum  than  with  the  struc- 
tures on  which  it  rests,  and  in  reflect- 
ing the  former  during  operations  the 
ureter  usually  adheres  to  it.  As  it 
crosses  the  brim  of  the  pelvis  the  ure- 
ter is  to  the  inner  side,  but  near  the 
attachment  of  the  appendix.  Pres- 
sure at  this  point  in  renal  attacks 
gives  rise  to  point  tenderness,  which 
might  easily  be  mistaken  for  the 
tenderness  of  an  inflamed  appendix. 

The  pelvic  portion  of  the  ureter 
runs  in  front  of  the  sacro-iliac  joint 
above  the  obturator  intemus  and  its 
fascia,  then  leaves  the  pelvic  wall  to 
join  the  bladder.  In  the  female  it 
runs  parallel  with  and  a  half  inch 
or  less  from  the  uterine  cervix,  and 
after  crossing  the  upper  third  of  the 
vagina  pierces  the  bladder  opposite 
the  middle  of  the  vagina.  A  stone  embedded  in  the  lowest  segment  of 
the  ureter  can  often  be  felt  and  removed  through  the  vagina.  Although 
seemingly  of  imiform  diameter,  the  ureter  presents  three  constant  con- 
strictions. The  proximal  is  adjacent  to  the  lower  pole.  The  middle  con- 
striction is  located  where  the  ureter  crosses  the  iliac  vessels.  The  third 
constriction  is  at  the  lower  ureteral  orifice.  The  duct  is  narrowest  at  this 
point,  where  the  circular  fibei*s  form  a  sphincter.    Between  these  isthmuses 


Fig.  113. — Lkft  Kidnet,  Latkral  Lonui- 
TUDiNAL  Border  (Byron  Rubinson). 
a,  b,  Ekiuatorial  line  of  lateral  lon^- 
tudinal  renal  border;  d,  dorsal  surface;  r, 
ventral  surface;  h,  h,  h,  indicate  Hyrtl's  ex- 
sanguinated renal  cone,  or  the  elective  line  of 
renal  incision,  located  one-half  inch  dorsal  to 
the  lateral  longitudinal  renal  border. 
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are  dilatations  or  reserv^oirs  (Byron  Robinson).  As  Englemann  showed 
thirty  years  ago,  this  sphincter  is  overcome  by  the  rhythmic  contraction 
of  the  ureter,  in  consequence  of  which  a  whirl  of  urine  is  forced  into  the 
bladder  about  every  fourteen  to  twenty  seconds.  The  loose  connective 
tissue  in  which  the  ureter  is  embedded  from  end  to  end  is  rich  in  lymphatic 
vessels,  which  are  significant  in  accounting  for  the  ascending  course  of 
tuberculosis  primarily  seated  in  the  genitalia  of  the  male.  The  sensibility 
of  the  ureter  is  of  a  low  grade.  Smooth  foreign  bodies  like  a  catheter  are 
tolerated  without  causing  great  pain.  Obstruction  suddenly  induced  is 
associated  with  intense  suffering,  the  result  of  distention  of  the  capsule 
proper  of  the  kidney. 

MEANS  AND  METHODS  FOR  EXAMINATION. 

The  clinical  methods  for  examination  of  the  kidney  for  surgical  piu*- 
poses  include,  first,  inspection;  second,  palpation  and  percussion;  third, 
examination  of  the  urine  as  a  whole  and  of  the  separated  urines;  fourth, 
cystoscopic  examination;  fifth,  ureteral  catheterization;  sixth,  the  seg- 
regation of  the  urines;  seventh,  cryoscopy;  eighth,  exploratory  inci- 
sion; and  ninth,  x-ray  examination. 

Inspection  jper  se  is,  as  a  rule,  of  little  value.  When  from  some 
cause  the  kidney  is  considerably  enlarged,  or  the  retrorenal  fat  layer  is 
involved  in  a  suppurative  process,  a  fullness  of  the  loin  is  discerned  by 
the  trained  eye.  Only  very  large  timiors  cause  an  outward  bulging  of 
the  lower  ribs,  as  in  empyema  or  enlargement  of  the  liver  and  spleen. 
Although  the  latter,  like  renal  growths,  grow  toward  the  anterior  ab- 
dominal wall,  they  rarely  project  toward  the  loin. 

Palpation. — This  is  the  most  valuable  single  method  of  recogniz- 
ing an  enlargement  of  the  kidney,  irrespective  of  its  nature.  While  the 
normal  kidney  can  often  be  palpated,  every  moderate  enlargement  is 
accessible  to  the  trained  touch.  The  examination  should  always  be  bi- 
manual, and  the  position  of  the  patient  the  dorsal  recumbent,  the  lateral, 
or  the  reclining.  Whatever  the  posture  of  the  patient,  the  fingers  of  one 
hand  are  placed  gently  on  the  loin  just  below  the  last  rib,  and  those  of 
the  other  above  the  front  of  the  abdomen  a  little  above  the  line  of  the 
navel.  If  gentle  efforts  be  made  to  approximate  the  finger-tips,  the  kid- 
ney, if  at  all  enlarged,  can  be  felt  between  them.  If  the  patient  takes  a 
deep  inspiration,  the  kidney  can  be  forced  between  the  examining  fingers. 
In  difficult  cases  the  pressure  should  be  continued  for  some  time,  that 
of  the  hand  in  front  being  directed  upward  and  slightly  outward.  In 
patients  in  whom  the  muscular  reflexes  could  not  be  otherwise  overcome,  I 
have  found  general  narcosis  a  most  valuable  aid. 

To  elicit  such  point  tenderness  as  is  produced  by  a  stone  or  a  tubercu- 
lous focus,  palpation  with  the  thumb  along  the  last  rib  from  within  out- 
ward and  simultaneously  on  the  two  sides  has  been  of  great  service  to  me. 

Palpation  enlightens  us  as  to  the  size,  position,  and  sensitiveness  of 
the  kidney.  While  the  normal  gland  at  times  responds  to  pressure  with  a 
peculiar  feeling  akin  to  the  testicular  sense,  palpation  elicits  pain  w^hen  it 
harbors  a  stone,  a  pus  focus,  and  to  a  less  extent  a  tumor. 
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The  only  organ  which  by  palpation  could  be  mistaken  for  a  kidney  is 
the  gall-bladder  loosely  joined  to  the  liver  and  greatly  distended.  I 
know  of  one  such  case  opened  through  the  loin  and  emptied  of  its 
contents,  including  a  number  of  gall-stones.     It  was  the  only  case  in 


Fia.  114. — Palpation  of  the  Kidnky.     Patilnt  in  the  Lateral  Position. 

which  I  believed  at  the  time  that  I  had  seen  the  ballotemerU  renal  of 
Guyon. 

Percussion  is  of  value,  and  then  only  relative,  when  the  kidney  is 


Fig.  115. — Palpation  of  the  Kidney.     Patient  in  Dorsal  Recumbent  Powtion. 


enlarged  twofold  or  threefold.  If  then  the  colon  is  distended,  it  can  be 
outlined  by  percussion  in  front  of  and  internal  to  the  tumor.  Enlarge- 
ments of  the  spleen  and  of  the  liver  do  not  present  this  relation  to  the 
large  intestine. 
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Retroperitoneal  growths  springing  from  the  lymph-nodes  or  non-pul- 
sating ruptured  aneurisms  of  the  aorta  may  have  the  anatomic  relations 
of  renal  tumors  and  cannot  be  distinguished  from  them  except  by  other 
clinical  symptoms  or  by  exploratory  operation. 

Examination  of  the  Urine. — Surgical  affections  of  the  kidney 
sooner  or  later  show  changes  in  the  urine,  either  in  quantity  or  quality 
or  both.  To  discover  them  repeated  examinations  at  varying  intervals 
must  be  made.  The  frequency  of  micturition  must  also  be  considered, 
for  great  increase  thereof  (thamuria)  is  often  associated  with  renal  dis- 
eases, especially  tuberculosis.  The  frequency  due  to  excessive  quantity 
must  again  be  distinguished  from  that  of  irritation.  Whereas  the  latter 
may  be  of  renal  origin,  it  is  much  ijiore  likely  to  be  vesical  in  character. 

Oliguria  and  anuria  are  generally  associated  with  serious  and  partic- 
ularly acute  ascending  infective  processes.    They  are  also  present  in  unilat- 


Fio.  116. — Comparative  Examination  of  both  Kidnets. 

eral  retention,  as  from  an  impacted  stone  or  twist  of  the  ureter,  and  after 
nephrectomy  until  compensation  of  the  kidney  is  established.  The 
decreased  excretion  is  largely  a  reflex  manifestation  on  the  part  of  the 
kidney  not  primarily  affected.  Experimental  tying  off  of  one  ureter  in 
animals  is  invariably  fatal.  The  reduction  of  the  quantity  of-  urine  ex- 
creted may  be  progressive  and  terminate  in  complete  suppression.  This 
condition  may  continue  for  twenty-four  or  forty-eight  hours  or  even 
longer  without  producing  toxic  symptoms.  After  the  third  or  fourth 
day  uremia  develops  and  death,  as  a  rule,  follows  by  the  end  of  a  week. 
In  the  celebrated  case  of  Polk  death  resulted  after  eleven  days  of  complete 
anuria  following  the  removal  of  a  solitary  kidney. 

Polyuria. — This  is  generally  observed  with  increased  frequency.  It 
is  often  seen  in  chronic  surgical  affections  of  the  kidney.  It  often  indi- 
cates the  presence  of  intei-stitial  changes  added  to  the  grosser  ones,  as 
in  chronic  nephrolithiasis.     It  is  quite  common  in  infected  lesions  of  the 
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pelvis,  as  in  post-typhoid  pyelitis.  It  may  also  result  from  backward 
pressure  of  prostatic  disease.  In  primary  renal  tuberculosis  it  is  very 
common. 

Changes  in  the  composition  of  urine  due  to  the  presence  of  abnormal 
constituents  can  practically  always  be  found  in  surgical  affections  of  the 
kidney.  That  does  not  include  albumin,  sugar,  or  urinary  casts,  since,  as 
has  ali*eady  been  stated,  interstitial  changes  often  follow  in  the  wake  of 
surgical  conditions.  Nor  ought  more  than  allusion  be  made  here  to  the 
various  crystals,  amorphous  salts,  epithelia,  and  micro-organisms  that 
miJst  be  searched  for  in  every  urinalysis.  Blood  and  pus  are  the  constit- 
uents of  urine  oftenest  found  in  surgical  diseases  of  the  kidney  and  ureter. 
To  determine  their  origin  is  of  prime  importance. 

Hematuria  varies  in  degree  within  very  wide  limits.  As  will  be  seen 
later  in  considering  individual  diseases,  the  blood  contained  in  the  urine 
may  be  so  slight  as  to  leave  the  urine  entirely  clear  and  limpid.  This  is 
often  true  of  stone  in  the  kidney.  The  microscope  will  reveal  a  few  cells, 
almost  colorless — little  more  than  shadows.  In  profuse  bleeding  the  urine 
presents  a  smoky  appearance  and  a  brownish  sediment  on  standing. 
This  sediment  must  not  be  mistaken  for  that  of  hemoglobinuria,  which 
consists  of  amoi'phous  brownish,  granular  pigment  masses,  arranged  at 
times  in  irregular  clumps  or  cylindric  figures,  and  containing  few  if  any 
red  blood-cells.  Hemoglobinuiia  is  not  associated  with  surgical  diseases 
of  the  kidney.  Clots,  often  expressed  with  colic,  may  be  found  when  the 
bleeding  is  very  profuse,  as  from  severe  laceration  of  the  kidney  or  in 
cases  of  sarcoma  growing  into  the  pelvis.  The  form  of  the  clot  as  molded 
by  the  ureter,  particularly  if  it  has  been  partly  decolorized  by  prolonged 
retention  therein,  has  considerable  diagnostic  value.  In  a  general  way  it 
may  here  be  stated  that  the  severity  of  the  hematuria  increases  in  the 
diseases  in  the  order  named:  stone,  tuberculosis,  essential  hematuria, 
trauma,  and  neoplasm.  The  onset  of  the  hematuria  is  often  significant 
of  its  cause.  If  it  follows  a  renal  colic  or  violent  exercise  and  disappears 
with  rest,  it  speaks  for  stone.  If  associated  with  pyuria  or  dysuria,  it 
points  to  tuberculosis.  If  it  occurs  suddenly  and  is  very  profuse,  it 
indicates  the  presence  of  a  tumor.  As  a  symptom  of  chronic  nephritis 
hematuria  is  not  rare. 

It  sometimes  is  difficult  to  determine  the  origin  of  the  hematuria  in 
the  absence  of  other  clinical  symptoms.  If,  after  having  thoroughly 
washed  out  the  bladder,  nearly  pure  blood  escapes  i^ith  the  last  of  the 
water  injected,  the  bleeding  is  probably  of  vesical  origin.  Sudden  cessa- 
tion of  bleeding  with  as  sudden  return  speaks  for  the  renal  origin  of  the 
blood.  If  the  blood-corpuscles  are  very  pale  or  crenated,  or  more  or  less 
fragmentary,  it  is  almost  certain  that  they  come  from  the  kidney.  This 
breaking  up  of  the  corpuscles  is  due,  as  Gumprecht  has  sho^n,  to  the 
prolonged  action  on  them  of  urea.  If  the  urine  is  smoky  or  of  uniform 
color  when  passed,  the  kidney  is  probably  at  fault.  But  clots  formed  in 
the  kidney  may  be  passed  at  the  end  of  micturition,  as  are  those  formed 
in  the  bladder.  In  many  cases  a  cystoscopic  examination  is  necessary 
to  determine  the  source  of  the  bleeding. 
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Pyuria. — ^This  is  easily  recognized  by  the  cloudy  appearance  of  the 
urine  and  the  yellowish  deposit  when  sedimented.  This  may  be  so  slight 
as  to  be  demonstrable  only  by  the  centrifugal  machine.  Bacteriuria 
must  not  be  mistaken  for  pyuria;  the  appearances  of  the  urine  are  very 
much  alike.  As  in  hematuria,  it  may  be  difficult  to  determine  the  source 
of  the  pus.  The  view  formerly  entertained  that  acid  urine  containing  pus 
is  of  renal  origin  is  no  longer  tenable.  Pyuria  of  vesical  origin  shows  an 
acid  urine  until  retention  causes  its  decomposition  within  the  bladder. 
Of  very  great  value  is  the  obserx-^ation  of  Senator  that  a  preponderance 
in  the  sediment  of  mononuclear  cells  bespeaks  the  renal  origin  of  pus. 
Long  ago  Thompson  suggested  that  in  doubtful  cases  the  bladder  be 
flushed  with  water  until  this  returns  perfectly  clear;  the  catheter  is  then 
clamped  for  ten  minutes.  If  the  urine  then  escaping  is  cloudy,  the  pyuria 
is  of  renal  origin.  Systematic  pressure  on  the  kidney  may  increase  the 
turbidity. 

Characteristic  of  renal  pyuria  is  the  rapid  or  sudden  disappearance  of 
the  pus  with  marked  aggravation  of  symptoms.  The  passing  of  urine, 
normal  in  quantity,  then  establishes  the  integrity  of  the  other  kidney. 
Unfortunately,  this  combination  of  symptoms  is  not  often  encountered. 

Cystoscopic  Examination.— In  all  obscure  surgical  affections 
of  the  kidney,  and  invariably  before  the  removal  of  a  kidney  is  to  be 
done,  a  cystoscopic  examination  should  be  made.  By  means  of  it  we 
can,  with  few  exceptions,  determine  whether  the  bladder  or  the  kidney 
is  the  seat  of  the  disease.  The  exceptions  are  cases  in  which,  as  in  ad- 
vanced tuberculosis  or  from  previous  maltreatment  based  on  faulty 
diagnosis,  the  bladder  as  well  as  the  kidney  is  involved.  When  the  for- 
mer is  much  contracted,  whatever  the  cause,  a  cystoscopic  examination  is 
contraindicated  and  may  do  considerable  harm.  This  examination  in  a 
relatively  healthy  bladder  will  reveal  the  condition  of  the  ureteral  orifices 
and  in  most  cases  permit  the  direct  observation  of  the  whirl  of  urine 
rhythmically  ejected  from  each  kidney.  A  little  blood-clot  or  a  flake 
of  pus  is  not  infrequently  observed  in  the  ureteral  orifices  and  at  once 
helps  in  doubtful  cases  to  fix  the  site  of  the  lesion.  Hurry  Fenwick  has 
called  attention  to  the  value  of  ureteral  meatoscopy  in  the  diagnosis  of 
renal  disease.  If  the  orifice  of  the  ureter  appears  considerably  elongated, 
it  speaks  for  some  dilatation  of  the  kidney,  whether  from  blood,  pus,  or 
urine.  A  golf-holed  orifice  is  often  seen  in  tuberculosis,  unless  there  have 
been  repeated  renal  colics,  when  a  conical  protrusion  of  the  mucosa  is 
seen,  such  as  is  common  in  kidney  stone.  The  appearance  of  the  mucosa 
just  below  the  ureteral  orifice  often  shows  the  effect  on  it  of  the  abnormal 
urine  from  the  affected  side  in  the  shape  of  increased  vascularity,  of  ero- 
sions or  ulcerations  of  greater  or  less  depth.  The  presence  of  two  ureteral 
orifices  should  always  be  carefully  looked  for,  since  in  the  vast  majority 
of  cases  they  speak  for  the  presence  of  two  kidneys  that  are  distinct. 
A  horseshoe-shaped  or  a  placental  kidney  generally  is  furnished  with  two 
ureters.  In  congenital  absence  or  atrophy  of  one  kidney  the  ureteral  orifice 
of  that  side  may  still  be  present.  Of  course,  no  effiux  of  any  kind  will  then 
be  seen.     (For  full  consideration  of  the  subject  of  cystoscopy,  see  p.  282.) 
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Ureteral  Catheterization. — Whereas  this  and  cystoscopy  are  elab- 
orately considered  elsewhere,  it  must  be  alluded  to  at  this  place.  Ure- 
teral catheterization  is  a  most  valuable  aid  in  the  diagnosis  of  obscure 
surgical  affections  of  the  ureters  and  kidneys.  In  the  hands  of  experts  it 
permits  the  recognition  of  the  presence  of  two  kidneys  and  of  the  amount 
and  character  of  urine  excreted  by  each.  It  may  reveal  strictures  of 
the  ureter  or  calculi  impacted  within  them. 

If,  as  was  simultaneously  devised  m  1899  by  A.  B.  Johnson,  of  New 
York,  and  I^wenhardt,  of  Berlin,  ureteral  catheterization  be  combined 
with  radiography,  additional  certainty  as  to  the  presence  of  two  kidneys 
and  their  relative  functional  values  can  be  obtained.  Unfortunately, 
ureteral  catheterization  is  not  always  feasible  in  the  hands  even  of  ex- 
perts. In  tight  urethral  strictures  and  great  hypertroph)''  and  vascularity 
of  the  prostate  gland  it  may  be  impossible  to  use  the  cystoscope  at  all. 
In  other  cases  there  is  no  assurance  that  an  abnormal  condition  of  the 
bladder  will  not  prevent  the  ureteral  orifices  from  being  brought  into  view. 
Furthermore,  where  there  is  an  infected  condition  of  the  bladder,  ureteral 
catheterization  is  not  devoid  of  danger.  Its  great  value  rests  on  the  cer- 
tainty with  which  each  kidney  can  be  drained  of  its  excretion  and  its 
functional  capacity  established.  Ureteral  catheterization  with  cryoscopy 
affords  the  surest  method  of  establishing  the  respective  values  of  the  two 
kidneys.  Since  in  practice  this  must  be  known  only  in  those  cases  in 
which  nephrectomy  is  contemplated,  ureteral  catheterization  need  not  be 
practised  as  a  routine  method  for  the  diagnosis  of  surgical  conditions 
of  the  kidney.     (See  p.  288.) 

Segregators. — Before  ureteral  catheterization  became,  with  limi- 
tations, the  accepted  method  for  functional  renal  diagnosis,  various 
efforts  had  been  made,  by  unilateral  compression  of  the  ureter,  to  secure 
the  secretion  of  the  other  kidney.  By  compression  from  within  the  blad- 
der, or  from  without,  even  to  the  extent  of  temporary  ligation  of  the  ure- 
ter, it  was  sought  to  separate  the  urines.  Where  ureteral  catheterization 
is  not  feasible  or  is  contraindicated,  the  separation  of  the  urines  by  one 
of  the  various  segregators  should  be  tried.  Various  forms  of  segregators 
are  pictured  and  described  on  pp.  279-282. 

When  the  segregator  works  well,  it  separates  the  urines  perfectly. 
It  can  be  used  in  cases  where  ureteral  catheterization  is  contraindicated 
or  impossible.  It  has  its  limitations.  It  cannot  be  used  when  the  blad- 
der is  greatly  contracted.  When  its  mucosa  is  at  all  involved,  it  is  al- 
most certain  to  cause  bleeding,  which  vitiates  the  results.  When  the 
trigonum  is  distorted  by  ulceration,  by  swelling  of  the  mucosa,  or  by  pros- 
tatic enlargement,  the  establishment  of  a  median  septum  by  any  segre- 
gator may  not  be  possible.  As  compared  with  ureteral  catheterization 
for  diagnostic  purposes,  the  writer  believes  that  the  use  of  a  segregator 
is  to  be  preferred  as  a  routine  practice.  It  requires  less  experience  and 
can  do  less  harm.  It  does  not,  however,  give  the  same  accurate  informa- 
tion as  to  the  condition  of  the  ureters.  The  technic  of  the  application  of 
segregators  is  given  on  p.  280-282,  and  here  also  are  pictured  various 
forms  of  the  instrument. 
VOL.  IV — 13 
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Cryoscopy. — Until  very  recently  our  knowledge  of  the  functional 
capacity  of  the  kidneys  was  obtained  from  the  total  daily  excretion  of 
urea.  In  health  and  under  varying  diet  this  is  between  25  and  35  gm. 
A  reduction  to  15  gm.  or  under  for  the  daily  average  indicates  such  a  loss 
of  functional  capacity  that  a  serious  operative  interference  would  proba- 
bly be  followed  by  death  from  uremia.  In  every  case  in  which  Kiimmel 
extirpated  the  kidney  the  total  of  urea  excreted  exceeded  16  gm.,  and  in 
all  of  his  cases  the  remaining  kidney  assumed  full  function.  When, 
therefore,  the  separation  of  the  urines  is  impracticable,  much  may  be 
assumed  regarding  the  post-operative  probabilities  from  the  quantitative 
analysis  as  to  urea.  It,  in  conjunction  with  cryoscopy  of  the  blood,  is  a 
valuable  aid. 

When  separation  of  the  urines  is  feasible,  a  comparison  of  the  per- 
centages of  urea  of  each  furnishes  an  index  of  the  proportion  of  the  com- 
bined work  each  kidney  is  doing. 

Cryoscopy  is  based  on  the  study  of  V.  Koranyi  of  the  freezing-point  of 
the  blood  and  of  the  urines  combined  or  separated.  To  estimate  the 
molecular  concentration  of  a  fluid,  its  freezing-point  or  cryoscopic  index 
is  determined.  If  the  kidneys  do  insufficient  work,  there  is  an  accumu- 
lation of  the  waste  products  of  tissue  change  in  the  blood,  thereby  in- 
creasing its  molecular  concentration;  with  this  there  is  a  corresponding 
fall  of  the  freezing-point.  The  normal  freezing-point  of  the  blood  is  .56° 
below  that  of  distilled  water.  This  index  is  fairly  constant  with  sufficient 
kidney  function.  It  may  be  influenced  by  a  variety  of  pathologic  con- 
ditions remote  from  the  kidneys,  such  as  produce  deficient  oxygenation 
of  the  blood,  anemias,  hemorrhages,  and  so  on.  The  fall  of  .03°  to  .05°  is 
evidence  that  both  kidneys  are  acting  insufficiently.  If  the  cryoscopic 
index  is  much  below  this,  nephrectomy  ought,  according  to  the  advocates 
of  this  method,  not  be  performed. 

The  cryoscopic  examination  of  the  urine  gives  results  less  constant 
than  those  of  the  blood,  because  of  the  wide  variation  in  its  organic  and 
saline  composition.  The  freezing-point  of  urine  is  from  1°  to  2.3°  below 
that  of  distilled  water.  If  from  defective  excretion  the  number  of  mole- 
cules is  diminished,  the  freezing-point  rises.  If  under  an  ordinary  regi- 
men of  fluids  and  solids  the  index  is  less  than  1°  below  that  of  water, 
insufficient  renal  capacity  may  be  assiuned.  To  be  of  greatest  value 
cryoscopy  must  be  made  of  the  blood  and  of  the  separated  urines. 

Kiimmel,  from  an  enormous  experience  of  over  one  thousand  exami- 
nations, attaches  the  greatest  importance  to  cryoscopy,  particularly  of 
the  blood,  in  estimating  the  functional  capacity  of  the  kidney.  Before 
using  the  method  forty-one  nephrectomies  were  followed  by  fifteen  deaths. 
After  instituting  ureteral  catheterization  and  cryqscopy,  one  hundred 
and  forty-eight  nephrectomies  were  followed  by  ten  deaths — a  mortality 
of  6.7  per  cent. 

Cryoscopy  of  the  blood  is  of  great  prognostic  value  in  cases  of  prostatic 
hypertrophy  in  which  there  are  as  yet  no  demonstrable  changes  in  the 
kidneys.  A  marked  elevation  of  the  blood  concentration,  often  to  .71°, 
marks  a  speedy  dissolution.    In  children  with  tuberculosis  of  the  kidneys 
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and  bladder,  where  cystoscopy  often  may  be  impracticable,  cryoscopy  of 
the  blood  gives  an  accurate  index  of  the  advisability  of  operation. 

Albarran,  like  Kiimmel,  Casper,  and  Rumpel,  is  a  forceful  advocate 
of  ureteral  catheterization  and  the  quantitative  analysis  of  the  separated 
urines.  To  test  the  comparative  functional  capacity  of  the  two  glands, 
the  urine  must  be  collected  for  at  least  two  hours  at  a  time.  Albarran 
allows  the  catheters  to  remain  in  place  for  hours.  In  two  cases  he  re- 
tained them  respectively  fifteen  and  forty-five  days.  After  one  hundred 
and  sixteen  nephrectomies  he  had  only  five  deaths. 

Artificial  Glycosuria. — Four  years  ago  Casper  and  P.  F.  Richter 
utilized  v.  Mering's  observation  of  the  sugar-excreting  effect  on  the  kid- 
neys of  the  subcutaneous  injection  of  a  minimal  quantity  of  phlorizin 
(0.01).  The  sugar  appears  in  the  urine,  as  a  rule,  in  less  than  thirty 
minutes  and  continues  about  three  hours.  The  rapidity  of  its  appearance 
in  the  combined  urines  or  the  compared  rapidity  when  the  urines  are 
separated  is  an  index  of  the  functional  renal  capacity.  Kapsammer  in 
over  two  hundred  observations  confirms  the  value  of  this  test.  Two 
years  ago  Voelker  and  Joseph  introduced  a  method  which  is  less  circum- 
stantial than  cryoscopy  and  the  phlorizin  test.  After  the  injection  of 
4  c.c.  of  a  4  per  cent,  solution  of  indigo-carmin  into  the  gluteal  region, 
cystoscopic  examination  reveals  a  colored  stream  from  the  ureteral  ori- 
fices of  the  normal  kidney.  Combined  with  segregation  with  Lambotte's 
instrument,  I  have  obtained  some  good  results  from  the  internal  adminis- 
tration of  methyl-blue. 

In  opposition  to  the  opinions  above  quoted  in  regard  to  cryoscopy  and 
separation  of  the  urines  are  those  of  Israel  and  Rovsing,  who  insist  on  the 
unreliability  of  all  methods,  and  with  a  good  deal  of  reiison  ascribe  the 
reduced  mortality  to  earlier  diagnoses  and,  therefore,  earlier  operations, 
and  to  improved  technic. 

From  any  and  all  of  the  above  methods,  when  practicable,  such  precise 
knowledge  can  be  obtained  that  the  only  kidney  need  never  again  be 
removed.  In  cases  in  which  nephrectomy  is  not  contemplated,  the  more 
complicated  methods  need  not  be  practised.  A  careful  examination  of 
the  clinical  history,  the  symptoms,  urinalysis,  and  cystoscopy  are  all 
that  is  needful.  When  nephrectomy  is  contemplated,  every  effort  should 
be  made  to  determine  the  actual  functional  capacity  of  each  kidney. 
But,  after  all,  the  examinations  only  show  this  for  the  time  being;  they 
cannot  determine  the  potential  capacity  of  the  organ  remaining  after 
operation.  Reflex  anuria  may  develop  after  nephrectomy  when  gross 
and  microscopic  examinations  show  the  other  kidney  to  be  normal  in  every 
regard.  Jemckel  recently  reported  a  case  in  which  ureteral  catheteriza- 
tion and  cryoscopy  demonstrated  a  normal  functionating  kidney.  The 
patient  died  after  nephrectomy,  and  the  autopsy  revealed  a  normal 
gland.  One  such  case  throws  a  doubt  upon  the  infallibility  of  the  modem 
methods  of  functional  diagnosis.  It  disproves  the  dictum  of  Albarran, 
"Un  op6r6  (le  n^phrectomie  ne  doit  pas  mouroir  d'insuffisance  r^nale." 

Exploratory  Incision.— As  a  result  of  the  refinements  of  the 
modem  methods  of  determining  the  functional  value  of  each  kidney, 
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exploratory  incision  to  determine  the  presence  and  gross  anatomic  condi- 
tion of  the  other  kidney  is  practised  less  often  than  formerly.  To  the 
great  majority  of  surgeons  ureteral  catheterization  and  the  complicated 
chemical  analyses  above  alluded  to  will  remain  an  unattainable  method. 
Even  the  most  expert  meet  with  failures.  Here  a  short  median  incision 
above  the  umbilicus  for  exploration  is  indispensable.  Through  it  the 
other  kidney  can  be  located  and  palpated  by  bimanual  touch,  with  the 
fingers  of  one  hand  in  the  abdomen  and  those  of  the  other  in  the  loin. 
While  it  is  true  that  a  tuberculous  kidney  or  a  pyelonephrotic  kidney 
need  not  be  much  enlarged,  and  that  one  compensatorially  enlarged  may 
appear  abnormal,  in  the  overw^helming  majority  of  cases  a  kidney  that  is 
felt  to  be  of  noraial  size  and  consistence  will  in  time  do  double  service 
after  its  fellow  is  removed.  Such  an  exploration  takes  but  a  few  minutes 
and  is  imperative  unless  the  condition  of  the  other  kidney  has  been  fixed 

by  other  methods.  An  ex- 
ception may  sometimes  be 
necessary  in  the  grave  emerg- 
ency arising  from  a  severe 
rupture  of  the  gland.  The 
abdominal  route  is  preferable 
to  thelumbarforexploration. 
This  has  the  advantage  of 
bringing  the  kidney  into 
view,  but  requires  a  more 
extensive  dissection  and 
more  time.  Errors,  of 
course,  are  possible,  but  it 
is  a  fair  assumption  that  a 
kidney  normal  in  size,  con- 
sistence, and  place  has  a 
normal  potential  capacity. 

In  suppurative  and  re- 
tention processes,  where 
nephrectomy  is  contemp- 
lated as  an  alternative  method,  it  would  be  proper  as  a  last  resort  to 
establish  a  pelvic  renal  fistula,  through  which  all  of  the  urine  from  the 
affected  kidney  can  be  withdrawn  and  compared  with  the  bladder  urine 
from  the  other  side.  The  method  was  first  suggested  by  Czerny.  The 
fistula  to  be  of  diagnostic  value  must  be  of  ample  size  to  prevent  the 
escape  of  any  urine  into  the  bladder. 

x=Ray  Examinations. — With  the  advent  of  radiography  certainty 
in  the  diagnosis  of  many  surgical  affections  of  the  kidney  and  ureter, 
especially  stones,  was  greatly  furthered.  To  obtain  a  satisfactory  plate 
is  still  one  of  the  difficult  feats  of  radiography.  But  when  such  an  one  is 
obtained,  it  should  show  the  la^^t  two  ri])s,  the  transverse  processes  of  the 
lumbar  vertebrae,  and  the  shadow  of  the  psoas  muscle  clearly.  In  such 
a  plate  the  shadow  of  even  a  normal  kidney  may  often  be  seen  with  proper 
illumination.     As  an  adjuvant  in  determining  the  presence  of  a  second 


Fio.  117. 
l,Coral-shape<l  stone  in  pelvis  of  kidney;  2.  guttered  ure- 
teral stone;   3,  urate  stones  weighing  nine  grains. 
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kidney  this  shadow  is  valuable.     In  enlargements  from  tumors  or  reten- 
tion, a  positive  shadow  can  almost  always  be  obtained. 

If  the  x-ray  plate  is  a  good  one,  the  presence  of  a  stone  is  revealed  by 
a  distinct  sharp  shadow,  showing  itself  in  exactly  the  same  shape  and  posi- 
tion in  every  successful  exposure  of  the  patient.  The  technic  of  radi- 
ography of  the  kidney  has  been  so  far  improved  that  great  certainty  at- 
taches to  the  results  obtained.  Although  subject  to  occasional  erroi-s, 
the  radiographic  presentment  of  a  stone  must  be  considered  the  only 
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positive  proof  of  its  presence  before  operation.  It  is  a  sine  qua  non  for  a 
positive  diagnosis.  It  can  ordinarily  be  obtained  irrespective  of  size, 
situation,  or  chemical  nature  of  the  stone,  and  of  the  degree  of  corpulence 
of  the  subject.  The  absence  of  a  shadow  in  a  number  of  successful  plates 
is  by  many,  following  the  teaching  of  Leonard  and  Rumpel,  considered 
sufficient  to  make  a  negative  diagnosis  as  to  stone.  Even  great  obesity 
does  not  preclude  the  probability  of  a  reliable  plate. 

Leonard   reports   three   hundred    and   thirty-one   examinations   for 
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kidney  stones  with  only  3  per  cent,  of  failures.  From  Kiimmers  and 
Rumpers  eighty-four  cases  of  renal  stone,  sixty-five  positive  results  were 
obtained  after  the  technic  had  been  perfected.  Altogether,  three  hundred 
and  twenty-eight  x-ray  examinations  were  made.  In  almost  every  in- 
stance the  shadow  of  the  stone  in  form  and  size  is  like  the  stone  found 
at  the  time  of  the  operation. 

The  ease  with  which  the  rays  penetrate  a  stone  varies  according  to  the 
chemical  composition.  The  hard  stones  formed  by  the  oxalates  are 
penetrated  with  the  greatest  difficulty,  and,  therefore,  are  most  easily 
located  by  radiography.  Uric-acid  stones  are  a  little  more  difficult  to 
find  by  reason  of  their  greater  permeability.     Phosphatic  stones,  on 


Fig.  119. — Stonk  in  Pelvis  of  Kionky. 


account  of  their  lightness,  are  most  permeable  of  all,  and  unless  contain- 
ing a  great  deal  of  lime,  they  show  only  the  faintest  shadow. 

The  interpretation  of  even  the  best  x-ray  plate  may  l)e  faulty.  In  one 
of  the  cases  of  the  writer,  three  separate  plates  showed  four  stones  to  be 
in  the  renal  pelvis.  The  operation  revealed  about  thirty  small  stones  so 
closely  packed  together  in  the  pelvis  as  to  appear  jus  four  stones  in  the 
picture.  A  shadow  in  the  renal  pelvis  or  in  the  track  of  the  ureter  can 
positively  be  looked  upon  as  a  stone  in  the  urinary  tract  only  when  it  is 
associated  with  other  clinical  evidence.  Misinterpretation  of  shadows 
has  been  sufficiently  common  to  warrant  this  dictum.  Calcified  lymph- 
nodes,  phleboliths,  the  thickened  tip  of  im  appendix,  have  been  mistaken 
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for  renal  or  ureteral  concrements.  Buried  sutures  infiltrated  with  lime 
salts  after  previous  laparotomies,  particularly  for  appendicitis,  have 
been  mistaken  for  ureteral  stone.  In  a  patient  seen  with  Barrow,  of 
Lexington,  I  saw  the  presentment  of  seven  or  eight  small  stones  on  one 
side  and  two  on  the  other  in  the  track  of  the  pelvic  portion  of  the  ureter 
after  the  removal  of  the  appendages  (Fig.  118).  If  radiography  of  the 
calculus  can  be  combined  with  the  use  of  a  ureteral  catheter,  as  first  recom- 
mended by  Tuffier  and  Fenwick,  such  sources  of  error  will  be  eliminated. 
Instead  of  using  a  metal  mandarin  for  the  catheter,  Helferich  (Goebel) 
has  made  use  of  a  catheter  the  varnish  of  which  contains  some  vermilion. 
Very  recently  Vogel  and  Lichtenburg  have  shown  some  very  excellent 
ic-ray  pictures  of  dilatations,  twists,  and  displacements  of  the  pelvis  and 
the  ureters  by  injecting  into  them  a  2  per  cent,  to  5  per  cent,  solution  of 
collargol.  The  injections  are  usually  associated  with  pain  which  lasts 
for  twenty-four  hours.  This  alone  will  probably  prevent  the  method 
from  achieving  a  wide  success.  In  the  technic  of  radiography  of  the 
kidney  an  empty  condition  of  the  intestine  is  a  fii-st  requisite.  Free 
purgation  for  one  or  two  days  must  be  practised.  The  best  pictures  ai-e 
then  obtained,  if  one  of  the  various  diaphragms  be  used.  Where  a  more 
extensive  picture  is  desired  for  general  study,  compression  of  the  abdo- 
men with  a  wide  band,  preferably  attached  to  the  table,  is  essential. 
When  the  diaphragm  is  used,  exposures  must  be  made  successively  and  of 
different  parts  in  order  that  no  part  of  the  urinary  tract  may  escape  the 
skiagraphic  examination. 
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Anomalies  of  position,  form,  and  number  of  the  kidney  and  ureters, 
which  until  recently  possessed  only  scientific  interest,  are  far  from  rare. 
Aristotle  knew  that  life  was  compatible  with  one  kidney.  Instances  of 
congenital  absence  of  one  kidney  were  described  by  Vesalius,  Eustachius, 
Baubin,  and  Haller.  Congenital  abnormalities  may  be  divided  into  three 
groups:  First,  abnormalities  of  number;  second,  abnormalities  of  form; 
and  third,  abnormalities  of  position. 

Abnormalities  of  Number. — Entire  absence  of  one  kidney  is  quite 
rare.  According  to  Morris,  congenital  absence  of  one  kidney  is  to  be 
looked  for  once  in  every  two  thousand  and  fifty  cases.  A  tabulation  of 
two  hundred  and  thirteen  cases  has  l)een  made  recently  by  Ballowitz. 
Mankiewicz  added  twenty-one  new  cases.  Winter  gives  a  total  of  two 
hundred  and  thirty-seven  cases.  The  kidney  was  absent  in  ninety-eight 
on  the  right  side  and  one  hundred  and  twenty-nine  on  the  left.  It  seems 
twice  as  common  in  men  as  in  women,  perhaps  because  autopsies  are  more 
frequently  made  on  them.  The  renal  vessels  are  generally  absent  or  very 
rudimentary  on  the  side  of  the  defect.  Of  one  hundred  and  eleven  cases 
in  which  the  suprarenal  bodies  were  looked  for,  they  were  found  absent 
thirty-one  times.  In  ninety  cases  they  were  present,  and  in  sixty-seven 
normal  in  position  and  form  (Ballowitz).  Anomalies  of  the  genitalia 
were  often  associated  with  kidney  malformations.    They  are  oftener 
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found  In  women  than  in  men.  In  them  there  have  been  found  the  uterus 
unicornis  and  atrophy  or  absence  of  the  ovary.  In  men  the  vesicula 
seminalis  and  vas  deferens  of  the  same  side  are  often  absent.  Absence 
of  the  testicle  was  observed  only  four  times,  although  it  was  very  fre- 
quently atrophic. 

Of  greatest  importance  is  the  status  of  the  lu^ter  in  these  cases.  In 
most  of  them  it  was  not  found.  In  eighteen  cases  it  was  present  in  its 
lower  part  in  a  very  rudimentary  form  and  permitting  the  introduction 
of  a  probe  for  a  short  distance.  In  five  cases  the  ureteral  orifice  appeared 
as  a  slight  depression.  In  all  other  cases  of  congenital  absence  of  the 
kidney  the  ureter  was  absent,  as  was  also  the  ureteral  orifice.  In  five 
cases  the  solitary  ureteral  orifice  was  in  the  midline.  The  importance  of 
this  in  cystoscopic  examinations  is  self-evident. 

For  practical  purposes  congenital  atrophy  of  the  kidney  and  that 
acquired  in  early  life  must  be  considered  with  congenital  absence.  Rudi- 
mentary and  atrophic  kidneys  usually  retain,  however  small,  their  tabu- 
lated form,  and  the  ureter  of  that  side  is  in  evidence  almost  always. 

In  congenital  absence  or  atrophy  of  one  kidney  the  remaining  gland 
is  ordinarily  decidedly  enlarged.  In  only  a  few  cases  was  the  kidney 
found  of  normal  size  and  in  only  five  cases  smaller  than  normal.  In 
sixty-three  of  two  hundred  and  thirty-six  cases  the  solitary  kidney 
showed  pathologic  changes.  Various  forms  of  calculi  were  found  in  nine- 
teen cases,  or  8  per  cent,  of  all  solitary  kidneys  contained  stone.  There 
were  twenty-one  cases  of  various  forms  of  chronic  nephritis.  Tuberculo- 
sis, hydronephrosis,  and  neoplasm  were  observed  in  the  rest  of  the  solitary 
kidneys.  There  are  records  of  eleven  operations  on  solitary  kidneys — 
four  nephrotomies  and  seven  nephrectomies.  The  nephrectomies  were 
fatal  in  from  one  to  eleven  days.    The  case  of  Polk  lived  eleven  days. 

Abnormalities  of  Form. — ^The  most  common  malformation  is  that 
in  which  there  is  a  fusion  of  the  two  organs  into  one  large  gland  mass. 
The  horseshoe  kidney  is  the  common  form  of  fusion.  In  it  the  lower 
poles  are  united  either  by  gland  tissue  or  more  or  less  dense  bands  of  con- 
nective tissue.  The  concavity  looks  upward.  Fusion  of  the  upper  poles 
is  very  rare  (Fig.  120).  According  to  Robinson,  the  isthmus  is  above  in 
only  7  per  cent.  In  the  great  majority  of  cases  the  isthmus  is  located 
in  front  of  the  aorta,  although  in  fusion  of  the  proximal  poles  the  isthmus 
is  found  behind  the  aorta  somewhat  more  frequently.  The  renal  bridge 
is  placed  in  the  middle  line,  and  two  pelves  are,  as  a  rule,  present  and 
placed  anteriorly.  The  pelvis  of  each  half  very  often  divides  high  in  the 
hilum  of  the  kidney,  so  that  the  number  of  ureters  is  double.  The  two 
ureters  from  each  side  are,  as  a  rule,  fused  before  entering  the  bladder, 
so  that  a  single  orifice  appears  for  each  side  in  the  bladder.  From  a  more 
or  less  extensive  union  at  one  extremity,  the  fusion  may  be  continued  up- 
ward until,  in  the  most  marked  cases,  the  fused  glands  present  the  ap- 
pearance of  a  placental  body  with  a  single  or  double  pelvis,  but  with 
separate  ureters.  The  literature  presents  a  number  of  cases  in  which 
operations,  often  including  partial  nephrectomies,  have  been  success- 
fully performed  on  the  horseshoe  kidney. 
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A  positive  way  of  recognizing  fusion  of  the  kidneys  does  not  exist. 
One  may  suspect  it  when  a  tumor  clinically  shown  to  be  connected  with 
the  kidney  has  a  central  situation  and  perhaps,  according  to  Davidson, 
transmits  the  pulsation  of  the  abdominal  aorta.  Steele  reports  a  large 
fused  kidney  recognized  by  exploration.  The  x-ray  pictures  showed  the 
presence  of  two  ureters. 

Supernumerary  kidneys  are  extremely  rare.  Watson  Cheyne  reports 
the  presence  of  a  third  kidney,  with  its  own  ureter  and  blood-supply, 
discovered  by  laparotomy.  It  was  well  developed,  of  normal  size,  and 
from  three  to  four  inches  distant  from  the  right  kidney.  Far  more  com- 
mon than  a  third  kidney  is  a  double  ureter  and  pelvis  on  one  or  both  sides. 
Byron  Robinson  made  a  study  of  thirteen  specimens.    When  the  kidney 


Fia.  120. — Horseshoe  Kidney;  Isthmus  above  (Byron  Robinson). 


possesses  two  ureters,  the  one  connected  with  the  upper  pole  habitually 
crosses  behind  the  other  ureter  and  terminates  in  the  opening  furthest 
from  the  ureteral  orifice.  Bransford  Lewis  has  skiagraphed  such  a  case, 
showing  a  lead  fused  wire  in  the  catheters  (Fig.  121).  Hammerschlag 
demonstrated  by  methyl-blue  test  bilateral  duplication  of  the  ureters. 

Abnormalities  of  Position.— Although  the  fused  and  solitary 
kidney  are,  as  a  rule,  in  an  abnormal  position,  an  otherwise  nor- 
mal kidney  may  be  congenitally  displaced.  Strater  has  collected  fifty- 
nine  cases  of  renal  dystopia,  many  of  which  were  operated  upon.  The 
displacement  may  be  in  a  downward  or  lateral  direction.  The  latter 
may  be  so  extreme  that  the  two  kidneys  are  on  the  same  side.  The  kid- 
ney may  also  be  rotated  on  its  axis.     It  may  be  arrested  at  any  point 
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in  the  course  which  it  must  travel  in  embryonal  life  from  the  pelvis  to 
the  lumbar  region.     In  most  instances  the  displaced  kidney  with  a  short 


Fig.   121. — Bransford   Lewis's  Case   ok   Three    Ureters   Demonstrated  During   Life   bt 

Ureteral  Catheterization  and  Radiography. 

Gonorrheal  infection  of  one  of  the  three  ureten*.     Permanently  relieved  by  ureteral  lavage. 


ureter  has  been  found  in  the  lesser  pelvis,  fixed  by  a  peritoneal  fold  to 
the  lateral  wall,  or  in  the  hollow  of  the  sacrum.  Mobile  dystopic  kidneys, 
although  rare,  have  been  described.    The  apparent  preponderance  of 
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the  pelvic  over  abdominal  dystopia  is  due  to  their  being  recognized  oftener 
on  account  of  their  serious  pressure  effects,  particularly  in  women  during 
gestation  and  parturition. 

The  arteries  of  the  displaced  kidney  are  generally  anomalous  and  come 
from  the  common  and  internal  iliac  in  the  pelvic  form,  and  very  near  the 
aortic  bifurcation  in  the  abdominal.  This  anomalous  blood-supply  dis- 
tinguishes the  congenital  from  the  acquired  displacements  even  when  in 
the  latter  the  kidney  has  become  fixed.  In  all  reported  cases  the  suprar- 
renal  gland  was  in  its  normal  position. 

The  clinical  features  of  an  otherwise  normal  renal  dystopia  are  those 
common  to  chronic  pathologic  conditions  of  the  pelvis  in  women.  They 
are  a  sense  of  weight  in  the  lower  abdomen,  pains  often  reflected  to  the 
coccyx  or  the  thigh,  pain  in  cohabitation,  and  quite  often  menstrual  dis- 
turbances and  marked  obstipation.  Abortions  often  result  from  a  dys- 
topic  kidney.  In  two  cases  of  Hochenegg  and  Israel  marked  psychic 
disturbances  were  observed. 

The  diagnosis  of  a  normal  dystopic  kidney  has  in  a  vast  majority  of 
cases  not  been  made,  except  by  exploratory  incision  or  during  an  opera- 
tion for  the  removal  of  a  pelvic  tumor.  In  seven  cases  it  was  not  known 
that  a  nephrectomy  was  being  done  until  the  operation  was  completed. 
In  two  it  was  a  solitary  kidney.  When  pathologic  changes,  chiefly  hydro- 
nephrosis, pyonephrosis,  or  neoplasms,  develop,  the  diagnosis  is  facilitated 
by  the  clinical  phenomena  belonging  to  them.  Although  ureteral  cathe- 
terization, by  demonstrating  the  shortness  of  the  ureter,  may,  as  it  has,  in 
some  cases,  make  the  diagnosis  probable,  for  the  most  part  an  explora- 
tion will  be  needed  to  determine  the  nature  of  the  condition. 

A  treatment  of  congenital  dystopia  is  indicated  only  in  cases  in  which 
there  are  marked  pressure  effects  or  pathologic  changes.  In  cases  of 
distention  and  of  tumor,  nephrectomy  alone  should  be  considered.  Al- 
though this  can  be  accomplished  in  the  pelvic  dystopia  through  the  sacral 
route,  as  recommended  by  Hochenegg  and  Tillmanns,  removal  by  laparot- 
omy is  to  be  preferred.  In  one  case  Israel,  after  making  the  diagnosis 
by  median  laparotomy,  by  a  subsequent  operation  removed  the  kidney 
through  a  lateral  operation.  If  the  dystopic  kidney  is  normal,  an  effort 
should  be  made  to  fix  it  in  the  iUac  fossa,  care  being  taken,  of  course,  that 
harmful  tension  is  not  made  on  the  ureter  and  the  vessels.  Successful 
cases  of  such  transference  have  been  recorded  by  Frank,  Strater,  and 
Delaforge. 

Anomalies  of  the  Ureter.— Without  involvement  of  the  kid- 
ney proper  the  ureters  and  the  pelvis  are  subject  to  many  anomalies. 
A  divided  pelvis  with  duplication  of  the  ureter  for  half  of  its  course  is 
found  in  about  1  per  cent,  of  all  subjects.  The  origin  of  the  ureter 
may  be  from  the  upper  end  of  the  pelvis,  with  a  consequent  tendency  to 
valve  formation  and  obstruction  to  natural  drainage.  In  a  number  of 
instances  an  anomalous  course  of  the  renal  vessels  has  caused  obstruction 
of  the  proximal  ureteral  end  and  hydronephrosis.  In  one  case  Israel 
revealed  this  condition  by  operation.  Anomalies  of  insertion  of  the 
lower  end  are  more  common.    The  insertion  may  be  in  any  part  of  the 
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bladder  wall,  the  prostatic  urethra,  or  seminal  vesicle.  In  women, 
usually  with  other  developmental  defects,  a  ureter  has  been  found  to 
empty  into  the  urethra,  the  vagina,  or  the  rectum.  Cystic  dilatation  of 
the  lower  end  has  been  described  particularly  by  Englisch,  who  collected 
fifteen  cases.  This  condition  has  in  a  number  of  cases  been  recognized 
by  cystoscopy  and  relieved  by  suprapubic  section  and  resection  of  the 
anterior  wall  (Garr^).  Congenital  intravesical  prolapse  of  the  ureter 
occurs  in  the  form  of  more  or  less  pouching  into  the  lumen  of  the  bladder. 
While  ordinarily  the  pouch  is  small,  it  may  project  in  females  so  far  as  to 
appear  at  the  urethral  orifice.  Blumer  has  collected  thirteen  cases,  of 
which  ten  were  congenital.  Congenital  strictures  of  the  ureter,  even  to 
complete  occlusion,  have  been  found  chiefly  at  the  normal  isthmuses. 
They  are  sometimes  in  the  form  of  valves,  and  are  found  at  the  beginning 
of  the  ureter,  near  the  pelvic  brim,  or  in  its  course  in  the  bladder  wall. 
The  effects  of  these  anomalies  on  the  kidney  will  be  considered  in  the 
section  on  Hydronephrosis.  The  diagnosis  of  abnormalities  of  the  ureter 
cannot  be  made  unless  secondary  dilatation  of  the  ureter  or  renal  pelvis 
occurs.  Anomalous  insertions  into  the  bladder  can  be  recognized  by 
cystoscopy.  The  entrance  of  the  ureter  into  the  rectum,  since  it  is  in- 
compatible with  life,  is  not  of  surgical  interest.  When  the  ureter  opens 
into  the  urethra,  vagina,  or  seminal  vesicle,  incontinence  is,  as  a  rule, 
present,  and  then  operative  measures  must  be  resorted  to. 

The  cure  of  these  conditions  involves  an  operation  which  must  vary 
in  the  individual  case.  For  distention  of  the  lower  end  of  the  ureter  and 
for  prolapse  an  intravesical  operation  will  almost  always  be  indicated  after 
suprapubic  cystotomy  has  been  made  (Garr^).  In  a  number  of  cases  the 
operation  has  been  successfully  done  with  the  operating  cystoscope. 
For  the  cure  of  anomalous  insertions  of  the  ureter  into  the  rectum,  vagina, 
vulva,  or  seminal  vesicle,  an  implantation  of  the  ureter  into  the  bladder 
must  be  made.  The  methods  by  which  this  is  to  be  accomplished  will  be 
considered  under  Ureteral  Operations  (p.  265). 

Movable  and  Floating  Kidney.— The  normal  kidney  makes  a  limited 
excursion,  like  the  spleen,  in  a  vertical  direction,  with  the  movements  of 
the  diaphragm.  In  deep  inspiration  the  descent  is  about  one  inch.  This 
is  sufficient  to  permit  the  palpation  of  the  kidney  in  part  on  the  right 
side  in  about  60  per  cent,  of  all  subjects,  and  the  left  in  about  8  per  cent, 
of  men  and  30  per  cent,  of  women.  In  girls  of  slender  build  the  respira- 
tory movements  of  the  kidney  can  be  most  easily  demonstrated.  When 
the  whole  kidney  can  be  palpated,  the  condition  must  be  considered 
pathologic.  The  frequency  of  abnormal  renal  mobility  is  considerable. 
According  to  Kiister,  it  occurs  once  in  two  hundred  and  seven  men,  in 
women  once  in  twenty-two.  Autopsy  records  by  Epstein  and  Newman 
show  only  sixteen  cases  in  over  fourteen  thousand  autopsies.  These 
are  not  as  reliable  as  examinations  made  in  the  living,  for  it  is  evident 
that  unless  the  mobility  be  especially  looked  for  or  extreme,  it  will  not  be 
observed  at  autopsy.  In  his  latest  article  E.  Hahn,  who  in  1881  es- 
tablished its  surgical  treatment,  observes  that  in  one  hundred  women 
he  found  the  kidney  movable  in  5.5  per  cent.    In  fifty  children,  equally 
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divided  as  to  sex,  he  found  but  one  movable  kidney  in  a  girl  of  eight. 
In  one  hundred  men  he  observed  mobility  of  the  right  kidney  in  two. 
Morris  has  had  ninety-eight  operations  for  movable  kidney,  with  only 
ten  on  men. 

The  right  kidney  is  involved  about  fifteen  times  as  often  as  the  left. 
According  to  Landau,  both  kidneys  are  involved  in  about  5  per  cent,  of 
all  cases.  This  accords  with  the  experience  of  most  operators,  although 
Edebohls  in  one  hundred  and  eighty-six  patients  made  a  bilateral  opera- 
tion in  seventy-four. 

A  distinction  was  formerly  made  on  an  anatomic  basis  between  the 
movable  and  floating  kidney.  The  presence  of  a  distinct  mesonephron 
was  the  essential  of  the  floating  kidney.  In  reality  a  true  mesonephron 
can  belong  only  to  the  congenital  type  of  dystopia  and  is  very  rare. 
As  a  proof  of  its  existence,  anomalies  of  the  renal  vessels,  particularly  in 
regard  to  their  origin,  must  be  offered.  Therefore  it  is  proper  that  a 
clinical  meaning  should  be  given  to  the  terms  movable  and  floating  to 
indicate  the  degree  of  renal  displacement.  Excursions  of  the  movable 
kidney,  however  extensive  in  the  direction  of  the  long  body  axis,  are  al- 
together behind  the  peritoneum.  The  floating  kidney,  on  the  con- 
trary, moves  freely  forward  toward  the  anterior  abdominal  wall,  though 
rarely  touching  it.  It  therefore  may  become  an  intra-abdominal  organ, 
like  the  cecum.  The  movable  kidney  is  very  much  more  common  than 
the  floating,  of  which  it  is  but  an  earlier  stage.  Between  the 
extremes  all  degrees  of  displacement  are  encountered.  Gldnard  de- 
scribes four  degrees:  the  first,  in  which  the  lower  renal  pole  can  be  felt 
on  inspiration  alone;  the  second,  that  in  which  the  greater  portion  of  the 
kidney  can  be  felt;  the  third,  that  in  which  on  deep  inspiration  the  whole 
kidney  can  be  felt;  and  fourth,  that  in  which  the  kidney  as  a  whole  can 
be  felt  regardless  of  the  position  of  the  diaphragm. 

Etiology. — Although  movable  or  wandering  kidney  is  almost  always 
acquired,  there  is  a  congenital  predisposition  to  it.  In  women  the  para- 
vertebral niches  in  which  the  kidneys  are  placed  are,  according  to  Volkow 
and  Delitzin,  more  cylindric  than  in  men  and  shallower  and  open  below. 
Stiller  demonstrated  in  many  of  his  cases  an  abnormal  mobility  of  the 
tenth  rib,  depending  perhaps  upon  defective  attachment  of  its  tip  to  the 
rib  above.  Israel  has  confirmed  this  observation,  and  in  two  of  his  cases 
the  writer  has  made  the  same  observation.  Albarran  designates  movable 
kidney  as  a  stigma  of  degeneracy. 

The  most  important  factor  in  keeping  the  kidney  in  place  is  the  intra- 
abdominal pressure.  This  is  maintained  by  an  intact  abdominal  wall. 
Any  decrease  of  its  supporting  strength  renders  less  secure  the  position 
of  the  abdominal  viscera.  Volkow  and  Delitzin  have  sho^vii  on  the  cad- 
aver that  the  division  of  the  abdominal  wall  causes  the  kidneys  to  sink 
to  a  lower  position.  Relaxation  of  the  abdominal  wall  or  of  the  floor  of  the 
iemale  pelvis,  as  would  occur  after  repeated  pregnancies,  is  the  most 
common  cause  of  movable  kidney.  Therefore  the  disease  is  oftenest 
encountered  in  multipara  between  the  twenty-fifth  and  fortieth  year. 
On  the  other  hand,  child-bearing  is  far  from  being  the  only  cause  of 
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wandering  kidney.  The  condition  is  often  found  in  nulliparous  women. 
Harris  fixes  the  proportion  at  40  per  cent.  Relaxation  of  the  retro- 
peritoneal fascia  by  absorption  of  its  fat  accounts  for  the  not  infrequent 
appearance  of  the  condition  after  acute  wasting  diseases.  Trauma,  I 
believe,  is  often  the  direct  cause  of  renal  mobility.  In  three  cases  in  the 
persons  of  girls  under  twenty,  the  writer  has  known  the  condition  to  be 
observed  soon  after  a  fall  from  a  horse  in  one  case,  and  in  two  after  a  play- 
ful scuffle.  In  none  of  them  were  there  evidences  of  injury  to  the  kidney 
itself.  Scoliosis,  by  changing  the  form  of  the  pararenal  pocket,  may  be  a 
direct  cause  of  movable  kidney.  An  enlargement  of  the  kidney  may,  by 
reason  of  its  weight,  cause  abnormal  mobiUty.  It  is  not  positively  estab- 
lished that  an  ill-fitting  corset  in  women  or  the  use  of  a  loin  strap  in  men  is 
the  cause  of  movable  kidney.  Quite  often  movable  kidney  is  only  a  part 
of  a  general  enteroptosis.  In  a  number  of  cases  of  the  latter,  obser\^ed 
for  a  long  period  by  me,  the  kidney  was  the  first  organ  displaced. 
In  a  secondary  way  by  traction  on  the  duodenum  and  colon  the  loosening 
of  the  intra-abdominal  viscera  was  seen  to  follow  in  a  secondary  manner. 
In  exceptional  cases  nephroptosis  causes  a  chronic  inflammation  of  the 
appendix,  either  by  obstructing  its  venous  circulation  or  by  causing  a 
kink  within  it,  or,  as  seems  to  me  the  chief  reason,  by  giving  rise 
to  chronic  and  obstinate  constipation.  The  latter,  I  believe,  is  often  a 
primal  factor  in  causing  renal  mobility.  Traction  of  an  overweighted 
cecum  and  colon,  by  inducing  mobility  in  them,  must  easily  influence  the 
fixed  position  of  the  kidney.  That  the  combined  condition  of  nephro- 
ptosis and  chronic  appendicitis  occurs  in  over  3  per  cent,  of  women,  as 
maintained  by  Edebohls,  has  not  been  the  experience  of  most  observers. 

The  preponderance  of  the  condition  on  the  right  side  has  been  charged 
to  the  naturally  lower  position  and  the  proximity  of  the  right  lobe  of  the 
liver.  A  number  of  observers  have  corroborated  the  researches  of  Vol- 
kow  and  Delitzin  showing  that  the  right  kidney  niche  is  broader,  shallower, 
and  more  open  below  than  the  left  one.  Landau  holds  the  unsuppoited 
condition  and  greater  length  of  the  right  kidney  as  compared  with  the 
left  responsible  for  the  preponderance  of  right  displacements. 

Symptoms  and  Diagnosis. — In  a  very  large  proportion  of  cases 
movable  kidney  does  not  cause  any  S3nnptoms.  The  degree  of  mobility 
does  not  determine  their  severity.  It  is  often  detected  accidentally  and 
may  thereafter,  in  nervous  women,  give  rise  to  symptoms.  In  other 
cases  severe  accesses  of  pain,  gastric  disturbances,  and  neuroses  make 
life  miserable.  The  sensation  most  frequently  experienced  is  that  of 
something  wrong  or  loose  on  one  side  of  the  abdomen.  There  is  often  a 
sense  of  weight  and  dragging  pain,  which  predisposes  to  mental  depression. 
The  stomach  participates  very  largely  in  the  subjective  symptoms.  There 
is  almost  always  anorexia,  associated  at  times  with  vomiting  and  tachy- 
cardia, and  jaundice  is  not  rare.  They  result  from  pressure  or  traction 
on  the  duodenum,  which  in  time  may  lead  to  gastrectasia.  Disturbances 
of  the  urinary  secretion  are,  as  a  rule,  absent,  although  the  pains  often 
follow  the  course  of  the  ureter  and  simulate  that  of  a  renal  calculus.  Pain 
in  the  labia,  the  testicle,  or  the  thigh  is  common. 
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Sudden  alterations  in  the  relations  of  the  vascular,  nervous,  or  excre- 
tory apparatus  of  a  floating  kidney  may  cause  alarming  crises,  with  all 
symptoms  of  peritoneal  shock.  They  usually  follow  severe  exertions  and 
are  followed  by  sharp  pain,  vomiting,  and  tympany.  During  these  crises 
the  kidney  is  exquisitely  tender  and  may  be  markedly  enlarged  by  tem- 
porary hydronephrosis.  With  the  close  of  the  crises  polyuria  and  hema- 
turia are  often  observed.  Usually  the  kidney  ''rights"  its  position,  and 
the  violent  symptoms  quickly  subside.  These  crises  were  first  described 
in  1864  by  Dietl,  who  attributed  them  to  strangulation  of  the  kidney. 

In  a  large  pi-oportion  of  cases,  chiefly  in  the  upper  social  strata,  the 
nervous  symptoms  predominate.  They  are  of  the  entire  gamut  of  neuro- 
pathy, and  in  coui-se  of  time  bring  about  a  condition  of  inveterate  invalid- 
ism. An  inherited  neurotic  tendency  is  often  found  to  be  the  basal  factor 
in  this  condition,  as  in  that  of  the  more  extensive  enteroptoses.     ^ 

The  diagnosis  is,  as  a  rule,  easily  made  by  bimanual  palpation,  which 
reveals  an  abnormal,  mobile,  and  dislocated  kidney,  recognized  by  its 
form  and  size.  When  the  condition  is  suspected  and  the  kidney  for  the 
time  being  is  in  a  normal  position,  it  can  easily  be  displaced  and  demon- 
strated as  mobile  by  postural  changes.  A  corset  liver,  tumors  of  the 
hepatic  flexure,  a  pendulous  gall-bladder,  or  a  pyloric  carcinoma  may  be 
confounded  with  movable  kidney;  but  in  none  of  these  conditions  can  the 
tumor  mass  be  made  to  disappear  for  any  length  of  time.  As  compared 
with  a  movable  and  distended  gall-bladder,  the  wandering  kidney  has  a 
wider  range  of  movement.  The  mobile  gall-bladder  can  only  move  in 
the  arc  of  a  circle  beneath  the  edge  of  the  liver.  Other  clinical  phenomena 
must  aid  in  the  diagnosis. 

In  acute  renal  crises,  particularly  if  renal  ptosis  is  unsuspected,  the 
diagnosis  may  be  very  difficult.  Careful  analysis  of  the  concomitant 
urinary  symptoms,  of  the  nature  of  the  pain,  with  the  detection  of  a 
painful  and  perhaps  distended  kidney,  usually  suffices  to  clear  up  any 
existing  doubt. 

The  prognosis  of  movable  kidney  is  good  as  to  life.  The  condition 
may  continue  for  years.  Spontaneous  cures  have  been  observed  mostly 
in  women  who  have  taken  on  flesh  rapidly.  Pregnancy  has  also  been 
known  to  be  followed  by  disappearance  of  symptoms.  In  most  cases 
an  anatomic  cure  cannot  be  looked  for  without  operation,  although  the 
nervous  symptoms  which  are  in  many  instances  sufficient  to  establish  a 
condition  of  chronic  invalidism  may  be  favorably  influenced  by  internal 
treatment  that  probably  is  only  of  suggestive  value. 

Treatment. — ^This  resolves  itself  into  the  palliative  and  curative.  In 
the  majority  of  cases  the  former  alone  suflSces.  A  statement  made 
to  the  patient  that  the  floating  body  is  not  a  tumor  often  relieves  all  anx- 
iety. To  relieve  the  actual  discomforts,  trial  should  first  be  made  of  an 
abdominal  supporting  bandage.  To  be  of  service  this  must  surround  the 
abdomen  from  the  pelvis  to  the  thorax  to  substitute  the  lost  intra- 
abdominal pressure,  the  radical  basis  factor  of  movable  kidney.  A  pelvic 
band  with  lateral  steel  uprights,  reaching  half-way  to  the  axilla  on  each 
side,  gives  firmness  to  the  apparatus.     It  should  be  so  arranged  that 
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pressure  is  made  in  an  upward  direction.  Renal  trusses  with  large  pads 
to  fix  the  kidney  are  rarely  of  service  and  often  harmful.  In  conjunction 
with  this  orthopedic  treatment  in  recent  cases,  a  rest  cure  with  h3T)er- 
feeding  is  often  of  the  greatest  value.  This  is  particularly  true  in  emaci- 
ated subjects,  in  those  in  whom  the  nervous  symptoms  predominate,  and  in 
whom  a  movable  kidney  is  but  a  part  of  a  general  visceral  descent.  It 
is  for  this  reason  that  many  operators  of  wide  experience,  like  Israel  and 
Tuffier,  have  restricted  the  indications  for  operation.  TufBer,  for  ex- 
ample, operated  on  sixty-four  wandering  kidneys  between  1888  to  1894. 
In  the  following  three  years  he  operated  on  only  eight.  Larrabee  bases  a 
similar  opinion  on  a  clinical  study  of  one  hundred  and  twelve  cases. 

Operative  Treatment. — Until  E.  Hahn  in  1881  first  fixed  a  movable 
kidney  by  an  open  operation,  nephrectomy  was  practised  in  severe  cases. 
At  present  extirpation  of  the  kidney  for  this  condition  must  be  reserved 
for  extreme  cases  in  which  repeated  efforts  at  fixation  have  failed  to  be  of 
service.  According  to  Hahn,  of  forty-two  nephrectomies  for  movable 
kidney,  six  died  of  uremia  and  fourteen  of  sepsis  or  peritonitis.  These 
statistics,  of  course,  for  the  most  part  are  of  a  period  preceding  the  modem 
advanced  methods  of  wound  treatment. 

The  operation  of  fixing  the  kidney  was  called  nephrorrhaphy  by 
Hahn  and  nephropexy  by  LeDentu  in  1889.  It  is  positively  indi- 
cated in  all  cases  in  which  renal  crises  occur.  Ureteral  catheterization 
may  be  used  to  determine  the  degree  of  urinary  retention.  Intermittent 
hydronephrosis,  hematuria,  severe  pain,  and  beginning  gastroptosis  in- 
dicate operation.  In  general  enteroptosis  the  fixation  of  the  kidney 
alone  is  followed  by  not  more  than  temporary  benefit.  Although,  as  a 
rule,  in  cases  presenting  a  preponderance  of  nervous  symptoms  kidney 
fixation  is  not  of  permanent  benefit,  the  writer  has  seen  a  number  of 
instances  in  which  permanent  good  results  were  obtained.  The  operative 
mortality  of  nephropexy  is  very  low.  '  In  1895  Delboie  collected  three 
hundred  and  sixty-three  cases  with  five  deaths.  In  eight  hundred  and 
forty-six  operations  collected  by  Edebohls  the  mortality  was  1.65  per 
cent.  In  view  of  this  low  death-rate  from  the  operation  it  seems  certain 
that  whenever  the  symptoms  are  severe  or  the  condition  itself  is  a  source 
of  anxiety,  kidney  fixation  should  be  done.  That  a  permanent  cure  of  all 
the  symptoms  follows  in  a  large  proportion  of  cases  cannot  be  questioned. 
In  fully  65  per  cent,  of  all  cases  permanent  cures  are  achieved.  Albarran, 
who  places  the  sutures  through  the  kidney,  has  obtained  a  permanent 
recovery  in  78  per  cent,  of  his  cases.  In  about  20  per  cent,  of  all  cases 
there  is  a  partial  failure,  often  due  to  recurrence  of  the  condition.  Second 
operations  have  repeatedly  been  performed  with  success. 


PERINEPHRITIS;  PARANEPHRITIS. 

The  connective-tissue  covering  of  the  kidney,  including  the  fat  layer 
and  the  peritoneum  in  front,  reacts  in  various  ways  to  inflammations  of 
the  kidney  proper.  The  peritoneum  and  the  capsula  propria  are  never 
the  seat  of  primary  disease  or  of  suppuration;  but  in  a  way,  and  always 
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secondary  to  disease  of  the  kidney,  are  capable  of  enormous  thickening. 
The  fat  covering,  on  the  other  hand,  is  very  frequently  infected  from 
sources  foreign  to  the  kidney.  Technically,  a  differentiation  of  the  various 
conditions  should  demand  an  indicative  nomenclature.  No  little  confu- 
sion has  resulted  from  efforts  in  this  direction.  Rayer  reserved  the  term 
'*  perinephritis''  for  inflammations  of  the  fat  capsule.  French,  English, 
and  American  writers  have  continued  the  use  of  this  term  in  the  same 
sense.  Kiister  applied  the  name  to  inflammations  in  front  of  the  kidney 
and  reserved  the  term  **  paranephritis"  for  the  suppurative  processes  in 
the  retrorenal  fat.  Israel  would  designate  the  thickenings  of  the  fibrous 
capsule  as  perinephric,  and  inflammations  within  the  fat  capsule  as  epi- 
nephric.  Unfortimately  for  this  nomenclature  there  is  often  shown  a  suc- 
cessive involvement  of  all  the  circumrenal  connective-tissue  layers,  and 
the  difficulties  of  clinical  and  even  anatomic  differentiation  at  operation  or 
autopsy  may  then  be  insurmountable.  For  these  reasons  the  term 
^'perinephritis"  will  be  used  in  its  wider  limitation  to  indicate  inflamma- 
tions of  the  fibrous,  cellular,  and  fat  tissue  surrounding  the  kidney. 

With  this  acceptation  of  the  term,  three  well-marked  varieties  of 
perinephritis  exist.  They  are:  first,  the  fibrous  or  sclerotic;  second,  the 
lipomatous;  and  third,  the  suppurative.  The  fibrous  or  sclerotic  type 
involves  the  fibrous  capsule  and  the  fat  layers  immediately  surroimding 
it.  It  occurs  as  a  result  of  long-standing  irritations  and  inflammations 
of  the  kidney  such  as  follow  stone,  tuberculosis,  and  pyonephrosis.  The 
adhesions  in  these  cases  are  of  great  significance  if  nephrectomy  must 
be  done.  The  sclerosis  extends  into  the  hilum  of  the  kidney,  thereby 
making  very  diflficult  the  separation  of  its  structures  before  tying  them 
off.  In  some  cases  the  fibrosis,  doubtless  by  gradual  compression  of  the 
renal  vessels,  induces  atrophy  of  the  kidney. 

The  lipomatous  variety  results  from  a  large  increase  of  fat  tissue  of 
the  capsula  adiposa  and  involving  the  kidney  proper  through  extension 
from  the  hilum.  In  extreme  cases  of  this  form  the  kidney  appears  as  an 
irregular  fat  mass  (Plate  II)  surrounded  by  a  very  dense  fibrous  capsule. 
The  resemblance  to  the  normal  kidney  may  be  lost,  the  mass  looking 
like  a  lipoma.  In  the  most  advanced  cases  the  greatly  thickened  fibrous 
capsule  is  filled  by  a  fat  mass  in  the  center  of  which  is  an  irregular  cavity, 
the  last  vestige  of  the  pelvis.  I  have  recently  met  with  two  cases 
of  this  character:  one  discovered  by  autopsy  as  the  result  of  chronic 
nephrolithiasis,  the  other  by  operation.  In  these  cases  the  disease 
followed  a  long-standing  pyelitis,  probably  of  calculous  origin.  The 
mass  in  the  one  case  was  removed  to  relieve  an  embarrassing  fistula. 
Although  it  w'eighed  two  pounds,  the  vessels  were  very  small.  Between 
the  fibrosis  and  the  lipomatosis  there  is  no  sharp  dividing-line.  It  is 
more  than  probable  that  the  fibrosis  extending  into  the  hilum  may  induce 
fat  infiltration.  Except  when  a  fistula  occurs,  the  lipomatous  kidney 
is  not  to  be  made  the  subject  of  operation,  although  it  may  be  impossible 
to  recognize  the  condition  beforehand. 

Suppurating  Perinephritis  (Perinephritic  Abscess).— Suppura- 
tions within  the  perirenal  fat  are  for  the  most  part  due  to  suppurative 
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disease  within  the  kidney  resulting  from  calculous  pyelitis,  tuberculosis, 
or  metastatic  abscess.  The  genesis  of  perinephric  suppuration  in  these 
cases  is  plain.  Suppurations  may  extend  also  into  the  perirenal  fat  layer 
from  infections  of  the  appendix,  of  the  pelvic  viscera  in  women,  and  even 
from  the  prevesical  and  periprostatic  connective-tissue  spaces.  Abscesses 
of  the  liver,  of  the  gall-bladder,  of  the  sheath  of  the  psoas,  and  ulcera- 
tions of  the  duodenum  may,  through  the  lymph-channels,  be  the  cause 
of  perinephric  abscess.  In  very  rare  cases  extension  downward  of  an 
empyema  has  been  the  cause.  Trauma  is  a  common  cause  of  this  condi- 
tion, with  or  without  recognizable  injury  to  the  kidney.  Stab  and  gun- 
shot woimds  may  produce  it  by  direct  infection.  In  a  metastatic  way 
the  disease  occurs  after  typhoid,  measles,  and  influenza.  Hematomata 
after  contusions  form  very  excellent  foci  for  germ  propagation. 
Whether  this  comes  from  the  blood,  from  minute  cortical  tears  or  con- 
tusions, or  from  migration  through  the  hollow  viscera,  it  is  difficult  in 
the  individual  case  to  decide.  Peripheral  suppurations,  like  furuncles 
and  felons,  have  recently  been  found  to  be  precursors  of  perinephric 
suppurations.  Jordon  and  Albrecht  have  reported  a  number  of  such 
cases. 

The  method  of  invasion  of  the  retrorenal  fat  layer  may  be  primary 
or  hematogenous,  i,  e.,  without  involvement  of  the  kidney,  and  secondary 
to  disease  of  that  or  some  other  contiguous  organ.  It  is  customary  to 
pronounce  the  case  primary  only  when  the  urinalysis  is  negative.  But 
circumscribed  cortical  contusions  and  abscesses  do  not  of  necessity  make 
themselves  manifest  through  the  urine.  The  lymphatic  and  to  a  larger 
extent  the  vascular  systems  of  the  kidney  and  its  coverings  are  continuous. 
Minute  metastases  and  tears  in  the  cortical  layer  are  doubtless  often  the 
precursors  of  seemingly  primary  perinephric  abscesses  of  metastatic  or 
traumatic  origin.  As  more  careful  analyses  are  made,  the  relative  fre- 
quency of  primary  perinephritis  diminishes.  I  have  operated  on 
one  case  following  gonorrhea  and  two  following  typhoid.  In  each  of 
these  the  pyelitis  preceded  the  abscess  formation,  although  in  none  of 
them  could  any  gross  connection  with  the  kidney  be  demonstrated  at 
the  operation.  In  another  case  a  phlegmonous  perinephric  cellulitis 
developed  in  a  diabetic.  The  kidney  was  found  intact  at  the  autopsy. 
In  forty-three  cases  operated  upon  by  Israel,  he  foimd  the  kidney  involved 
in  thirty-four.  In  six  cases  there  was  a  history  of  gonorrhea  and  in  only 
three  could  the  cause  not  be  found.  In  twenty-one  of  the  cases  the 
abscess  was  consecutive  to  stone,  pyelitis,  and  tuberculosis.  Most  cases 
occur  in  males.  Of  two  himdred  and  eight  cases  collected  by  Klister, 
one  hundred  and  forty  occurred  in  males.  Occasionally  the  disease  is 
bilateral. 

S3rmptomatology. — ^The  sclerotic  and  lipomatous  forms  give  no 
symptoms  independent  of  the  pre-existing  disease  of  the  kidney.  The 
symptoms  of  the  phlegmonous  vary  according  to  whether  the  disease  is 
primary  or  secondary.  In  the  latter  conditions  the  symptoms  belonging 
to  the  primary  disease  precede  the  invasion  of  the  perirenal  capsule. 
Given  the  history  of  stone,  tuberculosis,  pyelitis,  or  of  tuberculosis  of 
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the  spine,  empyema,  or  pelvic  infection,  the  beginning  of  the  perinephritis 
is  evidenced  by  localized  pain  and  tenderness  in  the  loin  and  by  more  or 
less  grave  systemic  febrile  disturbances.  In  seemingly  primary  cases 
following  trauma  or  in  the  metastatic  from  furunculosis  or  one  of  the 
acute  infectious  diseases,  the  disease  may  be  ushered  in  with  a  chill, 
followed  by  a  rise  of  temperature  and  the  rapid  development  of  the  local 
symptoms  above  named.  The  course  of  the  temperature  and  the  blood- 
count  are  characteristic  of  suppurative  processes  elsewhere.  Pain, 
which  is  often  the  initial  local  symptom,  is,  as  a  rule,  much  severer  than 
in  intrarenal  suppurations.  Reflected  pains  in  the  thigh  and  scrotum 
are  very  common,  and  by  reason  of  irritation  or  actual  involvement  of 
the  psoas  muscle  the  thigh  assumes  a  position  of  flexion.  Extension 
of  the  thigh,  if  possible,  is  very  painful.  Pain  reflected  to  the  knee  is 
sometimes  complained  of,  and  Gibney  has  called  attention  to  the  danger, 
on  accoimt  of  these  two  symptoms,  of  mistaking  the  perinephritis,  before 
an  external  swelling  is  observed,  for  hip  disease.  The  spine  is,  as  a  rule, 
fixed  and  sometimes  deviates  from  the  affected  side.  The  progress  of 
thesjnnptoms  is,  as  a  rule,  rapid,  so  that  within  the  course  of  ten  days  or  two 
weeks  a  well-marked  fluctuation  is  felt  in  the  loin.  In  other  cases  the 
progress  is  less  rapid  and  the  sjnnptomatology  proportionately  more 
obscure.  The  rapidity  with  which  the  swelling  is  recognized  depends 
upon  the  situation  of  the  abscess.  In  most  instances  it  is  distinctly 
retrorenal  and  extends  toward  the  lower  pole  of  the  kidney.  It  is  in 
these  cases  that  the  thigh  symptoms  are  oftenest  seen,  and  the  swelling 
in  the  region  of  the  kidney  is  soon  apparent.  When  the  abscess  forms 
nearer  the  upper  pole  the  symptoms  simulate  those  of  subphrenic  abscess, 
in  that  limitation  of  diaphragmatic  movements  on  that  side  is  well  marked. 
The  higher  up  the  original  focus  of  suppuration  is,  the  more  likely  are 
severer  symptoms  on  the  part  of  the  alimentary  canal  to  arise.  Per- 
sistent vomiting,  jaundice,  and  obstipation  may  all  belong  to  the  sympto- 
matology of  perinephric  abscess. 

The  important  diagnostic  feature  of  this  condition  is  the  local  swelling. 
This  is  often  preceded  by  a  marked  and  painful  resistance  which  is  revealed 
by  bimanual  palpation.  Three  cardinal  local  features  belong  to  peri- 
nephric infiltration:  First,  the  swelling  is  behind  the  kidney,  and  even 
when  very  large  does  not  approach  the  anterior  abdominal  wall.  Second, 
the  swelling  is  diffuse  and  without  the  well-marked  limitations  which 
belong  to  enlargement  of  the  kidney  proper.  Third,  the  swelling  is 
uninfluenced  by  respiration.  As  the  disease  progresses  in  most  cases, 
if  left  untreated,  an  inflammatory  cutaneous  edema  makes  the  diagnosis 
certain. 

Aspiration  can  always  be  resorted  to  as  a  means  of  diagnosis,  although 
the  abscess  may  be  so  small  that  even  an  incision  may  fail  to  reveal  it. 
In  other  and  xisually  neglected  cases  the  abscess  may  be  very  large, 
extending  from  the  diaphragm  to  the  groin  and  often  beyond  the  midline. 
As  a  rule,  the  pus  contained  within  the  abscess  is  quite  free  from  odor, 
whereas  in  others  it  is  distinctly  fecal.  In  the  lumbar  abscess  of  appendi- 
ceal origin  the  abscess  not  infrequently  contains  gas. 
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The  organisms  which  have  been  found  in  the  pus  evacuated  from  the 
perinephric  abscess  are  the  ordinary  pyogenic  cocci,  the  colon  bacillus, 
and  the  diplococcus. 

Prognosis. — Suppurative  perinephritis,  according  to  Kiister,  has  a 
mortality  of  34  per  cent.  The  prognosis  depends  upon  the  time  of  surgical 
treatment,  for  a  timely  incision  renders  most  cases  capable  of  recovery. 
If  left  to  itself,  a  perinephric  abscess  in  most  instances  points  at  and  breaks 
through  the  loin.  Rapid  defervescence  often  follows.  Unfortunately, 
if  this  eventuates  it  may  not  be  until  extensive  burrowing  has  occurred 
toward  the  diaphragm  or  the  groin.  The  abscess  may  empty  itself 
through  the  pelvis  of  the  kidney,  through  the  intestine,  or,  like  abscesses 
of  the  liver,  through  the  bronchus.  Fatal  peritonitis  may  result  from  a 
rupture,  but  this  termination  is  rare.  Where  an  operation  has  been 
long  delayed,  recovery  is  tedious,  through  the  difficulty  of  maintaining 
sufficient  drainage.  Discharging  fistulas  are  very  common.  In  abscess 
secondary  to  disease  of  the  kidney  a  permanent  renal  fistula  may  remain 
until  the  primary  condition  is  relieved. 

Treatment. — This  may  be  summed  up  in  advocating  an  incision  as 
soon  as  symptoms  indicate  the  presence  of  pus.  Aspiration  may  be  re- 
sorted to  for  diagnostic  purposes  to  guide  the  direction  which  the  opera- 
tion is  to  take.  It  is  within  the  experience  of  most  surgeons  that  small 
abscesses  not  discovered  at  the  operation  will  empty  themselves  through 
the  wound  within  a  day  or  two. 

The  best  incision  is  the  oblique  one,  through  which  the  skin  and 
muscle  layers  are  divided  until  the  retrorenal  fascia  is  reached.  It  is 
best  to  open  the  abscess  with  a  small  incision,  gradually  enlarging  it 
with  scissors  or  probe-pointed  knife  guided  by  the  finger.  A  very  careful 
examination  of  the  abscess  cavity  is  essential  to  determine  the  presence  of 
secondary  pockets  which  may  require  a  separate  incision  in  the  inguinal  or 
gluteal  region.  As  a  rule,  an  effort  should  be  made  to  expose  the  kidney 
to  either  view  or  touch,  care  being  taken  not  to  wound  the  fibrous  capsule, 
imless  there  is  evidence  of  suppuration  within.  A  stone  will  sometimes 
be  found  in  the  abscess.  The  treatment  required  for  the  primary  con- 
ditipn  of  the  kidney  may  be  carried  out  at  the  time  the  perirenal  abscess 
is  opened,  although  in  most  cases  the  condition  of  the  patient  with  a 
perinephric  abscess  is  such  that  it  is  the  part  of  wisdom  to  defer  the 
operation  on  the  kidney  until  he  has  been  given  an  opportunity  to  re- 
cuperate. Primary  nephrectomy  in  the  febrile  state  of  the  patient 
should  not  be  done. 


INJURIES  OF  THE  KIDNEY. 

Although  wounds  of  the  kidney  are  comparatively  rare,  they  were 
fully  recognized  and  described  by  writera  of  antiquity.  The  oppor- 
tunities of  any  individual  for  extensive  observation  are  limited.  Kiister, 
in  seven  thousand  seven  hundred  and  forty-one  injuries  at  the  clinics 
of  Basel  and  Berlin,  could  tabulate  only  ten  cases,  or  a  little  more  than 
one  in  a  thousand.    Of  these  ten,  only  one  was  an  open  wound.     Of  two 
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thousand  six  hundred  and  ten  autopsies  there  were  thirteen  injuries  to 
the  kidney,  with  only  one  of  a  penetrating  nature.  Israel  records,  not- 
withstanding his  large  experience  of  renal  surgery,  only  one  operative 
case.  During  the  war  of  the  American  Rebellion  there  were,  altogether, 
eighty-five  gunshot  wounds  of  the  kidney,  of  which  twenty-six  recovered. 
Statistics  of  wounds  have  been  made  by  Adler,  Maas,  Keen,  and  Kiister. 
The  analysis  of  Keen's  one  hundred  and  fifty-five  cases  shows  nineteen 
gunshot  wounds,  eight  penetrating  wounds,  one  hundred  and  eighteen 
sub  parietal  ruptures,  two  partial  nephrectomies  for  rupture,  six  traumatic 
hydronephroses,  and  two  ruptured  ureters  (pelvis). 

Injuries  of  the  kidney  may  be  divided  into  two  groups:  First,  sub- 
parietal  injuries;  second,  penetrating  wounds,  with  the  subdivisions  of 
incised,  punctured,  and  gunshot. 

Subparietal  Injuries. — These  occur  in  men  very  much  oftener 
than  in  women.  Of  two  hundred  and  ninety-nine  cases  of  Kiister,  two 
hundred  and  eighty-one  occurred  in  men.  According  to  this  authority, 
an  injury  in  the  loin  tends  to  produce  a  contusion  or  often  a  rupture; 
whereas  in  women,  mobility  of  the  kidney  is  more  likely  to  result.  It 
seems  more  probable,  however,  that  the  proportion  given  by  Kiister  is 
really  explained  by  the  greater  frequency  with  which  men  are  injured. 
Injury  of  the  kidney  is,  as  a  rule,  the  result  of  direct  violence.  In  rare 
instances  both  kidneys  are  hurt.  Violence  or  falls  from  considerable 
heights  without  direct  injury  may  produce  rupture  of  the  kidney.  The 
manner  of  production  of  the  injury  varies  in  different  cases,  and  where 
the  injury  involves  the  lower  ribs,  there  can  be  but  little  question  but  that 
the  kidney  is  caught  and  crushed  between  the  vertebral  column  and  the 
ribs.  Kiister  has  shown  by  experiment  that  a  common  cause  of  rupture 
is  the  hydraulic  pressure  acting  through  the  full  vessels  and  pelvis,  causing 
the  kidney  to  burst.  Experimental  work  bears  out  the  theory  of  the 
effectiveness  of  hydraulic  pressure  in  the  production  of  ruptured  kidney. 
It  cannot  explain  the  cases  in  which  the  kidney  is  torn  across  near  its 
pedicle  nor  the  wounds  that  involve  the  cortex  and  fibrous  capsule  only. 

Pathology. — Injuries  of  the  kidney  and  its  coverings  vary  in  degree 
from  simple  contusions  to  extensive  ruptures  and  complete  pulpifying. 
The  contusions  may  involve  only  the  cortical  portion  with  an  intact 
capsule,  or  a  tear  may  extend  far  into  the  substance  of  the  kidney,  involv- 
ing the  pelvis  and  the  larger  branches  of  the  renal  vessels.  Injuries  of 
the  kidney  and  its  connections  may  be  divided  according  to  degree  as 
follows: 

First,  tears  of  the  capsule,  with  or  without  injury  to  the  kidney.. 

Second,  contusions  of  the  cortex  with  tear  of  the  fibrous  capsule,  but 
without  injury  to  the  pelvis.  In  these  cases  the  perirenal  fat  is  the  seat 
of  an  extensive  hematoma.  The  peritoneum  may  be  torn  with  the  escape 
of  blood  into  the  abdomen.  This  is  more  likely  to  occur  in  children 
because  of  the  absence  in  them  of  the  perirenal  fat.  De  Quervain  found 
the  peritoneum  torn  in  seventeen  out  of  two  hundred  and  fifty-four 
cases  of  subparietal  injury  of  the  kidney. 

The  lacerations  are  oftener  found  on  the  anterior  surface  of  the  kidney, 
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and  have  either  a  horizontal  direction  or  run  radially  from  the  hilum. 
It  seems  to  me  that  the  more  frequent  occurrence  of  injury  to  the  front 
of  the  kidney  may  be  explained  by  the  doubling  up  of  the  gland,  as  the 
force  is  generally  applied  from  behind,  and  that  with  the  increased 
hydraulic  pressure  the  kidney  gives  way  at  its  least  supported  part, 
namely,  in  front. 

Third,  extensive  single  and  multiple  lacerations  extending  into  the 
pelvis  may  completely  separate  portions  of  the  kidney  from  each  other. 
The  tears  are  in  the  direction  of  the  interlobular  lines  of  the  embryonic 
kidney.  They  have  been  compared  somewhat  aptly  to  the  cracking  of 
wood  in  the  direction  of  its  fibers.  Extensive  tears  associated  with  pro- 
fuse hemorrhage  into  the  perirenal  tissues  produce  deep-seated  hema- 

tomata  in  the  lumbar  region.  These 
bleedings  may  extend  along  the  sper- 
matic veins  toward  the  inguinal  region, 
into  the  scrotum  and  the  base  of  the 
penis.  The  bladder  is  often  found 
filled  with  clotted  blood.  When  the 
peritoneum  is  torn,  there  is  no  pressure 
to  resist  extravasation,  and  the  hemor- 
rhage may  be  rapidly  fatal.  In  a  case 
of  pistol-shot  injury  of  the  right  kidney 
near  the  hilum,  the  hemorrhage  into 
the  abdomen  was  fatal  before  the 
kidney  could  be  removed.  In  extreme 
degrees  at  autopsy  or  operation  the 
kidney  may  be  found  pulpified.  When 
the  force  of  the  trauma  has  been  ex- 
pended near  the  hilum,  the  kidney 
itself  may  be  but  little  injured,  al- 
though its  vessels,  the  pelvis,  or  the 
ureter  may  have  been  entirely  torn 
across. 

Injuries  of  the  kidney  are^  of  course, 
often  complicated  by  other  lesions,  such  as  fractures  of  the  ribs,  of  the 
spine,  and  rupture  to  other  abdominal  viscera.  Thus  in  twelve  out  of 
seventeen  deaths  from  kidney  injury  collected  by  Keen,  such  additional 
injuries  were  found. 

Symptoms. — ^These  may  be  divided  into  general  and  local;  primary 
and  secondary.  The  primary  general  symptoms  of  injury  to  the  kidney 
are  those  common  to  severe  injuries  in  general.  They  are  the  symptoms 
of  shock  and  of  severe  hemorrhage.  But  often  in  extensive  ruptures 
shock  may  be  long  delayed  or  entirely  absent.  Patients  have  walked 
long  distances  and  continued  work  for  some  time  after  sustaining  severe 
injuries  of  the  kidney.  The  patient  from  whom  the  kidney  shown  in 
Fig.  122  was  removed  continued  at  work  for  five  hours  before  experiencing 
any  marked  weakness.  I  recently  saw  a  woman  of  seventy-five  with 
an   injured    kidney.     Rather   profuse    hematuria   was    present    for   a 
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week  before  there  was  any  acceleration  of  the  pulse-rate.  She  recov- 
ered without  operation. 

The  primary  local  symptoms  are  pain  and  tenderness,  swelling,  and 
hematuria.  The  pain  is  generally  deep-seated  and  dull,  although  from 
the  expulsion  of  blood-clots  through  the  ureter  it  often  becomes  paroxys- 
mal and  very  acute.  As  retrorenal  extravasation  ensues  it  becomes 
radiating  and  diffuse.  Postural  changes  and  deep  inspiration  increase  it. 
The  abdominal  muscles  are  often  rigid,  and  the  patient  assumes  the 
posture  of  subjects  with  perinephric  abscess.  Painless  cases  have  been 
demonstrated  by  autopsy,  but  it  is  difficult  to  conceive  how  bimanual 
palpation  could  fail  to  reveal  tenderness  in  even  slight  renal  tears. 

Through  bimanual  palpation  the  second  primary  cardinal  symptom, 
the  swelling,  is  made  manifest.  Generally,  this  is  ill-defined  and  diffuse 
and  involves  the  entire  costo-iliac  interval.  It  is  produced  by  the  infiltra- 
tion of  the  perirenal  and  circumrenal  tissues  with  blood  and  urine.  If 
the  examination  reveals  a  well-defined  swelling,  rounded  and  perhaps 
movable,  it  shows  the  absence  of  extravasation  and  the  retention  of 
urine  within  the  kidney  capsule  proper.  It  is  a  condition  of  hemato- 
hydronephrosis.  The  ecchymosis  often  seen  in  the  lumbar  region  in 
rupture  of  the  kidney,  when  primary,  is  due  to  superficial  contusions  of 
the  soft  parts  incident  to  the  injury.  In  most  cases  ecchymoses  appear 
late,  if  at  all. 

Hematuria  is  the  most  constant  primary  sjnnptom  of  rupture  of  the 
kidney.  It  occurred  in  sixty-five  out  of  seventy-one  cases  tabulated  by 
Maas.  In  twenty-six  cases  of  Morris  it  was  present  in  eighteen.  It 
comes  on,  as  a  rule,  soon  after  the  accident  and  varies  in  intensity  and 
duration.  In  contusions  of  mild  degree  the  urine  is  smoky  and  shows 
little  tendency  to  clotting.  In  more  extensive  tears  clotting  is  quite 
common,  either  in  the  ureter  or  in  the  bladder.  In  severe  hemorrhages 
from  the  torn  kidney  the  bladder  may  become  filled  with  clots,  which  can 
only  be  evacuated  through  a  large  catheter  and  by  suction.  Ureteral 
colics  are  of  common  occurrence  in  these  hematurias  and  occasionally 
the  blocking  of  the  ureter  gives  rise  to  the  acute  condition  of  hydro- 
hematonephrosis  already  alluded  to.  On  the  other  hand,  injury  of  the 
cortex  alone  may  not  make  itself  manifest  through  blood  in  the  urine. 
In  very  severe  lacerations  involving  the  pelvis,  hematuria  may  also  be 
absent  through  blocking  or  displacement  of  the  ureter.  Thrombosis 
of  the  renal  vessels  and  stricture  of  the  ureter  antedating  the  trauma  may 
also  explain  the  absence  of  hematuria. 

Hematuria  may  disappear  hi  twenty-four  hours  or  it  may  continue 
for  as  many  days.  In  injuries  of  moderate  degree  it  gradually  disappears 
in  from  three  to  four  days.  Albuminuria  sometimes  continues  for  many 
weeks  after  the  blood  has  disappeared.  Tuffier  has  described  a  tardy 
hematuria  which  may  come  on  after  the  lapse  of  a  week  or  more,  and  can 
be  explained  by  the  escape  of  a  perirenal  hematoma  through  some  channel 
which  has  reopened  into  the  kidney  and  pelvis. 

The  secondary  general  and  local  symptoms  of  rupture  of  the  kidney 
are  due  to  the  changes  which  take  place  in  the  kidney,  and  particularly 
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in  the  circumrenal  and  connective  tissue,  by  reason  of  the  infective  or 
reactional  processes  following  the  exudation  of  blood  and  urine.  They 
are  the  symptoms  of  either  rapidly  developing  perinephritis  or  of  an 
acute  peritonitis.  An  aneurism  may  develop  likewise  in  the  main  renal 
artery  or  one  of  its  branches.  The  condition  of  hydronephrosis  is  some- 
times directly  attributable  to  preceding  trauma.  The  injury  of  the 
kidney  itself  may  lead  to  localized  infarcts  with  subsequent  abscess 
formation,  or  to  a  non-suppurative  localized  inflammation  which  may 
result  in  a  imilateral  nephritis  of  chronic  character.  The  symptomatology 
of  all  these  secondary  conditions  will  vary  according  to  the  nature  of  each 
and  will  be  considered  in  its  proper  place. 

As  a  result  of  rupture  of  the  kidney,  anuria  has  often  been  noted  even 
in  cases  where  the  injury  was  imilateral  and  of  moderate  degree. 

Prognosis. — ^The  dangers  of  rupture  of  the  kidney  are  either  primary 
or  secondary.  The  chief  primary  danger  is  that  of  hemorrhage.  If 
death  occurs  later,  it  is  from  infection,  either  from  cystitis  through 
catheter  infection,  from  gonorrhea,  from  infection  through  weakened 
intestine,  or  one  of  hematogenous  character. 

In  uncomplicated  cases  the  prognosis  varies  with  the  degree  of  injury. 
Of  one  himdred  and  eight  cases  of  Grawitz,  fifty-eight  recovered.  In 
the  fatal  cases  there  were  usually  injuries  of  other  organs.  In  fourteen 
a  primary  hemorrhage  caused  death,  in  seven  suppurations  of  the  kidney, 
and  in  three  anuria.  Of  Kiister's  three  himdred  and  six  cases,  two 
hundred  and  twenty-two  were  uncomplicated,  with  a  mortality  of  31  per 
cent.  The  eighty-four  cases  complicated  with  other  injuries  showed 
a  mortality  of  92  per  cent.  Of  sixty-seven  fatal  cases,  ten  died  within 
twenty-four  hours,  thirteen  within  six  days,  and  twenty-one  within 
three  weeks.    Thirty  of  the  cases  died  from  hemorrhage. 

Treatment. — This  may  be  properly  divided  into  the  primary  and 
secondary.  As  soon  as  the  diagnosis  is  made  the  question  of  immediate 
operative  interference  must  be  considered.  Where  the  symptoms — 
such  as  slight  hematuria,  the  presence  of  only  a  limited  swelling  in  the 
lumbar  region,  and  the  absence  of  the  symptoms  of  general  shock — indi- 
cate limited  contusion,  rest  in  bed,  strapping  of  the  part,  and  anodynes 
to  relieve  pain  are  all  that  will  be  required.  It  is  questionable  whether 
any  internal  medication  or  the  hypodermic  use  of  ergotin,  or  even  adrena- 
lin, can  influence  the  bleeding.  Rest  in  bed  should  be  maintained  for 
at  least  three  weeks  to  prevent  recurrence  of  bleeding  and  the  tendency 
to  nephroptosis.  The  blood-pressure  should  be  kept  as  low  as  possible 
by  low  diet.  When  the  hematuria  is  severe,  and  even  more  so  when  a 
lumbar  hematoma  is  growing,  and  particularly  when  there  are  evidences 
of  intraperitoneal  bleeding,  the  indications  are  for  immediate  operation. 
Not  only  the  hematuria,  therefore,  but  the  concealed  hemorrhages 
around  the  kidney  and  within  the  peritoneum  indicate  immediate 
operation.  In  most  cases  the  idea  of  the  operation  is,  in  the  first  place, 
exploratory.  Only  after  the  kidney  has  been  exposed  and  the  degree 
of  injury  ascertained  can  the  proper  operative  therapy  be  instituted. 
It  is  advisable  to  resort  to  early  operation  when  the  hematuria,  though 
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not  profuse,  is  continuous  or  recurrent.  It  is  better  here  to  risk  an 
unnecessaiy  operation  than  to  wait  until  the  patient  is  so  reduced  that  an 
operation  must  be  undertaken  under  most  unfavorable  circumstances. 

When  the  exploration  shows  only  a  partly  lacerated  kidney  with  the 
margins  of  the  tear  in  a  position  to  be  approximated,  sutures  of  catgut 
may  be  used  to  close  the  gap.  Bleeding  vessels  that  are  found  near  the 
hilum  must  be  tied.  If  parts  of  the  kidney  are  nearly  severed  and  much 
contused,  they  should  be  removed  by  partial  nephrectomy.  Morris 
refers  to  four  cases  of  this  nature.  This  may  be  followed  by  suture.  In 
all  of  these  conditions  gauze  packing  is  indicated.  When  the  renal 
pelvis  is  found  blocked  with  clot,  a  pelvic  fistula  should  be  established 
after  the  clot  is  removed  by  incision. 

When  the  kidney  is  foimd  hopelessly  destroyed  or  it  has  been  found 
necessary  to  tie  large  branches  of  the  renal  artery,  immediate  removal 
of  the  kidney  is  indicated.  Unfortunately,  this  must  often  be  done  before 
the  presence  of  a  second  kidney  can  be  established.  It  is  true  that 
Bobroff  showed  that  tying  the  renal  vessels  experimentally  does  not 
necessarily  cause  necrosis  of  the  kidney.  Nevertheless,  in  the  injured 
state  of  the  organ  the  cutting  off  of  the  blood-supply  would  almost 
inevitably  be  followed  by  its  sloughing.  If  the  operation  shows  that  the 
peritoneum  has  been  opened,  the  abdominal  cavity  must  be  explored 
either  through  the  wound  in  the  loin  or  by  median  section.  In  cases 
where  the  injury  to  the  kidney  is  but  part  of  the  damage  done  to  the 
abdominal  viscera,  a  large  median  incision  is  to  be  preferred  to  the 
lumbar,  because  it  affords  a  better  opportunity  of  dealing  with  them. 
In  five  cases  laparotomy  followed  by  nephrectomy,  Ugation  of  the  vessels, 
or  gauze  packing  has  been  resorted  to  by  Kehr,  Tuffier,  Souligoux,  Pet- 
roff,  and  De  Quervam.  Two  cases  died.  One  of  those  recovering  had  a 
transperitoneal  fistula,  which  made  a  secondary  nephrectomy  imperative. 

Collective  statistics  show  that  early  exploration  gives  the  best  results 
and  should  be  practised  except  in  mild  cases  of  contusion.  Delbet  col- 
lected three  hundred  and  nineteen  cases,  of  which  two  hundred  and 
twenty-five  were  treated  expectantly,  with  one  hundred  and  three  deaths. 
Many  of  these  fatal  cases  were  in  such  a  condition  as  not  to  warrant  an 
operation.  In  fifty  cases  the  kidney  was  treated  by  suture,  packing, 
or  partial  resection,  with  two  deaths.  In  forty-four  primary  or  secondary 
nephrectomy  was  followed  by  a  mortality  of  25  per  cent.  Watson  has 
collected  the  largest  tables.  Of  two  hundred  and  seventy-three  cases 
treated  expectantly,  eighty-one  died;  ninety-nine  were  treated  by  a 
conservative  operation,  with  seven  deaths.  In  one  hundred  and  fifteen 
nephrectomy  was  performed;  and  of  these,  twenty-five  died. 

When  it  is  considered  that  the  majority  of  cases,  although  not  all, 
expectantly  treated,  are  those  of  slighter  injury,  and  that  those  operated 
on  are  a  priori  the  graver  ones,  and  that  many  operations  are  long  delayed, 
there  can  be  no  question  of  the  life-saving  influence  of  early  operation 
for  rupture  of  the  kidney.  Keen  has  shown  that  secondary  nephrectomy 
for  trauma  is  twice  as  fatal  as  primary. 

Wounds. — (a)  Incised  or  punctured.     (6)  Gunshot  wounds. 
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Incised  or  Punctured  Wounds. — Wounds  of  this  character,  par- 
ticularly stab  and  incised  wounds,  are  very  rare.  Gunshot  wounds  are 
of  more  frequent  occurrence.  According  to  Wagner,  there  have  been 
recorded  only  sixty  cases  of  the  former  and  two  hundred  of  the  latter. 
Woimds  of  the  kidney  other  than  gunshot  wounds  have  usually  been 
inflicted  by  knives,  scissors,  scythes,  or  similar  weapons.  Other  organs 
are  not  usually  involved,  for  reasons  that  are  evident.  Keen  refers  to  a 
case  in  which  a  pitchfork  entered  the  anus,  tore  the  rectum,  and  lacerated 
the  upper  third  of  the  left  kidney.  These  wounds,  like  subcutaneous 
ruptures,  may  involve  different  parts  of  the  kidney.  In  very  rare  cases 
of  incised  wound  prolapse  of  the  kidney  is  present.  Pilcher  refers  to 
two  cases  of  this  kind  where  nephrectomy  was  followed  by  a  good  result. 
If  seen  early,  conservative  treatment  of  the  kidney  is  indicated.  The 
symptoms  do  not  differ  in  any  marked  way  from  those  of  subcutaneous 
injury.  If  the  pelvis  has  been  opened,  a  renal  fistula  will  speedily  develop. 
Without  this  characteristic  symptom  of  wound  of  the  kidney,  the  diagnosis 
rests,  with  sufficient  certainty  to  warrant  exploration,  on  the  presence  of 
hematuria  and  regional  pain,  even  if  there  are  no  evidences  of  extravasa- 
tion of  blood  or  of  urine  in  the  loin.  Since  kidney  wounds  heal  promptly 
if  aseptic  or  if  they  are  made  so,  an  effort  must  be  made  to  close  the  wound 
by  suturing.  In  some  cases  a  single  or  double  purse-string  suture  may  be 
utilized. 

Gunshot  Wounds. — Of  these,  Keen  collected  nineteen  cases.  They 
occur,  of  course,  oftener  in  military  practice.  Eighty-five  are  recorded 
as  having  occurred  in  the  Civil  War  and  fifteen  in  the  P>anco-German 
War.  Gunshot  wounds  of  the  kidney  are,  as  a  rule,  associated,  par- 
ticularly in  military  practice,  with  lesions  of  other  intra-abdominal 
organs,  notably  the  stomach,  liver,  or  intestine.  In  woimds  entering 
anteriorly  such  a  complication  is  almost  inevitable.  In  wounds  from  the 
side  the  kidney  alone  may  be  injured.  The  woimds  may  involve  the  body 
of  the  kidney,  the  pelvis,  or  the  ureter.  Clean  wounds  of  the  body  of  the 
kidney,  particularly  near  the  border,  present  some  radiation,  but  may  not 
bleed  much.  Clotting  soon  occurs  in  the  wound  channel  and  the  vessels 
become  thrombosed.  When  the  pelvis  of  the  ureter  or  its  upper  portion 
is  injured  without  being  completely  severed,  extravasation  about  the 
kidney  and  hematuria  will  manifest  themselves.  When  the  primary 
or  even  larger  branches  are  injured,  very  severe  hemorrhages  may  occur 
within  the  peritoneum,  as  in  a  case  already  alluded  to,  or  behind  the 
kidney.  Secondary  changes,  usually  the  result  of  infection  in  the  kidney, 
and  surrounding  tissues,  may  occur,  as  after  traumata  of  the  kidney  from 
other  causes.  Secondary  hemorrhage  occurs  oftener  after  gimshot  than 
after  other  injuries  of  the  kidney.  The  symptoms  are  those  common  to 
subparietal  injuries  besides  those  dependent  upon  the  presence  of  an 
external  wound  and  upon  injury  to  other  organs.  Foreign  bodies,  like 
articles  of  clothing,  have  repeatedly  been  found  in  the  kidney,  and  may 
become  the  nucleus  of  a  stone  or  may  be  passed  into  the  bladder.  The 
prognosis  of  gunshot  wounds  has  been  improved  with  the  general  improve- 
ment of  surgical  cases.     During  the  American  Civil  War  the  mortality 
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was  69  per  cent.  In  the  Franco-Prussian  War  it  was  53  per  cent.  Ac- 
cording to  Kuster,  fifty  cases  in  civil  life,  mostly  pistol  wounds,  show  a 
mortality  of  26  per  cent. 

Treatment. — Gunshot  wounds  of  the  kidney  in  civil  practice  almost 
always  demand  exploration  on  accoimt  of  the  concomitant  injuries.  If 
there  are  no  signs  of  such  injuries,  conservatism  may  be  practised.  If 
the  direction  of  the  bullet  wound  would  indicate  that  only  the  kidney 
is  injured,  an  expectant  treatment  may  be  followed  unless  profuse  bleed- 
ing demands  exploration.  Only  in  this  case  is  a  lumbar  incision  to  be 
selected.  In  other  cases  the  incision  should  be  made  in  the  midline,  as 
affording  the  best  means  for  treating  conditions  as  they  are  found.  Neph- 
rectomy for  severe  lacerations  and  profuse  hemorrhage  may  be  performed 
transperitoneally.  In  milder  cases  the  treatment  consists  of  interrupted 
or  purse-string  suture  and  drainage  through  an  incision  in  the  loin.  In 
exposing  the  kidney  through  the  abdomen  care  must  be  taken  not  to 
injure  the  colonic  vessels,  lest  gangrene  ensue.  In  the  first  nephrectomy 
ever  performed  for  gunshot  wound  (Keen),  the  patient  died  after  two 
weeks  from  intestinal  gangrene  caused  by  an  injury  by  the  bullet  before 
it  struck  the  kidney. 

DISEASES  OF  THE  KIDNEY. 

Hydronephrosis. — ^Although  distention  of  the  pelvis  of  the  kidney 
with  the  interesting  feature  of  intermission  was  already  described  by 
Tulpius,  it  remained  for  Rayer  to  give  the  name  **  hydronephrosis"  to 
the  condition  of  retention  from  obstruction  at  some  point  below.  For 
retention  within  the  renal  pelvis,  infundibula,  and  calices,  which  is  always 
the  result  of  hydraulic  pressure  irrespective  of  the  nature  of  the  retained 
fluid,  whether  it  is  urine  and  pus  or  urine  and  blood,  the  term  *' sacciform 
kidney''  (Sackniere)  has  been  introduced  by  Kuster  and  *'nephrectasis" 
by  Morris.  The  latter  term  expresses  accurately,  as  does  the  term  gas- 
tree  tasia  for  the  stomach,  a  dilatation  of  the  pelvis  of  the  kidney  and  its 
tributaries  irrespective  of  cause.     In  so  much  it  merits  general  adoption. 

The  effect  on  the  kidney  of  obstruction  to  the  outflow  of  urine  varies 
according  to  the  rapidity  with  which  the  obstruction  is  produced,  whether 
it  is  complete  or  incomplete,  permanent  or  temporary.  Experimental 
research  by  Guyon,  Robinson,  and  Bradford  shows  conclusively  that 
partial  obstruction  gives  rise  to  hydronephrosis,  while  complete  obstruc- 
tion superv^ening  suddenly  is  followed  by  slight  distention  and  atrophy 
of  the  kidney.  Bradford,  experimenting  upon  dogs,  found  that  after 
complete  obstruction  of  the  ureter  the  kidney  would  regain  its  form, 
although  it  was  very  much  smaller  if  the  obstruction  was  removed  in 
from  ten  to  forty  days.  Sudden  and  complete  obstruction  inhibits 
excretion  and  diminishes  relatively  the  proportion  of  urea  and  of  the 
chlorids.  Complete  suppression  does  not  occur  in  incomplete  obstruction 
until  late,  if  at  all,  so  that  unless  the  obstruction  yields  from  time  to  time, 
enormous  distention  of  the  kidney  ensues.  The  size  of  the  hydroneph- 
rotic  kidney  varies,  therefore,  between  moderate  distention  of  the  pelvis 
and  retention  cysts  that  equal  in  size  large  ovarian  tumors.    With  the 
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increase  of  the  internal  pressure  the  papillae  are  gradually  flattened  and 
the  parenchyma  becomes  atrophic.  The  dilated  calices  appear  as  irregular 
cavities  communicating  with  each  other  through  the  dilated  pelvis,  but 
separated  from  each  other  by  septa,  which,  as  the  disease  progresses,  are 
absorbed,  so  that  in  long-standing  cases  a  unilocular  cyst  is  foimd,  the 
walls  of  which  are  made  up  of  a  thm  layer  of  atrophic  kidney  tissue. 

Etiology. — The  obstruction  which  causes  hydronephrosis  may  be 
congenital  or  acquired.  In  the  former  there  has  been  found  a  partial 
stenosis  of  the  ureter,  usually  at  its  proximal  end  or  in  its  intravesical 
portion.  According  to  Englisch,  it  occurs  in  equal  proportion  at  the  two 
extremities.  A  valve  formation  may  actually  be  formed  in  the  ureter, 
or  an  anomalous  high  insertion  of  the  latter  into  the  renal  pelvis  may 
have  the  same  effect.  When,  as  occasionally  occurs,  there  is  a  double 
pelvis  or  ureter,  the  hydronephrosis  may  be  limited  to  a  part  of  the  kidney. 
Malpositions  of  the  kidney,  together  with  kinking  or  contortion  of  the 
kidney,  may  produce  congenital  hydronephrosis.  An  anomalous  acces- 
sory renal  artery  given  off  from  the  aorta  and  crossing  behind  and  distrib- 
uted over  the  anterior  portion  of  the  lower  pole  may,  with  slight  mo- 
bility of  the  kidney,  give  rise  to  hydronephrosis.  Ekehom  has  recently 
permanently  relieved  this  condition  by  division  of  the  offending  branch 
between  two  ligatures. 

Acquired  hydronephrosis  may  find  its  cause  in  the  kidney  itself  or  in 
any  portion  of  the  urinary  tract.  Phimosis,  strictures  of  the  urethra, 
prostatic  hypertrophy,  and  tumors  of  the  bladder  are  potential  causes 
of  hydronephrosis.  In  all  of  these  cases  the  disease  is  probably  bilateral 
and  associated  with  extensive  dilatation  of  the  ureters.  A  tumor  or  a 
stone  in  the  pelvis  of  the  kidney  may  produce  renal  distention.  Ob- 
struction within  the  ureter  by  a  stone,  scar  formation,  or  sclerosing 
ureteritis  is  a  frequent  cause  of  hydronephrosis.  Obstruction  of  the 
ureter  from  without,  and  particularly  in  women  by  pelvic  tumors,  fre- 
quently causes  it.  Morris  foimd  this  cause  present  in  one  hundred  and 
sixteen  out  of  one  hundred  and  forty-two  cases.  There  were  two  cases 
of  cancer  of  the  ovary.  In  ninety-three  the  hydronephrosis  was  bilateral. 
By  displacing  the  kidney  scoliosis  may  produce  renal  retention. 

Finally,  movable  kidney  is,  next  to  pelvic  tumors,  the  most  common 
cause  of  this  condition.  Renal  mobility  means  an  abnormal  course  for 
the  ureter,  particularly  of  its  upper  portion,  which  is  less  adherent  to  the 
peritoneum  than  are  the  lower  segments.  Kinking  of  the  tube  can, 
therefore,  follow  easily,  and  may  lead  to  complete  obstruction.  With 
the  return  of  the  kidney  to  its  normal  position  the  hydronephrosis  dis- 
appears. To  this  intermittent  hydronephrosis  L.  Landau  has  directed 
attention.  Terrier  and  Tuffier  have  demonstrated  on  animals  this  effect 
of  movable  kidney.  As  a  rule,  movable  kidney,  even  with  well-marked 
renal  crises,  is  not  associated  with  hydronephrosis.  I  encountered  it 
twice  in  eighteen  operations.  In  a  certain  proportion  of  cases  the 
mobility  of  the  kidney  may  be  secondary  to  its  distention.  Bazy 
believes  this  to  be  the  usual  course.  Israel  has  shown  that  in  movable 
kidney  a  branch  of  the  renal  artery,  by  crossing  the  ureter,  may  cause  its 
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compression  and  produce  retention.  Trauma  occasionally  is  followed 
by  hydronephrosis.  Wagner  states  that  only  fifteen  cases  have  been 
reported.  The  condition  develops  after  traumatic  strictures  or  from  com- 
pression of  the  ureter  by  organized  perirenal  or  peri-ureteral  blood-clot. 

A  form  of  pseudohydronephrosis  may  result  from  injuries  of  the 
kidney  followed  by  perirenal  retention  cysts.  To  distinguish  this  from 
a  true  hydronephrosis  is  always  easy  at  the  time  of  operation. 

The  whole  or  part  of  the  kidney  may  participate  in  the  distention. 
Total  hydronephrosis  is  the  common  condition.  Partial  hydronephrosis 
is  seen  in  tumors,  in  stones  impacted  in  one  or  other  infundibulum,  or 
in  cases  of  double  ureter. 

Pathology. — In  the  beginning  of  a  total  hydronephrosis  the  pelvis 
and  its  tributaries  are  first  dis- 
tended and  the  renal  parenchy- 
ma, though  somewhat  thinned, 
appears  like  a  helmet  covering 
the  pelvic  pouch  and  forms  the 
smaller  part  of  the  tumor.  The 
papillae  are  more  or  less  flat- 
tened. When  more  extensive, 
the  parenchyma  and  pelvic  sac 
form  a  continuous  cyst  of 
rounded  form,  irregular  surface, 
and  multilocular.  With  the  con- 
tinuousness  of  the  obstruction 
the  cyst  wall  becomes  attenuated, 
the  interlobular  septa  become 
absorbed,  and  the  final  product 
of  the  condition  is  an  unilocular 
cyst.  In  this  cyst  wall,  accord- 
ing to  Landau,  vestiges  of  paren- 
chyma of  functional  capacity  are 
found  except  in  extreme  cases. 
Ayrer  maintains  the  same  view 
after   examining   four   hundred 

and  seventy-three  reported  cases,  of  which  in  only  eleven  was  there  a 
record  of  total  disappearance  of  kidney  tissue.  In  old-standing  cases 
the  cyst  wall  is  noted  for  the  firm  adhesions  which  attach  it  to  contiguous 
parts.  The  size  of  the  cyst  is  at  times  enormous.  In  one  case  36,000  c.c. 
of  fluid  were  removed  (Koenig).  With  the  development  of  the  cyst, 
neighboring  organs  are  compressed  or  displaced  and  death  ensues  from 
pressure  on  the  diaphragm. 

The  ureter  always  participates  in  the  distention  above  the  constriction. 
Often  it  is  as  large  as  the  finger,  and  in  exceptional  cases  it  has  been  found 
as  large  as  the  small  intestine.  When  valve  formation  due  to  high  inser- 
tion of  the  ureter  is  the  cause  of  the  hydronephrosis,  the  ureter  is  almost 
invariably  found  in  close  relation  with  the  anterior  wall  of  the  sac  and  near 
its  median  margin. 


Fig.  123. — Hydronephrosis. 
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The  contents  of  an  aseptic  hydronephrosis  are,  as  a  rule,  limpid  and 
clear,  of  low  specific  gravity,  and  in  the  beginning  of  uriniferous  odor. 
As  the  atrophy  of  the  parenchyma  progresses  in  old-standing  cases  the 
likeness  to  urine  gradually  is  lost.  In  many  cases  hemorrhage  into  the 
sac  changes  the  appearance  of  the  contents. 

Symptoms  and  Prognosis. — The  course  of  hydronephrosis  varies 
even  in  the  individual  case  according  to  the  patency  or  the  occlusion  of 
the  ureter.  As  long  as  the  ureter  is  open  from  time  to  time  the  renal 
distention  may  diminish  or  disappear  entirely,  later  to  recur.  In  other 
cases  drainage  from  the  pelvis  is  continuous  but  insufficient.  In  them 
distention  occurs  notwithstanding  the  continued  discharge  of  some  urine 
into  the  bladder.  For  these  the  terms  ** intermittent"  and  '*open" 
hydronephrosis  may  be  used,  whereas  the  term  **  closed"  hydronephrosis 
is  reserved  for  cases  in  which  the  obstruction  is  permanent.  Hydrone- 
phrosis may  for  a  long  time  run  an  aseptic  course  and  not  give  rise  to 
symptoms.  In  cases  in  which  the  disease  is  bilateral  death  generally 
ensues  from  uremia  even  before  a  well-marked  tumor  shows  itself.  With 
the  excessive  growth  of  the  cyst  from  complete  obstruction  there  arises 
the  danger  of  rupture  into  the  peritoneum  or  some  contiguous  organ. 
The  chief  danger  lies  in  the  possibility  of  infection  and  of  general  sepsis. 
If  the  infection  is  less  virulent  and  the  hydronephrosis  an  open  one,  the 
disease  may  be  protracted.  Rupture  of  a  hydronephrosis  from  tramna 
has  been  recorded  in  nine  cases  by  Oehne.  Eight  cases  were  operated 
upon.  Of  three  transperitoneal  nephrectomies,  two  died;  of  four  lum- 
bar, one  died.  One  nephrectomy  performed  by  the  combined  method 
was  followed  by  death. 

A  small  hydronephrosis  may  produce  no  symptoms.  In  diseases  of  the 
lower  urinary  tract,  when  uremic  symptoms  develop,  examination  may  re- 
veal an  enlargement  of  the  kidney.  In  other  cases  the  appearance  of  a  swell- 
ing in  the  region  of  the  kidney,  either  oblong  or  round,  with  a  fairly  smooth 
surface  and  perhaps  altogether  painless,  is  the  first  indication  of  "a  hydro- 
nephrosis. In  its  earlier  stages  it  is  frequently  possible  to  distinguish  by 
palpation  the  firmer  portions  of  the  kidney  parenchyma  from  the  softer 
and  fluctuating  distended  pelvis  nearer  the  midline.  In  some  cases,  par- 
ticularly those  associated  with  movable  kidney,  ballottement  is  feasible. 
The  percussion  note  of  the  tumor  is  flat.  Below  and  within,  the  limit  of 
the  enlargement  is  shown  by  the  tympanitic  intestinal  note.  Fluctuation 
is  demonstrable  in  proportion  to  the  size  of  the  cyst.  In  extreme  distention 
the  wave  may  be  as  distinct  as  that  of  an  ascites  or  a  unilocular  ovarian  cyst. 

Pain,  if  present  at  all,  may  be  of  a  dull  aching  character  or  decidedly 
paroxysmal.  The  latter  symptom  belongs  particularly  to  the  intermit- 
tent form. 

The  urine  may  be  perfectly  normal.  It  may  vary  remarkably  in 
quantity.  In  some  cases  by  pressure,  as  from  an  examination,  the  hydro- 
nephrotic  cyst  may  in  part  be  emptied.  Sometimes  in  the  intermittent 
type  hematuria,  often  quite  profuse,  follows  after  a  period  of  occlusion, 
as  shown  by  renal  colic.  When  pyuria  occurs,  it  shows  that  the  hydro 
nephrosis  has  become  infected. 
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The  differential  diagnosis  is  difficult  only  in  rather  extreme  cases. 
It  has  most  often  been  mistaken  for  an  ovarian  cyst  and  for  encysted 
ascites.  Enlargements  of  the  gall-bladder  have  also  been  mistaken  for 
hydmnephrosis.  Although  differential  diagnosis  can  in  most  cases  be 
made  by  an  aspiration  and  examination  of  the  fluid,  it  is  better  to  estab- 
lish the  diagnosis  by  an  exploratory  incision.  Cystoscopic  examination 
with  ureteral  catheterization,  if  need  be,  will  almost  to  a  certainty  pre- 
vent an  error  of  diagnosis. 

Treatment. — Since  Trendelenburg  in  1886  reported  the  firat  plastic 
operation  on  the  pelvis  of  the  kidney  for  hydronephrosis,  the  tendency 
has  been  growing  toward  conservatism  when  the  parenchyma  of  the  gland 
is  capable  of  good  function.  If,  however,  little  kidney  tissue  is  left, 
and  if  the  retention  tumor  be  very  large  or  the  obstruction  cannot  be 
relieved,  nephrectomy  must  be  done  if  the  other  kidney  is  normal.  It 
ought  rarely  be  primary.  To  determine  between  a  conservative  and 
radical  procedure,  the  functional  capacity  of  the  distended  kidney  should 
be  established.  If  the  excretion  is  of  low  specific  gravity  and  poor  in 
urea,  the  conservatism  of  the  kidney  is  not  of  sufl^cient  importance  to 
warrant  repair  operations.  When  a  fistula  remains  after  a  nephrotomy, 
the  functional  capacity  is,  of  course,  easily  determined.  Catheterization 
of  the  ureter  has  been  used  to  stretch  a  stricture  and  the  catheter  has  in 
some  cases  been  allowed  to  remain  for  a  considerable  length  of  time. 
Some  good  results  have  been  achieved.  If  it  can  be  determined  that  the 
hydronephrosis  is  secondary  to  some  pelvic  disease,  this  rather  than  the 
hydronephrosis  must  be  made  the  object  of  operation.  Aspiration  of  the 
hydronephrosis,  formerly  largely  practised,  is  now  reserved  for  palliation 
of  severe  cases  causing  pressure  symptoms  and  in  bilateral  cases  with 
anuria. 

In  the  hydronephrosis  of  intermittent  type,  and  perhaps  those  due  to 
movable  kidney,  massage,  properly  used,  with  a  retentive  bandage,  may 
be  of  service.  Except  when  nephrectomy  is  indicated  by  conditions 
already  stated,  the  operation  is  directed  against  the  cause.  If  this 
should  be  found  to  be  a  movable  kidney,  nephropexy  only  is  to  be 
practised.  In  most  other  cases  the  hydronephrotic  sac  must  be  opened 
to  determine  the  site  and  nature  of  the  obstruction.  If  it  be  a  stone 
in  the  ureter,  a  condition  which  can  almost  always  be  recognized  before 
operation,  it  must  be  removed.  As  a  preliminary  to  all  further  operative 
procedures,  nephrotomy  is  the  first  step.  In  many  cases  a  number  of 
successive  operations  may  be  demanded  before  the  condition  is  perma- 
nently cured. 

In  fully  one-third  of  the  cases  the  mere  nephrotomy  with  drainage 
cures  the  condition  without  a  fistula  remaining,  even  if  the  obstruction 
is  not  found.  The  incision  into  the  kidney  or  its  dilated  pelvis,  exposed 
through  an  adequate  lumbar  incision,  must  be  long  enough  to  allow  the 
free  inspection  and  palpation  of  the  interior  of  the  sac,  and  the  finding 
and  the  catheterization  of  the  ureter  from  above,  if  this  is  possible.  In 
very  large  sacs  this  is  often  impossible,  and  '*it  becomes  necessary  after 
the  establishment  of  a  fistula  to  wait  for  two  or  three  months  until  the 
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sac  has  diminished  in  size  before  further  operating  for  the  obstruction 
can  be  done"  (Fenger). 

For  obstruction  of  the  ureter  at  or  near  the  pelvic  insertion  the  fol- 
lowing methods  have  been  practised:  First,  division  of  the  valve-like 
spur  between  the  ureteral  lumen  and  the  dilated  pelvis.  Second,  division 
of  the  obstructing  valve  by  a  longitudinal  incision  and  transverse  suturing, 
as  in  the  pyloroplasty  of  Heineke-Mikulicz.  Third,  resection  of  the  ureter 
with  direct  implantation  of  the  lower  end  into  the  lowest  part  of  the 
dilated  pelvis.  Fourth,  the  establishment  of  a  lateral  anastomosis  be- 
tween the  ureter  and  the  dilated  pelvis.  This  operation  of  ureteropyelo- 
anastomosis  was  first  practised  by  Albarran  in  1898.  Out  of  five  cases, 
four  were  successful.  Fifth,  reduction  in  size  of  the  dilated  pelvis  (jyyelo- 
plication)  by  the  infolding  of  its  walls  by  Lembert  suturing.  The  opera- 
tion is  similar  to  that  of  gastroplication.  By  a  number  of  operators  this 
infolding  of  the  renal  pelvis  has  been  combined  with  one  or  other  of  the 
operations  above  mentioned.  Sixth,  the  reduction  in  size  of  the  dilated 
pelvis  by  more  or  less  extensive  resection.  This  constitutes  the  *  *  capiton- 
nage*'  of  Albarran.  This  operation,  like  the  former,  has  in  a  nimiber  of 
cases  been  combined  with  operations  on  the  valves. 

Fenger  collected  thirty  cases  of  plastic  operations  for  hydronephrosis. 
Many  operations  have  since  been  reported  by  many  surgeons,  and  ex- 
cept in  closed  hydronephrosis  of  long  standing,  a  secondary  nephrectomy, 
on  account  of  failure  of  conservative  measures,  became  necessary  in  less 
than  20  per  cent,  of  the  cases  reported. 

Suppuration  of  the  Kidney  (Pyelitis;  Pyelonephritis  {Surgical 
Kidney);  Pyonephrosis:  Abscess  of  the  Kidney). — Suppurative  inflam- 
mation of  the  kidney  may  involve  the  pelvis  and  the  renal  parenchyma 
or  both  together  or  consecutively.  The  process  is  always  of  bac- 
terial origin,  the  infection  being  either  hematogenous  and  descending, 
or  urogenous  and  ascending.  Suppuration  in  the  kidneys  from  direct 
blood  infection  may  follow  in  the  wake  of  any  of  the  acute  infections  or 
after  local  and  seemingly  insignificant  affections,  like  furunculosis  or 
tonsillar  abscess.  Hematogenous  infections  of  the  mildest  type  may 
involve  only  the  lining  of  the  pelvis,  as  in  the  mild  pyelitis  which  follows 
typhoid.  In  most  instances  hematogenous  infections  produce  suppura- 
tions first  in  the  parenchyma,  from  which  the  process  extends  to  the 
excretory  mechanism,  the  calices,  and  the  pelvis.  The  imbroken  pelvic 
lining  resists  infection.  When  the  surface  has  been  eroded,  as  by  the 
presence  of  an  irregular  stone,  the  infection  which  occurs,  producing 
suppurative  pyelitis,  is  in  reality  hematogenous. 

As  a  fruitful  source  of  hematogenous  renal  suppuration  the  common 
colon  bacillus  has  recently  been  recognized.  Especially  in  children, 
Heubner  and  Baginsky  have  sho\\Ti  that  diseases  of  the  intestine  are  prone 
to  produce  renal  suppuration. 

In  renal  suppurations  of  the  ascending  type  the  area  of  infection  is,  as 
a  rule,  in  the  lower  urinary  tract.  A  stricture,  chronic  cystitis,  or  an 
enlarged  prostate,  by  deforming  the  ureteral  orifice  and  rendering  it  in- 
competent, will  permit  the  upward  development  of  an  infection  through 
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the  ureter  or  through  the  lymph-channels  in  and  without  its  walls.  In 
women  the  cystitis  of  pregnancy  and  of  the  puerperium  is  especially 
important  as  a  factor  of  pyelitis.  Both  in  men  and  women  gonorrheal 
infection  plays  a  prominent  role. 

Although  renal  suppuration,  which  follows  disease  of  the  lower  urinary 
tract,  is  as  a  rule  ascending  in  type,  it  may  be  hematogenous  and  conveyed 
to  the  kidney  through  the  blood-current,  as  from  suppurative  processes 
remote  from  the  urinary  tract. 

From  what  has  been  stated,  renal  suppuration  is  produced  by  a  great 
variety  of  micro-organisms.  The  common  colon  bacillus  is  the  one  most 
frequently  found,  and  is  believed  by  Guyon  and  his  followers  to  play  the 
chief  role  in  infections  of  the  upper  uinnary  tract.  Rovsing,  on  the  other 
hand,  believes  that  it  is  rather  innocuous,  producing  bacteriuria,  and  by 
itself  never  produces  destructive  changes  in  the  kidney.  As  a  matter 
of  fact,  these  are,  as  a  rule,  the  result  of  mixed  infections  in  which  in  the 
individual  case  varied  cultures  can  be  produced  from  the  pus  removed 
from  the  kidney  by  operation. 

Pathology. — ^The  appearances  produced  by  renal  suppuration  vary 
much  according  to  their  origin  and  to  the  degiee  of  patulousness  of  the 
lower  urinary  tracts.  Hematogenous  pyeUtis  as  it  is  sometimes  ob- 
served after  the  acute  infections  can  hardly  be  said  to  have  knoiMi  path- 
ology, since  deaths  from  it  are  exceedingly  rare.  In  the  hematogenous 
pyelonephritis  involvuig  primarily  the  renal  parench3nna  the  disease  first 
manifests  itself  as  multiple,  minute  abscesses  in  the  cortex,  giving  to  the 
surface  of  the  kidney  an  irregular  rough  appearance.  As  the  process 
continues,  fusion  of  these  foci  takes  place,  and  if  the  medullary  portion 
was  not  primarily  involved,  this  participates  in  the  course  of  time, 
and  eventually  the  pelvis  becomes  infected.  Frequently  a  single  large 
infarct  may  cause  a  single  abscess.  Very  frequently  the  disease  is  bi- 
lateral. 

In  the  ascending  form  the  infection  within  the  ureter  and  urinary 
stasis  in  the  pelvis  have  generally  already  caused  a  distention  of  the  pel- 
vis. From  here  the  infection  spreads  to  the  pyramids,  where  a  number  of 
suppurating  foci  may  develop  and  eventually  coalesce.  As  a  rule,  the 
obstruction  causes  the  pelvis  and  calices  to  become  dilated.  The  papillae 
become  flattened  and  atrophied  by  pressure  and  the  cortex  is  narrowed; 
and  the  kidney  as  a  whole  becomes  converted  into  a  multilocular  pus-sac. 
In  rare  instances  the  sac  wall  becomes  calcified. 

In  traumatic  cases  the  suppuration  is  limited  to  the  injured  portion  of 
the  kidney  and  usually  presents  itself  as  a  solitary  abscess. 

Pyonephrosis  is  a  dilatation  of  the  pelvis  and  calices  of  the  kidney 
with  pus  or  pus  and  urine.  The  dilatation  and  suppuration  rgay  have 
progressed  together.  An  uronephrosis  may  at  any  time  by  infection 
become  a  pyonephrosis.  An  obstruction  of  the  outflow  in  any  form  of 
renal  suppuration  will  eventuate  in  pyonephrosis.  While  a  stone  is  the 
most  potential  of  all  the  causes  of  pyonephrosis  due  to  obstruction,  the 
condition  may  result  from  obstruction  by  tubercular  detritus  or  from  an 
ulcerative  ureteritis.    The  pyonephrosis  complicating  pregnancy  usually 
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appears  about  the  fifth  month  and  is  almost  always  on  the  right  side  on 
account  of  the  inclination  to  the  right  of  the  gravid  uterus. 

In  every  form  of  renal  suppuration  perforation  of  the  pelvis  or  cortex 
and  secondary  involvement  of  the  contiguous  tissues,  preferably  the 
perinephric  areolar  layers,  may  occur.  In  renal  suppuration,  as  has 
already  been  seen,  we  have  the  most  frequent  cause  of  perinephric  ab- 
scess. 

Symptoms. — ^Acute  hematogenous  pyelitis  without  involvement  of  the 
parench)rma  usually  begins  with  chills  and  high  fever.  The  urine  con- 
tains pus,  bacteria,  and  some  few  red  cells.  Palpation  generally  reveals 
some  tenderness  of  the  kidney,  and  thamuria,  a  not  infrequent  sjrmptom, 
first  directs  attention  to  the  condition.  This  pyelitis  may  disappear  in 
the  course  of  ten  days  or  two  weeks  or  may  assume  a  chronic  form  without 
producing  any  constitutional  manifestations.  Chronic  pyelitis  may  con- 
tinue for  years  without  impairing  the  functional  capacity  of  the  kidney. 
When  the  hematogenous  infection,  as  it  usually  does,  affects  the  kidney 
parenchyma  as  well  as  the  pelvis,  the  symptoms  are  much  severer.  Fre- 
quently the  patient  rapidly  succimibs  with  all  the  symptoms  of  uremia. 
In  less  acute  cases,  when  it  comes  to  the  formation  of  single  or  multiple 
abscesses,  the  general  manifestations  of  suppuration,  with  fever  of  con- 
tinuous or  remittent  t3T>e,  and  recurrent  rigors  are  present. 

The  ascending  forms  of  pyelonephritis  are,  as  a  rule,  ushered  in  with 
rigors,  high  fever,  and  marked  tendency  to  collapse.  Pain  and  tenderness 
in  the  region  of  the  kidney  are  early  symptoms,  and  in  most  cases  bimanual 
examination  will  early  reveal  some  enlargement  of  the  gland.  In  rapidly 
progressive  cases  the  patient  sinks  into  a  typhoid  state  with  deliriimi  and 
coma. 

Pyonephrosis,  in  contradistinction  to  suppurating  pyelonephritis, 
runs  a  more  protracted  course.  Its  earlier  symptoms  are  those  of  the 
cause  of  the  obstruction,  whether  it  is  a  calculus,  tuberculosis,  prostatic 
disease,  or  cystitis.  In  regard  to  the  latter  it  should  be  borne  in  mind 
that  vesical  symptoms  are  often  produced  by  primary  suppuration  in  the 
kidney. 

In  addition  to  the  general  symptoms  of  renal  suppuration,  pyoneph- 
rosis always  presents  a  tumor  varying  greatly  in  size  in  different  cases^ 
and  often  in  the  same  patient  at  different  times.  As  in  hydronephrosis, 
although  to  a  less  degree,  a  distinct  intermittence  of  symptoms  may  come 
with  drainage  of  the  retained  uro-pus  through  the  ureter.  Large  dis- 
charges of  pus  at  irregular  intervals  are  distinctive  of  pyonephrosis,  in 
contradistinction  to  pyelonephritis. 

The  urine  in  suppuration  of  the  kidney  and  its  pelvis  requires  careful 
study  and  interpretation.  While  in  local  circumscribed  cortical  lesions 
it  may  be  normal,  in  all  other  conditions  except  a  closed  pyonephrosis 
it  contains  pus  and  the  respective  bacteria  which  have  produced  it.  The 
club-shaped  and  laminated  epithelia  so  often  found  are  not  characteristic, 
for  they  belong  to  the  deeper  vesical  layers  as  well.  Pus-cells  in  the  form 
of  casts  indicate  parenchymal  involvement.  Polyuria  is  not  caused  by 
disease  of  the  bladder.     It  occurs  in  pyelitis  with  the  involvement  of  the 
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pyramids  by  which  resorption  is  decreased  and  the  total  quantity  of 
urme  proportionately  increased.  The  probability  that  the  suppuration 
is  of  the  renal  parenchyma  occurs  when  the  albumin  found  in  the  bladder 
urine  is  in  excess  of  that  due  to  pus,  and  the  absence  of  casts  makes  it 
fairly  certain  that  there  are  no  non-suppurating  inflanmiatory  or  degen- 
erative changes. 

Treatment. — Pyelitis  as  it  occurs  after  the  acute  infections  is  treated 
by  the  internal  administration  of  urotropin,  benzoate  of  soda,  and  the 
flushing  of  the  kidney.  Similar  medication  is  indicated  in  pyelonephritis 
until  some  enlargement  of  the  kidney  indicates  pus  retention.  In  chronic 
pyelitis,  whether  produced  by  the  colon  bacillus  or  gonococcus,  some 
excellent  results  have  been  achieved  by  irrigating  the  renal  pelvis  through 
a  ureteral  catheter  with  mild  solutions  of  protargol  or  of  the  nitrate  of 
silver. 

The  prophylaxis  of  pyelonephritis  is  of  paramount  importance,  since 
in  the  ascending  type  it  follows  septic  infection  of  the  lower  urinary  tracts. 
The  utmost  care  regarding  asepsis  is  imperative  in  all  examinations  of 
and  operations  on  the  lower  urinary  tract,  if  ascending  pyelonephritis 
is  to  be  averted. 

When  enlargement  of  the  kidney  indicates  pus  retention,  the  surgical 
ubi  pus  ebi  evacua  must  be  followed.  In  severe  cases  of  pyelonephritis, 
even  bilateral,  some  remarkable  results  have  followed  splitting  of  the 
kidney  through  a  lumbar  incision.  In  unilateral  septic  nephritis,  nephrec- 
tomy was  performed  first  by  Woodward  in  1895.  Nephrotomy,  accord- 
ing to  Eisendrath,  was  performed  in  thirty-four  cases,  with  twenty-eight 
recoveries,  and  in  twenty-seven  of  nephrectomy  there  were  twenty-five 
recoveries.  When  there  is  any  question  as  to  the  condition  being  unilateral 
nephrotomy  is  the  only  justifiable  procedure. 

Abscesses  drained  in  the  same  way  have  a  distinct  tendency  to  re- 
cover. Primary  nephrectomy  is  rarely  indicated  here.  Pyonephrosis 
must  be  treated  according  to  the  primary  cause,  the  condition  found,  and 
the  functional  capacity  of  the  other  kidney.  When  the  latter  is  in  doubt 
or  there  is  hope  of  saving  the  kidney,  nephrotomy  is  indicated.  The 
incision  must  be  ample  for  drainage.  Bisection  of  the  gland  with  fixa- 
tion of  the  two  halves  of  the  lips  of  the  wound  should  be  practised,  as 
advised  by  Guyon  andAlbarran,  who  have  applied  the  term ''nephrostomy" 
to  the  procedure.  Nephrotomy  for  pyonephrosis  has  a  large  mortality. 
Of  seventy-eight  nephrotomies,  exclusive  of  tuberculosis,  collected  by 
me  a  few  years  ago,  seventeen  were  followed  by  death.  Israel  placed  the 
mortality  at  40  per  cent.  After  nephrotomy  a  secondary  nephrectomy 
often  becomes  necessary.  This  should  be  done  as  soon  as  the  sound  condi- 
tion of  the  other  kidney  is  established,  and  if  it  is  evident  that  a  plastic 
operation  cannot  save  the  kidney.  Long  delay  of  the  nephrectomy  is 
dangerous.  Of  seventeen  secondary  nephrectomies  I  found  seven  recov- 
eries and  ten  deaths.  For  secondary  nephrectomies  for  pyonephrosis, 
Israel  gives  a  mortality  of  50  per  cent. 

The  supposed  advantage  of  nephrotomy  that  permits  its  easy  and 
complete  separation  of  the  urine  is  apparent  only.    Unless  there  is  com- 
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plete  occlusion  some  of  the  excretion  of  the  kidney  comes  into  the  bladder, 
and  other  means  of  establishing  the  condition  of  the  kidney  must  still  be 
resorted  to.  Pinner  has  suggested  the  tamponing  of  the  upper  end  of  the 
ureter  with  a  catheter  to  produce  such  temporary  occlusion. 

Primary  nephrectomy  for  pyonephrosis  I  have  found  to  have  a  mor- 
tality of  24  per  cent,  in  thirty-seven  cases  collected  by  me  a  few  years 
ago.  This  mortality  has  been  largely  reduced  by  improved  technic. 
Primary  nephrectomy  is  indicated  in  pyonephrosis  when  there  is  a  sotmd 
second  kidney,  and  when  inspection  of  the  pus-sac  shows  many  or  large 
pouches  that  cannot  be  successfully  drained;  when  there  is  little  kidney 
tissue  left;  when  an  examination  of  the  pelvis  and  proximal  f)ortion  of 
the  kidney  makes  it  reasonably  certain  that  a  return  to  the  normal  can- 
not take  place;  in  perinephric  suppuration  where  the  kidney  may  act  as  a 
valve,  impeding  successful  drainage. 

Renal  Fistula. — As  a  sequel  of  suppuration  within  the  kidney  and 
perinephric  abscess,  renal  fistulae  remain  in  a  very  considerable  pro- 
portion of  cases.  The  blocking  of  the  upper  end  of  the  ureter  by  a  stone 
or  by  valve  formation  due  to  distention  of  the  pelvis  from  ureteritis  or 
compression  of  the  ureter  from  without  gives  rise  to  a  continuance  of  a 
renal  fistula  through  which  pus  and  a  greater  or  less  quantity  of  urine  are 
discharged.  These  fistute  sometimes  continue  indefinitely  and  are  a  source 
of  great  annoyance.  Although  the  wearing  of  a  properly  adjusted  re- 
ceptacle may  mitigate  the  condition,  every  effort  must  be  made  to  restore, 
by  operation  within  the  pelvis  or  above  the  ureter,  the  normal  course  for 
the  urine.  When  plastic  operations  fail,  nephrectomy  is  indicated.  In 
old-standing  cases,  however,  of  renal  fistula,  the  difficulties  of  the  operation, 
by  reason  of  very  extensive  adhesions,  are  very  great.  Under  these  cir- 
cumstances the  ligation  of  the  renal  vessels  may  be  attempted,  as  in  a  very 
interesting  case  recently  reported  by  Mr.  Holt,  in  which,  after  several 
attempts  at  nephrectomy,  the  sinuses  were  permanently  closed  by  tying 
the  renal  vessels  through  an  abdominal  incision. 

Tuberculosis. — Miliary  tuberculosis  affects  the  kidneys  in  general 
dissemination  of  the  disease  and  is  always  bilateral.  It  causes  no 
clinical  symptoms  and  never  assumes  surgical  significance.  In  con- 
tradistinction to  this  form  is  the  chronic,  nodular,  caseating,  and  ulcerat- 
ing tuberculosis  or  scrofulous  kidney  of  older  writers,  which,  as  surgery 
first  demonstrated,  is  as  a  rule  hematogenous  in  character  and  unilateral, 
and  for  a  long  time  limited  to  the  kidney  alone.  The  right  kidney  is 
slightly  oftener  affected  than  the  left.  Autopsy  reports  show  that 
unilateral  disease  occurs  alx)ut  as  often  as  bilateral.  This  bespeaks  the 
limitation  of  the  disease  to  one  side,  at  least  in  tlie  beginning.  Miliary 
tuberculosis  occurs  oftenest  in  children;  surgical  tuberculosis,  in  early 
adult  life. 

Etiology. — Cohnheim  in  1882  first  demonstrated  the  hematogenous 
nature  of  renal  tuberculosis;  that  the  kidney  is  an  eliminator  of  the 
tubercle  bacillus  and  that  its  localization  within  it  is  the  cause  of  the 
disease.  Until  Steinthal  in  1885  showed  from  autopsy  records  that  in 
one-half  of  twenty-four  cases  the  process  began  in  the  kidney,  renal 
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tuberculosis  was  generally  considered  as  a  sequel  to  disease  of  the  testicle, 
the  vas,  the  prostate,  or  the  bladder.  That  it  often  is  simply  a  factor  of 
urogenital  tuberculosis  is  shown  by  Heiber,  who  found  the  proportion  to 
be  twenty-nine  primary  to  fifty-five  secondary  and  of  urogenital  origin. 
The  separation  of  the  genital  and  urinary  tracts  almost  eliminates  in 
women  the  latter  form.  Yet  from  a  study  of  the  operations  of  Morris, 
nineteen  were  in  females  and  only  six  in  males.  Of  Fackham's  table  of 
one  hundred  and  three  cases,  seventy-three  occurred  in  women.  Of  my 
own  fourteen  cases,  eight  occurred  in  women.  This  is  a  potent  argument 
in  favor  of  the  primary  nature  of  renal  tuberculosis  and  that  in  most 
cases  it  pursues  a  descending  rather  than  an  ascending  course.  When 
both  kidneys  are  involved,  one  gland  is  usually  more  diseased  than  the 
other,  and  the  one  may  show  the  primary  and  the  other  the  ascending  or 
secondary  type  of  disease. 

Ascending  miliary  tuberculosis  has  been  experimentally  produced  by 
Albarran  and  others,  but  only  after  the  ureter  has  been  obstructed,  a 
condition  which  is  somewhat  like  that  following  infection  of  the  prostate 
and  bladder  when  the  primary  focus  is  in  the  testicle  or  seminal  vesicle. 
Tuberculosis  by  ascent  is  possible  through  the  intramural  or  peri-ureteral 
lymphatics.  The  infection  does  not  spread  against  the  excretory  current 
any  more  in  the  ureter  than  in  the  vas  deferens. 

Israel  in  four  cases  observed  the  simultaneous  involvement  of  the 
kidney  and  the  epididymis,  the  pleura,  or  the  spine.  As  a  rule,  the  cap- 
sule protects  the  gland  from  infection  from  without. 

Pathology. — In  specimens  secured  by  operation  tuberculosis  of  the 
kidney  usually  appears  in  the  caseating  form.  The  kidney,  as  a  rule 
more  or  less  enlarged,  presents  on  section  a  number  of  irregular  cavities 
varying  in  size  and  lined  with  a  granulation  tissue  of  worm-eaten  appear- 
ance (Plate  III).  Disseminated  through  the  cut  surface  appear  small  and 
large  nodules  in  various  stages  of  softening.  The  nodules  vary  in  size  from 
a  pea  to  an  olive.  Often  anumber  of  small  tubercles  are  arranged  about  one 
of  larger  size.  If  a  secondary  pus  infection  has  taken  place,  the  kidneys 
may  present  the  appearance  of  an  ordinary  pyonephrosis,  from  which  it 
can  only  be  distinguished  by  microscopic  study.  In  rare  instances  the 
kidney  is  reduced  in  size,  presenting  between  the  nodules  firm  bands  of 
fibrous  tissue,  a  condition  similar  to  the  fibroid  phthisis  of  the  lungs. 
These  cases  pursue  a  very  chronic  course.  Frequently  the  first  localiza- 
tion of  the  disease  can  be  seen  between  the  pyramids  and  the  cortex, 
from  which  it  extends  toward  the  pelvis  or  the  capsule,  or  both. 

Early  operations  relatively  often  show  the  process  limited  to  one  pole. 
Partial  resections  have  been  based  on  this.  In  a  specimen  recently 
removed  by  the  writer,  the  upper  pole  alone  seemed  involved.  An  ex- 
amination after  the  operation  showed  the  lower  pole  to  contain  three 
nodules  potential  of  later  trouble,  if  a  resection  had  been  done.  The 
localization  in  one  pole  may  be  explained  by  the  observation  published 
in  1899  by  Zondeck,  that  the  lower  pole  often  receives  a  separate  arterial 
supply  from  the  aorta. 

With  the  involvement  of  the  capsule  and  perirenal  tissues,  perinephri- 
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tis  of  caseating  or  suppurating  form  often  follows.  In  cases  of  long  stand- 
ing the  perinephritis  assumes  the  sclerosing  form.  Chronic  sinuses  with 
purulent  or  uropurulent  discharges  often  result  from  the  invasion  of  the 
retrorenal  connective-tissue  planes. 

Israel  describes  a  rarer  form  of  tuberculous  ulceration  of  the  apices  of 
the  papillae,  the  pelvic  mucosa  and  ureter  remaining  intact.  In  these 
cases  profuse  hematuria  is  likely  to  occur  before  there  is  any  marked 
enlargement  of  the  gland.     In  every  advanced  renal  tuberculosis  the 


Fia   124. — Tuberculosis  or  Kidney  showing  the  Descending  Process  or  the  Infection 

(Lower). 

The  pelvis  and  upper  part  of  ureter  contain  many  tuberculous  ulcers  which  gradually  become  less, 

entirely  disappearing  in  the  lower  portion  of  the  ureter. 


ureter  is  involved.  The  process  is  most  marked  in  the  upper  segment 
in  the  primary  form  and  appears  as  small  tuberculous  nodules  and  ulcera- 
tions (Fig.  124).  The  ureter  may  be  greatly  thickened  and  stenotic, 
thereby  causing  renal  retention.  The  bladder  wall  about  the  ureteral 
orifice  in  most  cases  shows  a  tuberculous  cystitis. 

Symptoms. — How  long  tuberculosis  may  remain  latent  in  the  kidney 
cannot  be  determined.  Until  a  caseating  focus  breaks  into  the  pelvis 
or  until  tension  in  the  capsule  gives  rise  to  pain  or  tumor,  there  may  be 
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nothing  to  indicate  its  presence.  The  earlier  symptoms  are,  as  a  rule, 
vesical.  Thamuria,  chiefly  nocturnal,  vesical  tenesmus,  and  polyuria,  in 
the  order  named,  are  generally  the  early  clinical  signs.  Micturition  is, 
as  a  rule,  not  painful  until  the  bladder  wall  has  been  seriously  affected. 
Every  cystitis  that  is  not  gonorrheal,  the  result  of  instrumentation, 
trauma,  or  stone,  must  be  looked  upon  with  suspicion,  especially  in  the 
young. 

The  urine  at  an  early  stage  is  turbid  and,  as  a  rule,  of  Ught  specific 
gravity.  Careful  and  repeated  examination  by  centrifuging  or  sedimen- 
tation in  conical  glass  wall  frequently  demonstrate  the  bacillus.  In  nega- 
tive cases  inoculation  experiments  may  be  made.  Shreds  of  detritus 
will  often  be  found  in  the  urine,  in  which  the  microscope  may  reveal  con- 
nective-tissue fibers.  Hematuria  occurs  often.  Sometimes  the  disease 
is  ushered  in  by  hematuria,  which  rarely,  however,  is  profuse  as  in  neo- 
plasms. As  a  rule,  it  is  slight,  even  microscopic,  irregular  and  capricious 
in  its  appearance  and  duration. 

Until  secondary  infection  with  pus-formers  results  there  is  usually 
Uttle  fever,  although  the  usual  constitutional  symptoms  of  the  disease 
progressively  develop.  Renal  coUc  from  obstruction  is  not  as  pronounced 
as  it  is  in  stone. 

A  tumor  distinctly  palpable  and  tender  on  pressure  presents  itself 
early.  The  enlargement  is  rarely  great  until  a  condition  of  pyonephro- 
sis exists.  Variation  in  size  of  the  swelUng  coincident  with  painful  renal 
crises  is  not  unusual. 

If  the  disease  is  not  arrested,  its  course  is  fatal  in  from  two  to  four 
or  five  years,  from  extension  of  the  disease  to  the  bladder  and  the  other 
kidney.  Acute  nephritis  with  uremia  sometimes  causes  death  at  an 
earlier  period.  The  diagnosis  of  renal  tuberculosis  must  ordinarily  be 
made  from  stone  in  the  kidney  and  from  disease  of  the  bladder.  Sufficient 
has  been  said  elsewhere  of  the  importance  of  cystoscopic  examination  and 
separation  of  the  urines  for  this  purpose.  There,  too,  attention  has  been 
called  to  the  importance  of  determining  whether  both  kidneys  are  involved 
and  whether  the  functional  capacity  of  the  one  gland  will  be  equal  to 
double  work  in  the  event  of  its  fellow  being  removed.  A  thorough  exami- 
nation of  the  genital  organs  in  both  the  male  and  female  is  imperative 
whenever  renal  tuberculosis  is  suspected,  particular  attention  being 
directed  to  epididymis,  prostate,  and  seminal  vesicles.  Reitter  has 
recently  called  attention  to  the  lowered  blood-pressure  as  almost  con- 
stantly present  in  renal  tuberculosis.  This  hypotonia,  as  shown  by 
hemodynamometer,  is  a  help  to  differentiate  tuberculosis  from  other 
chronic  kidney  infections,  in  which,  as  a  rule,  blood-pressure  is  increased. 

Treatment. — Climatic  or  medicinal  treatment  is  indicated  in  renal 
tuberculosis  when  the  disease  is  bilateral  or  part  only  of  a  general  tubercu- 
losis of  the  genito-urinary  tract.  In  many  cases  I  have  known  life  to  be 
prolonged  and  made  comfortable  by  climatic  change.  In  all  other  cases 
operative  interference  is  indicated.  Involvement  of  the  bladder  does  not 
militate  against  operation,  since  the  vesical  symptoms  frequently  disap- 
pear with  the  removal  of  the  primary  cause  in  the  kidney.    In  severe 
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cases  where  sepsis  complicates  an  already  badly  diseased  kidney,  neph- 
rotomy must  be  made  even  if  the  second  kidney  is  known  to  be  affected. 

The  first  extensive  tabulation  of  operations  for  renal  tuberculosis 
after  that  of  Gross  in  1885  was  that  of  Facklam.  Of  twenty  nephroto- 
mies, five  died  from  the  operation;  seven  within  three  weeks  to  one  year; 
thus  giving  a  mortality  of  60  per  cent.  The  general  mortality  of  nephrec- 
tomy was  28  per  cent.;  of  secondary  nephrectomies,  37.5  per  cent.  Vig- 
neron  in  fifty-four  cases  of  nephrotomy  found  the  inunediate  mortaUty 
12  per  cent.;  the  general  mortality,  38  per  cent.  Albarran  reports  on 
twelve  nephrotomies  without  one  immediate  death;  seven  died  in  from 
three  to  seven  months,  but  only  one  survived  two  years.  Israel  in  thirty 
nephrectomies  had  an  immediate  mortaUty  of  10  per  cent,  and  a  late  mor- 
tality of  17  per  cent.  Of  seventeen  nephrectomies  by  Kiister,  eleven 
remained  well  from  one  and  a  half  to  eight  years.  Of  Kiimmers  ten 
nephrotomies,  three  were  fatal.  Schmieden  collected  two  hundred  and 
one  nephrectomies;  70.6  per  cent,  recovered ;  of  seventy-four  upon  whom 
nephrotomy  was  done,  9  per  cent,  recovered;  24  per  cent,  retained  a 
fistula;  37  per  cent,  required  a  secondary  nephrectomy;  28  per  cent.  died. 

The  mortality  of  nephrectomy  for  tuberculosis  is  gradually  being 
reduced.  This  in  part  is  due  to  the  careful  inquiry  into  the  state  of  the 
other  kidney  by  modern  methods.  Of  seventy-six  nephrectomies,  Kiim- 
mel  lost  five;  of  sixty-five  following  the  use  of  ureteral  catheterization, 
only  two.  In  Casper's  report  of  one  hundred  and  twenty-nine  nephrec- 
tomies, there  was  a  mortality  of  21  per  cent,  before,  and  in  one  hundred 
and  thirty  a  mortality  of  10  per  cent,  where  catheterization  was  done. 
Rovsing,  who  first  compared  his  cases  carefully,  does  not  attribute  the 
same  value  to  ureteral  catheterization  in  reducing  the  mortality.  Per- 
sonally I  believe  that  the  individual  operator's  improved  technic  is 
largely  responsible  for  the  improved  statistics. 

In  1887  Czemy  first  performed  resection  of  the  kidney  for  tuberculosis. 
In  1899  I  was  enabled  to  collect  sixteen  cases  of  erasion  or  partial  resec- 
tion, all  of  which  recovered  from  the  operation.  In  a  number  of  these 
recurrence  necessitated  secondary  nephrectomy.  As  already  indicated 
in  the  considerations  of  pathology,  resection  affords  no  assurance  that 
nodules  will  not  be  left  in  the  remaining  part  of  the  gland. 

The  routine  operation  for  primary  tuberculosis  of  the  kidney  is  lumbar 
nephrectomy.  Whenever  feasible  the  ureter,  if  involved ,  is  to  be  removed 
as  far  as  possible.  In  many  cases  this  cannot  be  done  at  the  first  opera- 
tion, and  ordinarily  no  fistula  remains,  the  ureter  becoming  cicatrized 
and  innocuous.  If  it  does  give  rise  to  a  fistula,  it  may  be  removed  at  a 
later  period. 

Nephrotomy  is  indicated  only  when  there  is  uncertainty  as  to  the 
condition  of  the  opposite  kidney  or  for  the  relief  of  acute  sepsis,  or  if  the 
condition  of  the  patient  will  not  permit  the  major  operation.  It  is  to  be 
followed  as  speedily  as  possible  by  nephrectomy. 

The  incision  should  be  made  long  enough  to  permit  the  removal 
of  the  kidney  with  as  little  handling  as  possible.  Local  infection  and  even 
dissemination  of  the  tuberculosis  has  occurred  after  nephrectomy. 
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The  end  results  of  operations  are  not  as  good  as  the  immediate,  for 
in  some  cases  death  occurs  at  a  later  period  from  tuberculosis  elsewhere. 

Syphilis  of  the  Kidney. — At  any  time  in  the  course  of  acquired 
or  hereditary  syphilis  the  kidney  may  become  infected.  As  a  rule, 
the  disease  is  bilateral  and  consists  of  microscopic  changes  in  the  paren- 
chyma, and  belongs,  therefore,  to  internal  tnedicine.  In  very  exceptional 
cases  gummata  are  formed  in  the  kidney  during  the  tertiary  period  of 
syphilis  and  in  the  congenital  form.  Such  gummata  have  been  found  in  a 
number  of  autopsies,  and  the  kidney  has  been  removed  in  two  cases  by 
Israel  and  one  by  Bowlby. 

This  diagnosis  must  be  based  upon  the  previous  history.  In  most 
instances  a  malignant  neoplasm  was  suspected.  In  the  cases  in  which 
nephrectomy  was  performed  recovery  ensued. 

Actinomycosis. — Secondary  actinomycosis  of  the  kidney  as  a 
part  of  infection  of  the  abdominal  organs  has  been  repeatedly  observed. 
As  a  primary  disease  Israel  has  reported  one  case  in  which  the  diagnosis 
was  made  intra  vitam  from  the  presence  of  the  characteristic  yellow 
granules  in  a  lumbar  fistula  and  the  discover}'  of  the  ray  fungus  in  the 
urine.     (See  vol.  I,  p.  516.) 

Stone  in  the  Kidney  and  Ureter.— The  inability  of  the  urine 
to  hold  certain  of  its  saline  organic  and  inorganic  constituents  in 
solution  is  the  primary  factor  in  the  causation  of  stone  in  the  kidney. 
Both  sexes  are  equally  disposed  to  it.  The  first  decade  and  the  third 
and  fourth  predispose  to  stone  formation.  In  children  stone  in  the  bladder 
occurs  oftener  than  kidney  stone. 

The  frequency  of  stone  in  the  kidney  and  ureter  is  shown  by  the  statis- 
tics of  Tenny.  In  thirty-eight  hundred  and  seven  autopsies  in  the  Boston 
City  Hospital  stone  was  found  in  either  kidney  or  ureter  twenty-one 
times  and  gall-stones  one  hundred  and  forty-six  times.  During  the  same 
time  there  were  admitted  to  the  hospital  wards  one  hundred  and  nine 
cases  of  renal  calculus  and  four  himdred  and  eighty-nine  of  gall-stone, 
showing  that  kidney  stones  are  much  more  likely  to  produce  symptoms 
than  gall-stones. 

Epstein  has  shown  that  besides  the  crystals  and  urinary  salts,  every 
stone  except  the  cystin  has  an  organic  framework  or  matrix  about 
which  the  concretion  is  formed.  Latterly  this  view  has  been  questioned. 
Stones  in  the  kidney  are  either  primary  or  secondary.  The  first  consist 
of  uric  acid,  urate  of  sodium  and  ammonium,  oxalate  of  lime,  carbonate 
of  lime,  and  lastly  of  cystin  or  xanthin.  They  are  deposited  from  the 
urine  without  any  changes  of  an  infective  nature.  The  secondary  calculi, 
consisting  for  the  most  part  of  phosphate  of  lime,  develop  only  in  a  kidney 
already  the  seat  of  infection.  As  a  result  of  this,  a  primary  calculus  is 
often  encrusted  with  phosphate  of  lime.  Secondary  stones  occur  often  as 
a  complication  of  spinal-cord  lesions.  Injury  of  the  kidney  and  mild 
pyelitis  are  occasionally  the  cause  of  stone,  through  leaving  their  products, 
namely,  epithelial  detritus,  fibrinous  deposits,  or  small  blood-clcts,  as  a 
focus  for  the  deposit  of  salts.  The  number,  size,  and  location  of  stone 
vary  widely.    As  a  rule,  a  single  stone  is  found,  but  eight  or  ten  are  not 
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uncommon.  Rovsing  removed  a  stone  weighing  fourteen  ounces;  Shields 
one  of  nineteen  ounces.  Barrow,  of  Lexington,  recently  removed  with 
the  kidney  a  stone  weighing  sixteen  ounces.  Formed  stones  not  infre- 
quently weigh  ten  grains  or  even  less.    The  urate  stones  removed  by 

myself,  and  shown  in  Fig.  117,  weighed 
Aine  grains. 

According  to  Kiister's  statistics,  stone 
was  found  m  both  kidneys  in  ninety  out 
of  seven  hundred  and  sixty-four  cases. 
The  right  kidney  contains  a  stone  oftener 
than  the  left.  I^egue  believes  that  the 
1^  ^  '*9  ^J^^n^'^^  stone  is  bilateral  in  50  per  cent,  of  cases. 
«'  .  \  f .    r  ^ibpij4f  Pathology. — ^The  location  of  stones  in 

the  kidney  varies  greatly.  Although  they 
may  be  found  in  the  cortex,  their  usual 
situation  is  in  the  pelvis  or  in  one  of  the 
calices.  Here  the  position  of  the  stone 
often  causes  it  to  assume  a  coral  shape  and 
become  a  more  or  less  exact  cast  of  the 
pelvis  and  calices.  Frequently  a  stone  is 
also  formed  in  the  ureter,  and  in  rare  cases 
(Fig.  129)  the  renal  pelvis  and  the  ureter 
are  filled  with  a  continuous  row  of  calculi. 
Stones  lodged  in  the  ureter  are  usually 
elongated,  and  sometimes  present  a  gutter 
through  which  the  urine  passes  without 
obstruction  (Fig.  117).     In  such  cases  the  kidney  is  not  damaged. 

Stones  may  be  fixed  or  movable.  In  the  latter  condition  they  may, 
if  small,  pass  through  or  become  lodged  in  the  ureter  during  a  renal  colic. 
If  too  large  to  enter  the  ureter,  obstruction  with  retention  results.  With 
dislodgment  of  the  stone  this  disap- 
pears. A  condition  of  hydronephrosis, 
sometimes  intermittent,  may  result. 

Much  depends  on  the  aseptic  or 
septic  condition  of  the  kidney  harboring 
a  stone.  In  the  former  condition 
chronic  interstitial  changes  occur  in  the 
kidney  and  not  infrequently  extend 
beyond  even  the  fibrous  capsule.  In- 
duration of  the  perirenal  tissue  is  often 
observed  in  operations  for  kidney 
stone.  In  the  aseptic  kidney  the  stone, 
particularly  if  large,  may  become  ad- 
herent to  the  pelvic  mucosa,  which  then  becomes  extremely  vascular. 

When  the  renal  pelvis  becomes  infected  with  pus-formers,  a  condition 
of  calculous  pyelitis  results,  which  frequently  eventuates  in  pyelonephritis, 
and  oftener  in  pyonephrosis.  Perinephric  abscesses  occasionally  develop. 
In  a  number  of  cases  stone  has  been  the  forerunner  of  malignant  disease. 


Fio.  125. — Renal  Calculus  (Keen). 


Fig.  126. — Branched  Kidney  StONE. 
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In  a  case  reported  by  the  writer  a  sarcoma  developed  in  the  kidney  a  num- 
ber of  years  after  a  positive  diagnosis  of  stone  had  been  made.  Renal 
lipomatosis  occasionally  accompanies  chronic  nephrolithiasis. 

Symptoms. — A  stone,  often  of  large  size,  may  be  carried  for  many 
years  and  lead  to  destruction  of  the  kidney  without  giving  a  sign  of  its 
presence.  I  removed  one  weighing  over  an  ounce  from  a  man  of  twenty- 
one.  With  the  exception  of  one  day  in  bed  after  an  injury  from  a  base- 
ball, he  had  never  known  a  day's  illness.  A  large  lumbar  abscess 
opened  spontaneously  while  the  patient  was  at  work.  He  sought 
relief  from  the  fistula  which  resulted.  Until  his  attention  was  called 
to  the  almost  milky  appearance  of  the  urine  he  did  not  know  that  any- 
thing was  wrong. 

In  a  broad  way 
the  symptoms  of 
kidney  stone  may 
be  divided  into  two 
groups:  first,  those 
due  to  renal  colic 
proper;  and,  second, 
those  due  to  proc- 
esses constantly  go- 
ing on  in  the  kidney, 
because  of  its  con- 
taining a  stone,  a 
condition  of  chronic 
nephrolithiasis. 
Renal  colic  is  an  in- 
constant symptom. 
In  a  very  large 
number  of  cases 
there  is  no  renal 
colic  from  begin- 
ning to  end.  It  is 
supposed  to  depend 

upon  the  passage  of  a  stone  through  the  ureter,  or  on  the  impaction  of 
the  stone  in  the  pelvic  outlet.  Many  times  the  stone  is  voided  in  the 
natural  way  soon  after  being  formed.  These  are  the  cases  that  ordinarily 
do  not  require  surgical  intervention.  As  has  already  been  seen,  the  colic 
depends  not  so  much  upon  the  passage  of  a  stone  as  upon  the  increase 
of  intracapsular  renal  tension. 

The  onset  and  end  of  a  renal  colic  are,  as  a  rule,  qilite  sudden.  Nausea 
and  vomiting  are  often  present  and  accompanied  by  varying  degrees  of 
shock.  Pain,  often  agonizing  in  character,  is  felt  in  the  loin  and  shooting 
toward  the  bladder,  groin,  testicle,  and  thigh.  Reflected  pains  may  be 
experienced  in  the  course  of  the  crural  nerve  as  far  as  the  toe.  Retrac- 
tion of  the  testicle  is  not  unusual,  and  irritability  of  the  bladder  and 
strangury  are  often  harassing. 

When  the  stone  is  firmly  fixed  in  the  kidney  and  produces  no  colic,  the 


FiQ.  127. — Calcified  Pyonephrosis. 
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symptoms  of  chronic  nephrolithiasis  must  be  depended  upon  for  diag- 
nosis. Pain  elicited  by  pressure,  changes  in  the  urine,  and  the  frequency 
of  its  expulsion  are  the  symptoms  indicative  of  aseptic  changes  in  the  kid- 
ney, before  it  has  come  to  palpable  enlargement.  The  urine  affords  the 
most  valuable  single  sign  in  a  persistent  microscopic  hematuria.  Almost 
every  specimen  contains  a  few  red  cells  in  the  field.  Macroscopic  bleeding 
occurs  after  renal  colics,  but  rarely  is  profuse.  Crystals  in  the  urine  are 
of  very  little  diagnostic  value.  Except  when  a  stone  is  in  process  of 
growth,  they  can  hardly  be  expected.  The  patient  with  kidney  stone 
does  not  often  pass  sand  with  his  urine.  Casts  are  often  found  as  a  result 
of  degenerative  changes  in  the  parenchyma. 

When  an  infection  takes  place,  a  persistent  pyuria  is  present.  The 
urme  for  the  most  part  is  little  more  than  turbid.  Enlargement  of  the 
kidney  reveals  itself  only  when  a  uronephrosis  or  a  pyonephrosis  occurs 
from  retention.  The  body-temperature  in  nephrolithiasis  is  of  little 
importance.  In  a  few  of  my  cases  I  have  observed  the  colic  itself  to  be 
associated  with  fever,  and  that  without  any  permanent  septic  involve- 
ment. In  chronic  nephrolithiasis  that  is  infected,  slight  elevations  of 
temperature,  continued  through  a  long  period  and  with  a  tendency  to 
recur  irrespective  of  any  renal  colic,  are  often  observed. 

The  importance  of  radiography  in  the  diagnosis  of  renal  and  ureteral 
stone  has  already  been  considered  (p.  196).  In  a  very  considerable 
number  of  cases  H.  A.  Kelly  has  demonstrated  the  presence  of  a  stone  by 
the  use  of  a  wax-tipped  ureteral  bougie,  on  which  the  stone  produced 
scratch-marks. 

The  diagnosis  of  stone  in  the  kidney  between  the  attacks  is  made 
relatively  easy  by  radiography.  Before  this  examination  can  be  made, 
stone  must  be  differentiated  from  vesical  affections  and  those  of  the  pros- 
tate, chiefly  from  tuberculosis.  The  renal  crisis  itself  must  be  differen- 
tiated from  other  abdominal  crises,  notably  gall-stone  colic  and  acute 
appendicitis.  Neuralgia  of  the  lower  intercostals  may  simulate  a  renal 
colic,  but  all  of  these  conditions  can  be  excluded  by  a  careful  attention 
to  urinalysis. 

Prognosis. — Although  a  kidney  stone  may  be  quiescent  for  many 
years,  it  is  always  a  menace  to  life,  either  by  causing  anuria  or  by  pro- 
ducing grave  changes  in  the  pelvis  or  parenchyma  of  the  kidne)^  With 
infection  and  retention  well  established,  recovery  does  not  ensue.  If 
untreated,  destruction  of  the  kidney  by  suppuration  or  lipomatous  trans- 
formation takes  place.  Small  stones  formed  at  different  periods  may  be 
passed.  Such  attacks  of  renal  colic  followed  by  the  passage  of  a  small 
calculus  may  recur  from  time  to  time  without  endangering  the  kidney. 
In  rare  instances  stones  have  been  known  to  break  up  in  the  kidney  and 
to  be  passed  as  fragments.  The  process  by  which  this  disintegration 
occurs  is  not  known.  The  accompanying  illustration  (Fig.  128)  shows 
fragments  passed  in  this  way. 

Treatment. — ^The  medicinal  treatment  consists  in  restriction  of  diet 
and  the  administration  of  diluents  and  of  agents  to  reduce  the  tendencj' 
to  hyperacidity.  When  pyelitis  exists,  urotropin,  benzoate  of  soda,  and 
methyl-blue  may  be  used  to  modify  the  condition. 
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The  surgical  treatment  of  stone  in  the  kidney  is  its  removal  by  opera- 
tion. This  is  imperative  in  anuria  and  where  hematuria  is  profuse. 
Pyuria  as  an  evidence  of  beginning  destructive  changes  is  a  positive 
indication  for  operation.  Although  stone  in  the  kidney  is  attended  with 
less  suffering  than  stone  in  the  bladder,  it  is  fraught  with  infinitely  greater 
danger  to  life.  The  operations  for  kidney  stone  are  nephrolithotomy, 
nephrotomy,  and  nephrectomy.  Nephrolithotomy  was  first  performed 
in  1882  by  Henry  Morris  for  the  removal  of  a  stone  from  a  healthy  kidney. 
This  operation  is  nearly  devoid  of  danger.  Morris  himself  reported 
thirty-four  aseptic  operations  with  one  death;  Tuffier,  eight  without  a 
death.  Of  nineteen  cases  of  my  own,  one  death  resulted  from  intestinal 
obstruction  from  tight  packing  of  the  wound.  I  have  also  lost  one  case 
from  shock  after  a  negative  exploration.  According  to  Bovsing,  there  is  a 
mortality  of  seven  out  of  one  hundred  and  fifteen  cases.  Nephrolithot- 
omy in  an  aseptic  kidney  re- 
quires no  drainage  of  the 
pelvis. 

Nephrotomy  is  the  opera- 
tion in  septic  cases.  Morris 
lost  ten  out  of  forty-three. 
Drainage  of  the  kidney 
wound  is  always  indicated, 
and  in  a  considerable  pro- 
portion of  cases  secondary 
nephrectomy  must  be  per- 
formed. 

Primary  nephrectomy  for 
stone  is  rarely  indicated.  It 
may  have  to  be  performed 
for  profuse  hemorrhage  fol- 
lowing the  removal  of  large 

av^A  or^ViAfATi^  of^nAo  ^*°-   ^28. — Some  of  the  Fraqmentb  of  Stones  Di»- 

ana  aanerent  stones.  integrated  and  Passed  per  Urethra. 

In  nephrotomy  and  neph-  Magnified  3i  times, 

rolithotomy  the  kidney  is  to 

be  opened  by  an  incision  through  the  non-vascular  zone  of  Hyrtl,  a  little 
behind  the  convex  border.  An  incision  not  longer  than  is  needful  for  the 
introduction  of  the  exploring  finger  should  at  first  be  made.  This  makes 
the  hemorrhage  nily  while  the  search  for  the  stone  progresses.  A  short 
incision  over  the  upper  pole  and  another  over  the  lower  will  allow  an  ex- 
amination with  the  finger  of  both  the  upper  and  lower  and  the  common 
pelvis.  The  so-called  post-mortem  section  should  be  reserv^ed  for  cases  in 
which  the  finding  of  the  stone  is  very  difficult. 

Experiments  by  Paoli,  Tuffier,  Barth,  and  others  have  shown  that  by 
this  section  degenerative  changes  are  reduced  to  a  minimum.  Grief en- 
hagen  had  an  opportunity  to  examuie  two  kidneys  treated  by  sutures 
after  operation.  A  linear  and  depressed  cicatrix,  narrowing  toward  the 
pelvis  and  firmly  adherent  to  the  capsule,  was  present  in  each  kidney 
as  the  only  vestige  of  a  previous  incision.     I  have  seen  in  one  case 
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the  same  limitation  of  scar  tissue  one  year  after  a  nephrotomy  and 
suture. 

Hemorrhage  during  the  exploration  is  easily  controlled  by  the  fingers 
of  an  assistant  or  by  throwing  a  temporary  ligature  around  the  pedicle. 
Retrograde  sounding  of  the  ureter  is  essential  to  every  operation  for  stone 
in  the  kidney.  Needling  of  the  kidney  for  finding  a  stone  has  been  justly 
discarded.  To  render  the  operation  easy  the  incision  should  be  long 
enough  to  permit  the  free  delivery  of  the  kidney  into  the  wound.  In 
rare  cases  an  incision  made  through  the  pelvis  directly  upon  the  stone  is 
indicated. 

The  operation  is  finished  by  closing  the  kidney  wound  with  buried 
catgut  sutures  through  the  substance  of  the  kidney.  This  is  justifiable 
even  in  cases  of  pyelitis,  if  the  ureter  is  competent  to  act  as  a  competent 
drain.  An  exception  must  be  made  in  regard  to  immediate  suture  in 
those  cases  of  even  aseptic  nephrolithotomy  in  which  anuria  compelled 
operation. 

In  calculous  pyonephrosis  incision  and  drainage  must  always  be  first 
resorted  to,  in  view  of  the  frequency  of  the  involvement  of  the  second 
kidney.  When  the  kidney  is  sacculated,  if  it  be  split  widely  and  the 
margins  of  the  wound  in  the  kidney  stitched  to  the  skin,  slunnking  of 
the  sacculation  often  takes  place  and  the  kidney  gradually  resimies  a 
form  something  like  the  normal. 

According  to  Kiister,  both  kidneys  have  been  operated  upon  in  twenty 
cases.    The  first  was  reported  by  Clement  Lucas.    I  myself  have  had  one. 

Calculous  Anuria. — ^The  gravest  result  of  the  presence  of  a  stone 
in  the  kidney  or  ureter  is  the  suppression  of  urine  which  it  may  induce. 
It  is  produced  by  the  obstruction  of  one  ureter,  when  the  kidney  of  the 
other  side  has  been  practically  destroyed  or  in  a  reflex  way  has  ceased  to 
perform  its  function.  In  rare  cases  simultaneous  obstruction  of  both 
ureters  has  taken  place.  Tumor  masses  or  twists  of  the  ureter  may 
produce  anuria,  but  stone  is  its  common  cause.  It  has  been  observed 
after  nephrectomy,  and  relieved  by  nephrotomy  of  the  remaining  kidney. 
The  suppression  of  the  urine  may  be  complete  from  the  beginning  of  the 
renal  crisis,  or  the  quantity  may  be  greatly  reduced  at  first,  soon  to  cease 
altogether.  Death  follows  from  uremia  in  from  five  to  twenty-five  days, 
unless  the  obstruction  is  relieved  spontaneously  or  by  operation.  The 
treatment,  consisting  of  hot  baths,  saline  transfusions,  and  chloroform 
anesthesia,  with  the  view  of  relaxing  the  ureteral  spasm,  should  be  given 
a  trial.  If  after  two  or  three  days  the  anuria  continues,  operation  is 
peremptorily  demanded.  Lucas  advises  operation  after  forty-eight 
hours.  Cases  operated  on  early,  according  to  Luegue,  present  a  post- 
operative recovery  of  66  per  cent. 

The  operation  to  be  performed  is  nephrotomy  and  drainage,  imless, 
as  is  rarely  feasible  in  acute  cases,  the  location  of  a  stone  in  the  ureter 
can  be  determined.  The  kidney  to  be  explored  is  the  one  on  the  side 
last  affected  by  a  renal  colic.  Errors  have  been  made  in  this  regard  and 
an  operation  on  the  other  kidney  within  twenty-four  hours  has  saved 
the  patient. 
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Nephralgia  {Essential  Hematuria;  Hematuric  Nephralgia;  Angio- 
neurosis  of  the  Kidney). — ^As  a  consequence  of  rheumatic  or  gouty  dia- 
thesis with  marked  recurrent  hyperacidity  of  the  urine,  severe  neuralgic 
pains  are  not  infrequently  experienced  in  the  region  of  the  kidney.  They 
belong  to  the  domain  of  internal  medicine.  This  also  pertains  to  the 
renal  crises  of  locomotor  ataxia  described  by  Raynaud  in  1876.  Severe 
neuralgias  are  encountered  as  a  common  factor  in  the  symptom-complex 
produced  by  most  gross  lesions  of  the  kidney,  such  as  stone,  tuberculosis, 
obstruction  of  the  ureter,  and  neoplasms.  Within  the  last  twenty  years 
cases  have  multiplied  in  the  literature  of  typical  renal  colic,  supposedly 
due  to  stone,  in  which  gross  lesions  were  not  found  either  upon  operation 
or  at  autopsy.  In  1894  I  collected  forty-four  cases.  Severe  pain  and 
hematuria  varying  in  degree  were  the  chief  symptoms.  With  the  per- 
fection of  radiography,  negative  results,  so  far  as  finding  a  stone,  will  be 
less  often  encountered. 

Sabatier  in  1889  originated  the  euphonious  term  *' hematuric  neph- 
ralgia*' to  designate  this  group  of  symptoms— a  term  which  defines 
concisely  but  fails  to  explain.  This  is  curious,  since  in  one  case  he  found 
a  slight  inflammation  of  the  kidney,  the  importance  of  which  in  the  causa- 
tion of  symptoms  he  failed  to  recognize.  The  criticism  of  defining  with- 
out explaining  applies  to  the  more  recent  terms  of  ''essential  hematuria" 
and  ''renal  hemophilia."  The  use  of  these  terms  is  justified  when  the 
non-existence  of  inflanmiatory  or  other  changes  in  the  kidney  has  been 
demonstrated  by  minute  examination  of  post-operative  specimens  or  by 
postmortem.  How  difficult  this  may  be,  and  how  slight  the  changes  are, 
is  illustrated  by  a  kidney  removed  for  essential  hematuria  and  presented 
by  Nickolish  to  the  Paris  Academy  three  years  ago.  In  Vienna  the 
kidney  was  pronounced  normal;  in  Paris,  Albarran  and  Motz  found 
marked  evidences  of  glomerulonephritis.  That  profuse  bleeding  from 
the  kidney  can  be  a  sjonptom  6f  hemophilia,  of  various  forms  of  toxemia, 
and  of  arteriosclerosis  without  local  changes  in  the  kidney  is  not  to  be 
questioned.  It  has  been  noticed  from  normal  kidneys  ^ter  very  pro- 
longed exercise,  notably  long-distance  horseback  rides.  Barring  these 
conditions  it  very  rarely  occurs  from  normal  kidneys.  Altogether  not 
more  than  nine  cases  have  been  reported.  Casper,  WulflF,  and  Steinthal 
have  recently  reported  cases  from  normal  kidneys.  Young  has  recently 
reported  a  case  of  unilateral  renal  hematuria  cured  by  injection  of  adren- 
alin through  a  ureteral  catheter. 

Nephralgia  and  profuse  hematuria  have  been  shown  by  a  number  of 
observers  since  Naunyn  first  called  attention  to  it  to  be  not  infrequently 
caused  by  diffuse  nephritis,  which  was  not  revealed  by  urinalysis.  In 
unilateral  disease,  and  even  when  both  kidneys  are  affected,  the  pain  may 
be  unilateral.  Because  patients  thus  affected  often  have  recurrences 
of  symptoms  without  impairment  of  the  general  health,  is  no  evidence 
of  the  absence  of  structural  changes  in  the  kidney.  Colic  and  hematuria 
are  the  result  of  increased  renal  tension.  I  operated  on  one  of  these 
cases  in  which  the  pain  had  lasted  for  fourteen  years.  The  examina- 
tion of  a  portion  of  the  kidney  removed  by  operation  showed  that. 
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although  the  glomeruU  generally  retamed  their  normal  appearance,  in 
certain  areas  distinct  atrophy  with  granular  changes  had  occurred.  On 
looking  at  the  apparently  normal  kidney  structure  in  the  slide  the  quantity 
of  red  blood-cells  within  and  without  the  blood-vessels  stands  out  in  bold 
relief.  This  may  have  resulted  from  handling  of  the  kidney  incident  to 
the  operation.  There  was  no  overgrowth  of  connective  tissue.  The 
operation  was  performed  five  years  ago  and  the  patient  has  continued 
well.  Angerer  reported  a  case  where  nephrectomy  was  performed  and 
a  chronic  interstitial  nephritis  found.  Based  on  fourteen  cases,  Israel 
concludes  that  a  very  large  number  of  the  cases  designated  as  idio- 
pathic or  hematuric  nephralgia  are  due  to  inflammatory  changes  in  the 
kidney. 

Bright's  Disease  and  its  Surgical  Treatment.— That  there  is  a 
unilateral,  atypical,  chronic  nephritis  giving  rise  to  symptoms  chiefly 
simulating  stone  is  established  by  many  cases  which  have  been  re- 
lieved by  capsule  splitting  or  nephrotomy.  These  results  perhaps  sug- 
gested to  Reginald  Harflson  the  idea  of  reni-puncture  for  the  treatment 
of  ''some  forms  of  albuminuria  associated  with  kidney  tension. '*  De- 
capsulation of  the  kidney  as  a  recognized  treatment  in  chronic  Bright 's 
disease  was  reported  fii*st  by  Edebohls  in  1889,  after  an  experience  of 
nearly  seven  years  x^ith  the  operation.  In  acute  cases  where  uremia 
is  threatened,  after  scarlatina,  or  in  toxic  cases,  as  after  extensive  bums, 
the  relief  of  tension  by  capsulotomy  is  justified.  Four  cases  of  puerperal 
eclampsia  have  been  relieved  by  capsulotomy — three  by  Edelx)hls  and 
one  by  Pousson.  Lennander  advises  this  nephrolysis  in  acute  cases  in 
which  pain  and  tenderness  on  one  or  both  sides  indicate  the  increased 
tension.  In  regard  to  chronic  afTections  of  the  kidney,  some  of  the  con- 
clusions of  Israel  are  noteworthy:  First,  there  is  such  a  condition  as 
unilateral  nephritis.  Second,  nephritis  may  produce  kidney  colics 
closely  simulating  those  of  stone.  Third,  unilateral  colic  may  be  present 
when  the  disease  is  bilateral.  Fourth,  chronic  nephritis  may  exist  with- 
out albuminuria  or  casts  in  the  urine,  and  albumin  may  be  absent  in  the 
presence  of  casts  of  various  kinds.  Fifth,  profuse  hemorrhage  with  or 
without  colic  may  occur  in  chronic  nephritis. 

The  object  of  decapsulation  and  capsulectomy  in  chronic  Bright's 
disease  is  the  production  of  a  new  and  increased  blood-supply  to  the 
cortex  of  the  kidney  from  the  surrounding  tissues,  by  which  regeneration 
of  the  renal  parenchyma  is  to  be  made  possible.  Experiments  have  been 
made  by  many  observers  which  show  that  a  new  capsule  is  formed  and 
that  increased  vascularization  follows  the  operation.  A  prolonged  and 
beneficial  effect  on  the  functional  capacity  of  the  kidney  has  not  been 
demonstrated.  Up  to  December  1,  1903,  Edebohls  operated  on  seventy- 
two  patients.  In  sixty-eight  cases  both  sides  were  operated  upon.  Nine 
per  cent,  died  within  two  weeks;  twenty-two.  some  time  later.  Seventeen 
cases,  according  to  Edebohls,  were  cured.  The  results  of  Edebohls  have 
not  been  confirmed  by  other  operators.  It  may  be  said  that  for  the 
present  in  chronic  Bright ^s  disease,  if  operation  is  at  all  justified,  it  should 
be  limited  to  cases  in  which  pain  is  a  marked  symptom  or  in  which  pro- 
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fuse  hematuria  or  anuria  threatens  life.  In  these  cases  the  operation 
should  be  limited  to  capsulotomy. 

Cysts  of  the  Kidney. — Cysts  of  the  size  of  a  pea  are  often  found  in 
contracted  kidney  as  the  result  of  occlusion  by  cicatricial  contraction. 
They  are  of  pathologic  interest  only.  Larger  cysts  of  the  kidney  may  be 
classified  as  follows:  First,  simple  serous  cysts;  second,  hydatid  cysts; 
third,  polycystic  disease;  and  fourth,  dermoid  cysts. 

The  simple  serous  cysts,  usually  single,  though  sometimes  multiple, 
are  ordinarily  not  larger  than  an  apple,  but  sometimes  as  large  as  an 
ovarian  tumor.  These  cysts  are,  as  a  rule,  thin  walled,  and  usually  occupy 
one  pole  of  the  kidney,  but  may  spring  from  within.  Tuffier  in  seven 
cases  found  the  cyst  attached  to  the  upper  pole  six  times.  The  contents 
are  serous  or  at  times  gelatinous,  and  sometimes  colored  by  blood  ad- 
mixture.   The  kidney  tissue  itself  is  not  involved. 

In  most  cases  the  origin  of  the  cysts  is  unknown.  In  some  cases  they 
have  followed  a  trauma. 

The  symptotns  are,  as  a  rule,  negative,  imtil  a  tumor  is  discovered. 
The  growth  of  this  is  usually  slow,  and  no  urinary  symptoms  indicate 
its  connection  with  the  kidney.  The  diagnosis  must  be  based  upon  the 
presence  of  a  fluctuating  tumor,  which  from  the  history  can  be  shown 
to  have  grown  in  a  downward  direction.  The  condition  has  been  mistaken 
for  cysts  of  the  liver,  and  in  large  tumors  for  ovarian  disease. 

The  treatment  consists  of  tapping  when  the  diagnosis  is  certain. 
Some  cures  have  been  effected.  In  some  cases  a  lumbar  incision  with 
drainage  must  be  made.  Fistulas  quite  often  remain,  which  may  demand 
a  secondary  nephrectomy  for  their  relief.  Under  favorable  conditions 
the  cyst  has  been  extirpated.  The  abdominal  route  has,  in  a  large  pro- 
portion of  cases  operated  upon,  been  resorted  to  on  account  of  errors  of 
diagnosis. 

Hydatid  Cysts. — In  about  4  per  cent,  of  all  cases  of  echinococcus 
the  kidney  is  the  seat  of  a  hydatid  cyst,  the  left  kidney  being  the  host 
twice  as  often  as  the  right.  Frequently  other  organs,  notably  the  liver, 
are  affecteti.  Kiimmel  in  one  case  found  the  disease  bilateral.  I  found 
no  case  reported  in  American  literature.  Echinococcus  cysts  are  as  a 
rule  single,  and  possess  a  capsule  growing  in  thickness  with  the  growth 
of  the  cyst  until  it  may  measure  one-half  inch  or  more  in  thickness. 
Adhesions  form  to  contiguous  organs  and  rupture  may  take  place  into 
them.  It  oftener  takes  place  into  the  renal  pelvis  (fifty-two  out  of  sixty- 
five  cases,  Roberts).  The  cyst  contents  are  then  discharged  through  the 
urethra.  The  contents  vary  as  those  of  similar  cysts  elsewhere  in  regard 
to  the  presence  of  daughter  cysts.  The  kidney  tissue  itself  may  be  but 
little  changed. 

The  symptoms  are  negative  until  an  appreciable  tumor  develops, 
and  then  often  the  diagnosis  is  impossible,  until  aspiration  or  urinalysis 
indicates  the  nature  of  the  cyst.  The  urine  contains  booklets  or  vesicles. 
In  a  few  cases  radiography  has  demonstrated  the  presence  of  a  rounded 
chalk-infiltrated  sac.  Hydatid  fremitus  has  very  rarely  been  obser\'ed. 
Hydatids  of  the  kidney  grow  often  to  enormous  size  and  then  lead  to 
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suppuration.  Occasionally  rupture  into  the  bronchi  takes  place.  The 
pressure  effects  in  large  cysts  are  those  common  to  other  tumors  of  the 
kidney.  The  treatment  of  echinococcus  of  the  kidney  consists  in  the 
incision  of  the  sac,  with  nephrotomy  if  necessary.  The  operation  should 
always  be  a  lumbar  operation  where  the  diagnosis  is  clear.  Removal 
of  the  contents  of  the  cyst  with  drainage  completes  the  operation.  In 
rare  cases  enucleation  of  the  cyst  has  been  feasible.  Primary  nephrectomy 
is  never  indicated. 

Polycystic  Kidney. — Polycystic  disease  of  the  kidney,  bilateral  in  a 
great  number  of  cases,  causes  enormous  enlargement  of  the  kidney  on  ac- 
count of  the  presence  within  it  of  an  infinite  number  of  cysts,  between  which 
renal  tissue  more  or  less  capable  of  function  intervenes.  It  is  often 
congenital  in  character  and  may,  by  its  size,  form  an  impediment  to 
natural  delivery.  According  to  Sieber,  thirty-two  cases  have  been 
reported  between  the  eighth  week  and  twentieth  year.  Of  two  hundred 
and  twelve  cases,  one  hundred  and  fifty-five  were  seen  between  the 
twentieth  and  sixtieth  year.  Cystic  disease  elsewhere,  particularly  of 
the  liver,  is  often  found.  Heredity  is  often  manifested.  I:iejars  found 
it  seventeen  times  in  sixty-two  cases.  As  a  rule,  the  kidney  is  threefold 
or  fourfold  its  natural  size.  In  a  case  recently  observ^ed  at  the  Cincinnati 
Hospital,  the  larger  kidney  measured  twelve  inches  in  length.  The  sur- 
face of  the  kidney  is  very  irregular,  and  on  section  the  kidney,  in  all  its 
parts,  is  occupied  by  a  multitude  of  cysts  varying  in  size  and  often  com- 
municating with  each  other.  The  contents  of  the  cyst  are  clear,  serous, 
and  gelatinous,  and  not  infrequently  colored  by  admixture  of  blood. 
The  walls  of  the  cyst  are  of  fibrous  connective  tissue  and  lined  with 
cuboidal  epithelium.     (Plate  IV.) 

The  nature  of  polycystic  degeneration  of  the  kidney  is  entirely  un- 
known. It  is  not  improbable  that  it  varies,  some  cases  of  congenital  char- 
acter being  due  to  abnormal  growth  of  aberrant  Woffian  bodies  (Kiister), 
whereas  in  others  the  disease  seems  to  be  of  the  nature  of  cyst  adenoma. 

The  symptoms  are  very  inconstant.  Many  cases  are  discovered  by 
autopsy,  death  resulting,  as  a  rule,  from  uremia  (fifty  out  of  ninety-eight 
cases,  Sieber).  Renal  colic,  hematuria,  gastric  disturbances,  and  pressure 
symptoms  may  direct  attention  to  the  kidney,  where  the  discovery  of  a 
tumor  causes  the  first  indication  of  kidney  disease.  The  urine  may  be 
normal,  but  may  increase  in  quantity  and  contain  albumin  at  intervals. 
According  to  Sieber,  the  diagnosis  was  made  intra  vitam  in  twenty-one 
cases.  The  progi-ess  of  the  disease  is  very  slow,  and  its  course  may  run 
through  many  years.  Polycystic  kidneys  have  been  found  in  persons  of 
eighty  years.    Suppuration  occasionally  occurs. 

The  treatment,  where  the  diagnosis  can  be  made,  must  be  palliative. 
Nephrectomy  has  been  performed  in  sixty-two  cases,  mostly  under  a 
mistake  in  diagnosis.  Twenty  of  those  cases  ended  in  death.  Nephrot- 
omy with  drainage  has  been  performed  in  ten  cases  with  30  per  cent, 
mortality.  These  statistics  show  that  for  polycystic  kidneys  operative 
interference  is  contraindicated  except  for  the  relief  of  sepsis  resulting 
from  infection. 
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Dermoid  cysts  of  the  kidney  are  exceedingly  rare,  only  four  cases 
having  been  recorded;  one  of  these  by  E.  W.  Walker,  of  Cincinnati. 
In  this  case  nephrectomy  was  successfully  performed.  The  kidney 
presented  three  distinct  dermoid  cysts  filled  with  epithelial  detritus  and 
hair.  A  number  of  serous  cysts  were  also  found.  In  Madelung's  case 
death  resulted  from  sepsis.  The  symptoms  in  the  cases  reported  have 
been  those  of  a  tumor  or  of  a  hydronephrosis  of  moderate  degree.  The 
diagnosis  cannot  be  made  until  a  section  of  the  kidney  is  made. 

Tumors  of  the  Kidney. — ^Although  all  forms  of  tumors  have  been 
found  in  the  kidney,  renal  neoplasms  are  comparatively  uncommon. 
Kiister,  in  over  thirty-seven  thousand  cases,  found  only  two  hundred  and 
twenty-three  kidney  cases,  and  of  these  only  twenty-three  were  tumors. 
Kelynack  found  only  nine  primary  renal  growths  in  over  forty-five 
hundred  autopsies.  As  compared  with  tumors  in  general,  and  especially 
malignant  growths,  the  kidney  is  the  host  in  about  2  per  cent,  of  all  cases. 
The  relative  frequency  of  the  various  forms  of  tumors,  from  an  examina- 
tion of  one  hundred  and  fifty-four  cases,  is  given  by  Morris  as  follows: 

Sarcomata 63 

Carcinomata 41 

Cystic  degeneration 21 

Hydatid  cysts 11 

Adenomata 10 

Papillomata 3 

Myxomata 2 

Lipomata 2 

Dermoid  cyst 1 

"154" 

Secondary  tumors  occur  in  the  kidney  as  a  result  of  carcinomata  and 
sarcomata.  Thus,  of  one  hundred  and  twenty-six  carcinomata,  ten 
presented  secondary  deposits  in  the  kidney;  and  of  sixty-nine  sarcomata, 
the  kidney  was  also  affected  in  ten. 

Renal  growths  occur  particularly  in  early  life,  and  again  after  the 
fourth  decade.  According  to  Rohrer,  over  one-third  of  all  cases  occur 
in  childhood.  Of  one  hundred  and  fifteen,  thirty-seven  occurred  under  ten 
and  thirty-one  of  these  under  five  years.  In  one  hundred  and  sixty 
malignant  cases  examined  by  Kelynack,  52  per  cent,  occurred  below  the 
age  of  ten  years.  No  less  than  seventy-four  cases  were  met  with  below 
five  years.    A  number  of  congenital  cases  have  been  recorded. 

Tumors  of  the  kidney  may  be  divided  into  the  malignant  and  the 
benign. 

Malignant  Tumors.— To  the  former,  which  form  by  far  the  largest 
class,  belong  carcinomata,  sarcomata,  and  suprarenal  inclusion  tumors  or 
hypernephroma.  The  predisposition  to  malignant  disease  in  early  child- 
hojod  is  remarkable.  Rosenstein,  from  computation  of  five  hundred  and 
forty-eight  cases,  finds  30  per  cent,  during  the  first  decade.  It  appears 
to  occur  of  tener  in  men  than  in  women.  Cancer  of  the  kidney  may  occur 
in  every  variety  of  carcinoma,  but  occurs  oftenest  in  the  medullary  form. 
Alveolar  carcinoma  is  very  rare.  Primary  carcinoma  has  hitherto  always 
been  unilateral;  secondary  disease  often  bilateral. 
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Cancer  of  the  kidney  appears  as  a  solitary  tumor  or  in  the  form 
of  diffuse  infiltration.  In  the  soUtary  form  the  tumor,  varying  greatly  in 
size,  usually  occupies  one  pole  and  springs  from  the  cortical  substance. 
In  the  diffuse  form  the  cortical  substance  is  also  chiefly  involved.  Medul- 
lary carcinoma  of  the  kidney  often  gives  rise  to  tumors  weighing 
eight  to  ten  pounds.  Secondary  fat  degeneration  or  hemorrhages  into 
the  tumor  frequently  give  rise  to  cysts,  which  may  largely  make  up  the 
bulk  of  the  growth.  Quite  often  processes  of  the  tumor  grow  into  the 
pelvis  or  the  renal  veins.  Adhesions  to  contiguous  organs  rapidly  ensue. 
Histologically  these  growths  seem  to  be  derived  from  the  epitheUa  of  the 
uriniferous  tubules.  Frequently  in  conjunction  with  the  carcinoma, 
adenomatous  masses  are  found.  To  this  condition  the  term  "adeno- 
carcinoma" is  appUcable,  but  true  adenomata  of  the  kidney  are  practically 
never  found. 

Sarcoma  of  the  kidney  more  often  than  carcinoma  is  a  disease  of  the 
first  decade.  Even  in  young  children  the  tumor  may  weigh  eight  or  ten 
pounds.  Cysts  are  of  common  occurrence  within  them.  Round  and 
spindle-celled  sarcomata  have  been  found  and  ofttimes  smooth  and 
striped  muscle-fibers  have  been  seen.  The  great  vascularity  of  some  of 
the  rapidly  growing  sarcomata  of  the  kidney  justifies  the  appUcation  of 
the  term  to  them  of  angiosarcomata.  The  frequency  with  which  these 
growths  are  found  in  the  very  young  have  led  to  investigations,  notably  by 
Birch-Hirschfeld  and  Wilms,  which  show  that  they  differ  from  the  sar- 
comata of  later  life  in  that  they  are  often  mixed  and  that  elements  from 
the  three  primary  embryonic  layers  are  found.     (See  Plate  V.) 

Hypernephroma  or  struma  of  adrenal  origin,  sometimes  called  the 
tumor  of  Grawitz,  consists  of  the  growth  of  aberrant  adrenal  gland 
masses  within  the  substance  of  the  kidney.  Aberrant  adrena  tissue 
may  be  found  also  without  the  capsule.  Grawitz  showed  that  the  hyper- 
nephroma consists  of  epitheUal  cells  arranged  in  cylindric  and  columnar 
form,  and  in  groups,  as  they  are  normal  in  the  suprarenal  bodies.  The 
cells  themselves  are  unUke  those  of  the  kidney  proper,  and  are  like  those 
of  the  parent  body  from  which  they  spring.  Furthermore,  the  chemical 
properties  of  the  hypemephromata  bespeak  their  origin  from  adrenal 
rests,  in  that  they  contain  glycogen. 

Hypemephromata  on  section  are  either  flesh-colored  or  canary  yellow. 
Although,  as  a  rule,  uniform  on  section,  softened  areas  and  hemorrhages 
are  often  seen.  (See  Plate  VI.)  They  are  usually  rounded  in  outUne  and 
form  protrusions  covered  by  the  kidney  capsule.  As  a  rule,  the  tumor 
mass  is  separate  and  distinct  from  the  kidney  tissue.  When  small,  they  are 
almost  always  confined  to  the  cortical  substance  or  medulla.  Either  pole 
of  the  kidney  may  be  involved.  As  it  grows,  the  tumor  reaches  the  pelvis 
and  may  extend  as  do  tumors  of  the  adrenals,  particularly  along  the  veins, 
and  invade  even  the  vena  cava. 

Small  hypemephromata  may  clinically  be  non-malignant.  Larger 
growths  distinctly  tend  to  metastases.  These  have  been  found  oftenest 
in  the  lung,  in  the  Uver,  and  in  the  long  bones.  In  a  considerable  number 
of  cases  supposed  primarj^  sarcomata  of  the  long  bones,  more  rarely  of  the 
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flat,  have,  after  operation,  been  shown  to  be  metastases  from  undiscovered 
hypemephromata.  Hochenegg  found  a  metastasis  in  the  mediastinal 
glands  ten  years  after  nephrectomy. 

Hypernephroma  occurs  somewhat  oftener  in  males  than  in  females. 
The  age  of  the  patients  is  fifty-two.  Of  one  hundred  and  sixty-three 
cases  collected  by  Ellis,  one  hundred  and  fifty-seven  were  in  the  kidney, 
three  in  the  adrenals,  two  in  the  liver,  and  one  in  the  uterus.  The  fre- 
quency of  hypernephroma  may  be  indicated  by  the  fact  that  Albarran  and 
Imbert  give  the  number  of  tumors  of  the  kidney  reported  from  1890  to 
1902  as  five  hundred  and  eighty-eight.  Seventeen  per  cent,  belong  to 
the  hypemephromata.  In  ten  years  twenty-eight  cases  were  observed  in 
the  second  surgical  clinic  of  Vienna.  I  myself  have  operated  on  two 
cases. 

Symptoms. — Malignant  tumors  of  the  kidney  may  remain  latent  for  a 
considerable  length  of  time.  Until  the  detection  of  a  tumor  affords  the 
only  positive  symptom  of  renal  growth,  hematuria  and  pain  are  the  chief 
factors  directing  attention  to  the  kidney.  Unfortunately,  a  tumor  is 
often  not  found  until  it  has  attained  considerable  size. 

Hematuria  with  or  without  renal  colic  is  the  most  constant  symptom, 
and  according  to  Israel,  is  found  in  70  per  cent,  of  the  cases  as  one  of 
the  earliest  symptoms.  The  hemorrhage  is  ordinarily  spontaneous,  very 
profuse,  and  its  end  is  as  sudden  as  its  beginning.  The  intervals  between 
the  hemorrhages  may  vary  from  a  number  of  days  to  many  weeks  and  even 
months.  In  cases  of  hypernephroma  an  interval  of  five  years  has  been 
observed  between  the  attacks.  In  benign  growths  hematuria  is  not  a  con- 
spicuous symptom.  In  hypernephroma  which  in  its  beginning  is  encap- 
sulated, hematuria  is  less  frequent  than  in  other  malignant  growths.  In 
twenty-six  cases  carefully  examined  by  Phaulner,  hematuria  was  present 
in  seven.  Hochenegg  found  it  eleven  times  in  twenty-eight  cases.  The 
hemorrhage  is  due  to  extension  of  the  growth  into  the  renal  pelvis  or,  in  the 
absence  of  this,  to  venous  stasis  by  pressure. 

Other  changes  in  the  urine  are  rather  infrequent.  In  the  inten-als 
microscopic  hematurias  have  often  been  observed,  although  in  most  cases 
urinalysis  is  negative.  Separation  of  the  urines,  therefore,  is  of  less  value 
for  diagnostic  purposes  than  in  other  surgical  affections  of  the  kidney. 

Pain  is  an  almost  constant  symptom  in  adults.  In  children  I  have 
obsen^ed  large  renal  tumors  pursue  a  painless  course.  The  pain  is  ordi- 
narily of  dull  aching  character,  and  more  rarely  of  lancinating  nature. 

Cachectic  symptoms  with  emaciation  and  secondary  anemia  develop 
late,  although  in  some  cases  there  is  a  very  rapid  loss  of  weight. 

Fever,  according  to  Kiister,  was  found  in  thirteen  cases.  Hochenegg 
found  it  three  times  in  twenty-eight  cases;  this,  too,  when  sepsis  could 
be  positively  excluded. 

In  most  cases  the  presence  of  a  tumor  is  the  first  evidence  of  the 
nature  of  the  disease.  This  applies  particularly  to  the  renal  tumors  of  chil- 
dren. The  tumor,  except  when  it  develops  in  a  movable  kidney,  occupies 
the  lumbar  region.  Bulging  in  the  lumbar  region  is  unusual,  the  ten- 
dency of  the  growth  being  fon\'ard  and  downward.     By  bimanual  exami- 
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nation  relatively  small  tumors  are  discoverable.  Frequently  they  are 
slightly  mobile  and  are  influenced  by  respiration. 

Percussion  yields  a  dull  note,  continuous  to  the  spine,  with  the  tympa- 
nitic resonance  of  the  colon  in  front  or  to  the  inner  side.  Guyon  first 
called  attention  to  varicocele  as  a  symptom  of  renal  tumors.  It  is  rapid 
in  development  and  has  been  observed  on  both  sides.  Its  occurrence  after 
the  fortieth  year  justifies  the  suspicion  of  a  renal  growth.  It  may  be  due 
to  growth  thrombosis  of  the  left  renal  vein  or  of  the  vena  cava,  or  to  direct 
pressure  from  the  tumor  or  infected  retroperitoneal  lymph-nodes.  From 
pressure  on  or  occlusion  of  the  vena  cava,  edema  of  the  lower  extremities 
quite  often  occurs  in  the  later  periods  of  renal  growths.  The  differential 
diagnosis  as  to  the  nature  of  a  solid  tumor  is,  as  a  rule,  impossible.  Rap- 
idly growing  timiors,  particularly  in  children,  are  probably  sarcomatous. 
Tumors  of  slow  growth  probably  belong  to  the  hypemephromata.  For 
practical  purposes  a  solid  tumor  of  the  kidney  is  maUgnant. 

Treatment. — Treatment  can  consist  only  of  nephrectomy.  Contra- 
indications to  the  operation  exist  in  such  fixation  of  the  tumor  as  would 
render  the  operation  exceedingly  difficult,  and  with  Uttle  prospect  of  a 
permanent  result  and  the  presence  of  metastases.  The  long  bones  must 
be  particularly  examined  into,  and,  as  Israel  has  pointed  out,  vague 
rheumatic  pains  must  be  regarded  with  suspicion  of  an  existing  metastasis. 

In  cancers  of  the  kidney,  as  of  other  organs,  early  diagnosis  while  the 
tumor  is  still  relatively  small  will  justify  nephrectomy.  The  sarcomata 
too  of  young  children,  which  for  a  time  presented  a  very  high  mortaUty 
after  operation,  justify  a  nephrectomy. 

A  nephrectomy  may  be  performed  by  a  lumbar  or  transperitoneal  in- 
cision. Whenever  feasible,  the  former  should  be  given  the  preference; 
although  when  the  tumor  projects  far  forward  and  becomes  an  intra- 
abdominal growth,  the  lumbar  incision  can  be  carried  forward  quite  to  the 
rectus,  whereby  ample  room  is  aflforded.  By  the  lumbar  operation,  when 
the  tumor  is  large,  it  can  be  removed  piecemeal,  although  whenever 
possible  this  should  be  avoided.  Tuffier  in  such  a  case  firmly  tied  a 
catheter  about  the  lower  half  of  the  tumor  and  removed  it  with  the 
thermocautery.  The  upper  portion  of  the  tumor  could  then  be  removed 
very  easily.  When  large  tumors  must  be  removed  by  the  abdominal 
incision,  hemorrhage  can  be  reduced  to  a  minimum  by  the  tying  or  clamp- 
ing off  of  the  renal  vessels  before  the  enucleation  of  the  tumor  mass  is 
begun.  In  tumors,  particularly  removed  by  the  lumbar  route,  when  it  is 
difficult  to  apply  a  hgature  to  the  pedicle,  a  clamp  may  be  allowed  to  re- 
main with  safety  for  a  number  of  days. 

The  mortaUty  of  nephrectomy  for  malignant  disease  has  been  greatly 
reduced.  Kiister  places  it  at  about  25  per  cent.  Schmieden  found  that 
one  hundred  and  eight  out  of  three  hundred  and  twenty-nine  patients,  or 
32  per  cent.,  died  after  the  operation.  According  to  decades  in  the  history 
of  renal  surgery,  the  mortality  has  been  reduced  from  64i  per  cent,  in  the 
first  decade  to  22  per  cent,  in  the  third.  Even  in  young  children  the 
mortality  of  nephrectomy  for  sarcoma  is  being  greatly  reduced.  Abbe 
has  reported  two  successful  operations,  the  cases  living  one  and  a  half  years 
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after  and  continuing  in  good  health;  and  I  have  one  in  which  two 
and  a  half  years  have  passed  since  the  operation  was  performed.  Prob- 
ably the  best  results  hitherto  obtained  are  those  of  Israel,  who  out  of 
forty-three  nephrectomies  lost  but  eight.  According  to  Wagner,  penna- 
nent  cures,  of  from  two  to  eighteen  years,  have  been  recorded  in  thirty- 
four  cases.  Twenty-one  cases,  according  to  him,  have  passed  the  three- 
year  limit. 

Benign  Tumors* — Benign  tumors  of  the  kidney  are  very  rare,  forming, 
according  to  Morris,  only  6  per  cent,  of  renal  growths.  They  have  been 
of  all  the  varieties  of  the  connective-tissue  group.  The  fibromata  and 
lipomata  predominate,  but  myomata,  chondromata,  and  osteomata  of  the 
kidney  have  been  observed.  In  very  rare  cases  adenomata  have  been 
described.  Most  benign  tumors  of  the  kidney  run  a  latent  course  until,  by 
their  size,  they  produce  symptoms.  Hematuria  is  very  unusual.  The 
diagnosis  of  these  tumors  presents  such  difficulties  that  in  most  cases  it 
was  not  made  until  operation.  The  treatment  of  benign  tumors  of  the 
kidney  consists  of  nephrectomy.  In  a  number  of  cases  resection  of  the 
kidney  has  been  practised  with  success.  In  view  of  the  enormous  pre- 
ponderance of  malignant  over  benign  tumors,  and  the  uncertainty  which 
must  always  obtain  regarding  the  diagnosis,  nephrectomy  must  be  the 
routine  operation  for  all  growths  of  the  kidney. 

Tumors  of  the  Pelvis  of  the  Kidney.— Of  sixty-eight  cases  of 
renal  tumors  observed  by  Israel,  two  only  were  of  the  renal  pelvis.  Ad- 
ditional cases  have  since  been  recorded  and  collected  by  Albarran;  Pels- 
lueden  reports  two  other  cases.  The  tumors  are  most  frequently  papillo- 
mata  of  epithelial  origin.  The  remaining  tumors  were  either  rhabdo- 
myomata  or  sarcomata.  Most  of  these  tumors  occurred  in  the  fourth 
or  fifth  decades.  The  symptoms  are  those  of  malignant  renal  tumors  in 
general,  with  what  Israel  believes  to  be  a  characteristic  symptom,  an  in- 
termittent hydronephrosis  or  hematonephrosis.  The  treatment  consists 
of  nephrectomy,  with  removal  of  as  much  of  the  ureter  as  possible,  since 
the  papillomata  particularly  have  a  tendency  to  grow  downward. 

Aneurism  of  the  Renal  Artery.— Of  this  rare  condition  Morris 
has  given  abstracts  of  nineteen  cases.  It  occurs  as  a  result  of  injury,  and 
assumes  either  the  sacciform  or  the  diffuse  type.  In  most  cases  the  aneur- 
ism resulted  from  an  injury^,  often  of  seemingly  slight  moment,  and  with  or 
without  discernible  injury  to  the  kidney.  Of  the  nineteen  cases,  twelve 
were  traumatic  and  seven  spontaneous.  The  results  of  aneurism  on  the 
kidney  are  atrophy  of  more  or  less  of  the  gland,  either  by  pressure 
from  without  or  from  within  the  pelvis  by  distention.  The  matting  to- 
gether of  the  structures,  adjacent  to  the  aneurism  makes  the  differentiation 
of  anatomic  structures  often  difficult,  if  not  impossible.  As  the  aneurism 
grows  it  causes  displacement,  as  do  tumors  of  the  kidney  proper.  Death 
results  from  hemorrhage. 

Symptoms. — In  four  out  of  twelve  cases  abstracted  by  Keen  the  an- 
eurism produced  no  symptoms,  and  was  discovered  at  the  necropsy.  A 
tumor  is  the  first  symptom  in  most  of  the  cases  discovered  during  life. 
It  has  been  found,  as  a  rule,  smooth  and  elastic,  and  of  rapid  growth. 
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The  diagnosis  has  rarely  been  made  before  operation.  On  account  of  the 
small  size  of  the  renal  artery  as  compared  with  the  sac,  pulsation  has  very 
rarely  been  observed,  and  auscultation  has  been  negative.  Hematuria 
is  a  most  important  symptom,  although  it  is  absent  unless  the  aneurism 
communicates  with  the  renal  pelvis.  In  some  cases  the  hemorrhage  rap- 
idly becomes  fatal.  A  positive  diagnosis  has  been  made  in  only  one  case 
before  operation.  The  treatment  consists  of  nephrectomy.  In  most 
cases  the  operation  wall  be  exploratory  for  a  supposed  tumor  of  the  kidney. 
If  the  incision  reveals  the  aneurismal  nature  of  the  timior  by  the  presence 
of  laminated  blood-clots,  it  is  best  to  check  the  hemorrhage  by  suturing 
the  wound  in  the  sac  or  by  packing,  then  to  follow  the  advice  of  Morris,  to 
made  a  transperitoneal  operation  by  opening  the  abdomen  in  front. 
The  renal  artery  can  in  this  way  be  secured  before  treating  the  aneurismal 
sac  and  removing  the  kidney.  Four  cases  have  been  operated  upon :  three 
of  them  successfully  by  Albert,  Hahn,  and  Keen.  Morris  had  one  un- 
successful case. 


INJURIES  AND  DISEASES  OF  THE  URETER. 

Injuries  of  the  Ureter. — These  may  be  divided  into  the  subparie- 
tal,  the  penetrating,  and  those  resulting  in  the  course  of  surgical  opera- 
tions. Wounds  of  the  ureter  of  subcutaneous  nature,  except  those  in- 
volving the  upper  portion  and  extending  into  the  pelvis  of  the  kidney  or 
the  kidney  proper,  are  exceedingly  rare.  Morris  could  collect  only  twenty- 
four  supposed  cases,  of  which  he  says  that  only  three  were  actually  proved 
to  be  ruptures  of  the  ureter.  In  most  of  the  remaining  cases  a  lumbar 
swelling  or  a  hydronephrosis  gave  rise  to  the  diagnosis.  In  some  of  the 
cases  many  years  elapsed  between  the  supposed  injury  of  the  ureter  and 
the  formation  of  a  tumor. 

The  injuries  have  for  the  most  part  been  severe  contusions,  by  which 
the  ureter,  usually  at  its  upper  portion,  was  forced  against  the  transverse 
process  of  a  lumbar  vertebra.  It  may  be  that  excessive  stretching  of  the 
ureter  may  cause  it  to  give  way.  The  peritoneum  does  not  ordinarily 
participate  in  the  tear.  The  injury  has  occurred  oftenest  in  the  earlier 
decades. 

Penetrating  and  perforating  wounds  of  the  ureter  have  been  recorded 
a  few  times  in  military  annals.  They  have  resulted  from  stabs  and  gun- 
shot injuries.  In  most  of  them  concomitant  injuries  to  other  abdominal 
viscera  were  present. 

Symptoms. — The  urinary  symptoms  of  rupture  of  the  ureter  are  very 
uncertain.  Hematuria,  if  present  at  all,  is  apt  to.be  shght  and  transient. 
The  quantity  of  urine  may  be  considerably  decreased.  The  chief  symp- 
tom of  rupture  of  the  ureter  is  a  tumor,  diffuse  in  character,  clearly  fluctuat- 
ing and  evidently  retroperitoneal.  The  shape  of  the  tumor  may  be  that 
of  a  hydronephrotic  kidney.  The  nature  of  the  rupture,  whether  it  is 
slight  or  complete,  will  determine  the  rapidity  with  which  this  tumor 
manifests  itself.  Even  when  there  is  a  complete  tear,  an  inroUing  of  the  ure- 
teral mucosa  may  prevent  rapid  urinary  exudation.    As  a  result  of  shock  or 
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reflex  anuria  from  ureteral  obstruction,  the  formation  of  the  tumor  may 
also  be  delayed.  If  the  tear  is  a  small  one  and  the  urinary  exudation 
therefore  slow,  this  may  become  inclosed  by  a  thick  wall  and  produce  the 
condition  of  pseudo-hydronephrosis.  If  infection  occurs,  as  it  has  in  a 
considerable  proportion  of  cases,  it  may  lead  to  sloughing  and  the  estabUsh- 
ment  of  a  ureteral  fistula.  As  the  result  of  an  incomplete  tear,  stricture  of 
the  ureter  may  result,  with  the  establishment,  often  after  a  number  of 
years,  of  a  hydronephrosis.  In  a  few  cases  extravasation  within  the 
peritoneal  cavity  has  occurred,  and  in  them  the  characteristic  tumor  was 
absent. 

The  diagnosis  of  rupture  of  the  ureter  without  ureteral  catheteriza- 
tion cannot  be  positively  made,  since  rupture  of  the  kidney,  and  particu- 
larly of  the  pelvis,  may  produce  similar  symptoms. 

The  treatment,  if  the  diagnosis  could  be  made,  would  be  the  exposure 
of  the  ureter  by  a  long  lumbar  incision,  and  the  closure  of  the  tear  in  the 
ureter  as  after  ureterotomy  for  stone,  or,  in  case  of  complete  division,  the 
lateral  implantation  of  the  proximal  end.  In  most  cases,  however,  the 
surgeon  must  content  himself  with  the  opening  of  the  retroperitoneal 
swelUng  through  a  long  incision,  and  the  recorded  cases  show  that  this  has 
hitherto  been  done  at  so  late  a  period  that  the  finding  of  the  ureteral  tear 
was  impossible.  Where  plastic  operations  fail,  nephrectomy  may  be 
required  for  the  relief  of  a  permanent  fistula. 

Wounds  of  the  ureter  from  surgical  operation,  other  than  those 
intended  for  the  removal  of  a  stone  or  some  plastic  procedure,  result  mostly 
from  pelvic  operations,  in  which  the  uterus  or  adherent  appendages  are 
removed.  Allied  thereto  are  the  ureteral  fistulas,  which  remain  after 
severe  parturition  with  long  compression  of  the  soft  parts  and  subsequent 
sloughing.  In  abdomino-pelvic  operations  the  injury  to  the  ureter  may 
be  discovered  at  the  time  of  the  operation,  or  it  may  not  make  itself 
manifest  until  some  time  thereafter.  The  catheterization  of  the  ureters, 
as  practised  by  Pawlik,  Kelly,  and  others,  reduces  to  a  minimum  the 
danger  of  injuring  the  ureters.  Nevertheless,  in  consequence  of  mass 
Ugatures  or  of  using  the  thermocautery,  sloughing  of  the  ureteral  wall  may 
result  and  give  rise  to  a  fistula. 

Symptoms. — An  operative  wound  of  the  ureter  may  make  itself  mani- 
fest at  once  to  inspection  or  later  by  the  establishment  of  a  ureteral  fistula. 
This  may  show  itself  in  the  vagina,  in  the  uterus,  or  in  the  abdominal  in- 
cision. If  the  wound  is  not  recognized  at  once,  it  may  be  difficult,  after 
the  establishment  of  the  fistula,  to  determine  the  side  of  the  injury. 
Cystoscopic  examination  will  probably  solve  the  problem.  Vaginal  ure- 
teral fistulas  not  infrequently  heal  spontaneously  after  the  lapse  of  a  num- 
ber of  weeks.  Other  fistulas,  as  a  rule,  continue  to  discharge,  and  unfor- 
tunately often  become  infected  and  give  rise  to  ascending  ureteritis,  and 
ultimately  to  pyelonephritis. 

The  treatment  of  a  surgical  wound  of  the  ureter  depends  upon  the  time 
at  which  it  is  discovered.  If  it  is  seen  at  the  time  of  the  operation  and 
is  slight,  a  suture  should  at  once  be  applied,  as  is  sometimes  done  after 
ureterolithotomy.    For  transverse  divisions,  it  is  best  to  graft  the  upper 
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end  into  the  bladder  at  once.  Since  the  wound  in  most  cases  is  near  the 
floor  of  the  pelvis,  this  would  be  practicable  in  most  instances.  Where 
neither  of  these  plans  is  feasible,  the  proximal  end  may  have  to  be 
fastened  in  the  abdominal  wound  >^ith  the  view  to  a  secondary'  nephrec- 
tomy. The  best  method  is  that  of  vesical  implantation.  In  a  ver>'  con- 
siderable proportion  of  cases  all  conservative  methods  will  fail  and  make  a 
nephrectomy  necessary  for  the  cure  of  the  fistula. 

Ureteritis  and  Peri-ureteritis.— Primary  inflammations  of  the 
ureter  are  exceedingly  rare.  A  few  cases  have  been  recorded  by 
Israel,  White,  and  others.  Usually  the  disease  extends  upward  from  the 
bladder  or  downward  from  the  kidney.  The  ascending  variety  occurs 
oftener  than  the  descending.  It  follows  microbic  infection  of  the  bladder 
and  has  often  been  demonstrated  to  be  of  gonorrheal  nature.  Deformity 
of  the  base  of  the  bladder  from  urethral  stricture  or  prostatic  disease  pre- 
disposes to  it.    Descending  ureteritis  is  often  associated  with  tuberculosis. 

The  effect  of  infection  on  the  ureter  varies  greatly.  Frequently 
mechanical  changes  result  in  obstruction,  and  dilatation  of  the  ureter 
above  may  result.  This  dilatation  is  often  very  irregular.  Suppurative 
inflammation  in  the  walls  of  such  dilated  ureters  and  peri-ureteritis  are 
prone  to  occur.  In  other,  and  particularly  chronic,  cases,  the  ureter  may 
be  very  much  thickened,  with  irregularities  of  the  lumen  and  great  thicken- 
ing of  the  peri-ureteral  tissues.  Stricture  and  valve  formation  are  not 
unusual  in  this  type.  Saccular  dilatations  of  limited  length  may  result 
from  them.  Ureteritis,  although  secondary  to  bladder  and  kidney  disease, 
may  persist  after  the  reUef  of  the  former  or  the  removal  of  the  affected 
kidney.  Ureteritis  and  peri-ureteritis  often  cause  the  continuance  of  a 
purulent  discharge  from  a  fistula  after  nephrectomy. 

Symptoms. — The  symptoms  of  inflammation  of  the  ureter  are  always 
grafted  upon  those  caused  by  pre-existing  disease  of  the  bladder  or  other 
pelvic  organs  or  of  the  kidney.  Ureteritis  may  then  be  suspected  when 
radiating  ureteral  pains  are  complained  of,  or  there  is  a  dull  constant  pain 
over  the  pelvic  brim.  Deep  palpation  may  elicit  tenderness,  and  in  thin 
subjects  make  the  recognition  of  the  enlarged  and  tender  ureter  possible. 
Rectal  and  particularly  vaginal  examinations  are  often  helpful  by  eUciting 
tenderness.  Ureteral  catheterization  has  in  a  number  of  cases  established 
the  diagnosis.  In  exceptional  cases  peri-ureteral  suppuration  may  give 
rise  to  abscesses,  which,  whether  they  open  spontaneously  or  are  opened, 
may  leave  a  ureteral  fistula. 

The  treatment  of  ureteritis  is  in  most  cases  prophylactic.  When  the 
disease  has  already  developed  and  is  not  associated  ^\dth  an  incurable 
disease  of  the  bladder  or  ureter,  some  very  excellent  results  may  be 
achieved  by  ureteral  irrigation.  In  the  descending  form  of  the  disease 
drainage  of  the  kidney  or  eventually  nephrectomy  may  be  needed  to 
cure  the  ureteral  infection.  As  already  stated,  this  radical  measure 
may  fail,  and  the  necessity  arise  for  removing  the  ureter  by  a  later 
operation. 

Stone  in  the  Ureter. — Stones  in  the  ureter  are  of  more  frequent 
occurrence  than  was  telieved  before  our  methods  of  diagnosis  were  per- 
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fected.  Leonard  believes  that  in  cases  not  operated  upon  ureteral  calculi 
often  exceed  the  renal  in  the  proportion  of  two  to  one,  and  in  a  slightly 
lower  proportion  in  operated  cases.  In  its  descent  from  the  bladder  a 
stone  is  prone  to  be  arrested  about  two  inches  from  the  pelvis  of  the  kid- 
ney, at  the  brim  of  the  pelvis  or  just  above  the  ureteral  orifice.  Morris 
in  forty-four  cases  found  it  nineteen  times  at  the  upper  constriction,  at 
the  pelvic  brim  in  ten,  and  near  the  ureteral  orifice  in  fifteen.  Bovee 
collected  sixty-four  extraperitoneal  operations  that  bear  out  this  propor- 
tion. A  stone  impacted  in  the  ureter  may  remain  for  a  long  time.  Young 
reports  a  case  of  probably  twenty-seven  years^  duration.    Ureteral  calculi 


Fig.  129. — Stones  in    Pelvis  of  Kidney  and  Urj^ter;    the  Lowest  was  Removed  per 

Vaginam. 

are  usually  single,  but  may  be  multiple.  As  in  one  of  my  cases,  from 
which  the  accompanying  skiagram  was  taken  (Fig.  129),  the  entire  ureter 
was  filled  with  large  stones.  As  a  rule,  stones  are  oval  or  oblong,  and 
vary  greatly  in  size.  Very  rarely  the  stone  shows  a  groove  by  which 
retention  symptoms  may  be  prevented.  In  some  cases  a  stone  impacted  in 
the  ureteral  orifice  projects  into  the  bladder. 

Symptoms. — Ureteral  calculi,  except  when  in  the  low^er  end  of  the 
ureter,  present  no  distinctive  symptoms.  Negative  operations  on  the 
kidney  for  stone,  if  followed  by  catheterization,  sometimes  reveal  a  stone 
in  the  ureter.  Sometimes,  after  most  thorough  exploration  of  the  kidney, 
a  stone  in  the  ureter  will  subsequently  be  passed.    The  persistence  of  the 
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attacks  of  colic,  the  writer  believes,  speaks  for  ureteral  rather  than  renal 
stone.  Occasionally  a  distinct  point  of  tenderness  in  the  course  of  the 
ureter  may  be  found.  When  the  stone  is  lodged  in  the  lower  ureter,  the 
vesical  symptoms  predominate  even  before  the  stone  has  entered  the 
bladder.  Ureteral  catheterization,  if  feasible,  with  a  wax-tipped  bougie 
is  the  best  evidence  of  a  ureteral  stone.  A  positive  skiagram  is  excellent 
evidence,  although,  as  stated  in  a  former  section,  errors  can  easily  arise. 
Stones  in  the  lower  part  of  the  ureter  can,  not  infrequently,  be  felt  through 
the  vagina  or  the  rectum.  .  As  a  routine  practice  in  laparotomy,  wherever 
feasible,  palpation  of  the  ureter  should  be  carried  as  far  as  possible  for  the 
detection  of  calculi. 

The  prognosis  of  stone  in  the  ureter  largely  depends  upon  its  effect  on 
the  kidney.  If  the  obstruction  is  sudden  and  complete,  atrophy  of  the 
kidney,  often  without  previous  dilatation,  will  result.  If  the  impaction 
is  intermittent,  an  intermittent  hydronephrosis  has  often  been  observed. 
Most  depends,  of  course,  upon  the  condition  of  the  other  kidney.  The 
sudden  impaction  of  a  calculus  is  the  most  common  cause  of  anuria.  A 
stone  weighing  but  a  grain  and  a  half  has  been  known  to  cause  death. 
Sometimes,  in  the  absence  of  disease  on  the  other  side,  the  sudden  im- 
paction of  a  calculus  may  cause  a  reflex  fatal  anuria,  as  after  a  nephrectomy 
when  the  opposite  kidney  is  found  normal  in  every  way.  The  prognosis 
of  ureteral  stone  in  the  absence  of  anuria,  when  it  is  most  grave,  varies 
according  to  the  rapidity  with  which  the  stone  passes,  the  pressure  effects 
produced  by  it  upon  the  ureteral  wall,  and  eventually  on  the  peri-ureteral 
tissues.  A  stone  may  be  impacted  in  the  ureter  for  many  years  or  may 
become  fatal  in  a  few  days  by  inducing  anuria. 

Treatment. — That  ureteral  calculi  may  be  passed  safely  is  unquestion- 
able. Cabot  believes  in  the  efficacy  of  massage  in  advancing  the  stone. 
When  symptoms  recur  frequently  or  continuous  p>njria  indicates  the 
danger  to  the  kidney,  and,  of  course,  when  anuria  exists,  an  operation  for 
the  removal  of  the  stone  is  indicated.  Deaver  lately  collected  twenty- 
five  operations  for  ureteral  stone  with  two  deaths.  In  calculous  anuria 
the  operation  should  not  be  delayed  more  than  forty-eight  hours,  lest  the 
functional  restoration  of  the  kidney  be  impaired.  Recoveries  have  en- 
sued, of  course,  after  anurias  of  seven  days'  standing,  but  these  are  ex- 
ceptional. Calculous  anuria  left  to  itself,  according  to  Legue,  has  a 
mortality  of  73  per  cent.,  whereas  operation  reduces  it  to  33  per  cent. 
Since  these  statistics  have  been  published,  the  post-operative  results  have 
been  ver}^  much  improved. 

Stones  found  in  the  upper  part  of  the  ureter  during  an  operation  for 
kidney  stone  may,  by  manipulation,  be  brought  into  the  kidney  wound. 
For  all  other  stones  of  the  ureter,  except  those  in  the  very  lowest  segments, 
the  retroperitoneal  operation  is  to  be  selected.  Even  for  them  successful 
extraperitoneal  operations  have  recently  been  done.  Young  reports 
a  number  of  cases  thus  operated  upon.  The  perineal  and  sacral  routes, 
which  have  recently  been  advised  for  the  removal  of  stones  low  down  in 
the  ureter,  are  not  to  be  commended.  If  the  stone  is  very  near  the 
bladder,  it  can  be  removed  by  suprapubic  section  in  the  male  or  through 
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the  vagina  in  the  female.  In  the  latter  intravesical  operations  may  be 
done  through  the  dilated  urethra.  Intra-ureteral  forceps  have  been  de- 
vised by  Lewis,  but  the  range  of  their  utility  must  always  be  narrow. 

Stones  in  the  remaining  portion  of  the  ureter  can  be  removed  by  the 
retroperitoneal  operation  to  be  described  later.  In  a  number  of  cases  it 
has  been  necessary  to  make  an  exploratory  laparotomy  to  locate  the 
stone.  When  the  stone  has  been  exposed  by  the  retroperitoneal  route  and 
cannot  be  dislodged,  the  ureter  must  be  incised  longitudinally.  After  the 
removal  of  the  stone  a  double  row  of  sutures  may  be  used,  one  for  the 
mucosa,  of  catgut,  and  another  for  the  outer  tunics.  But  even  if  sutures 
are  not  employed,  the  wound  in  the  ureter  usually  closes  after  a  short 
time.  Fiori  (quoted  by  Deaver)  incised  the  ureter  for  over  six  inches, 
removing  twelve  small  stones.  A  permanent  union  was  soon  established. 
In  every  ureteral  operation  drainage  must  be  employed. 

With  the  certainty  with  which  radiography  locates  stones  in  the 
kidney,  it  is  no  longer  necessary,  as  was  formerly  the  case,  to  explore  the 
kidney  by  incision  in  uretero-lithotomy.  The  sounding  of  the  pelvis  of 
the  kidney  from  the  ureteral  wound  must  not  be  neglected. 

Tumors  of  the  Ureter. — Primary  tumors  of  the  ureter  are 
exceedingly  rare.  Those  of  the  pelvis  of  the  kidney,  notably  of  the  papil- 
lomatous type,  have  a  tendency  to  invade  the  ureter.  According  to 
Albarran,  who  collected  forty-two  cases,  those  from  renal  descent  were 
twice  as  numerous  as  the  primary  ureteral  growths.  The  tumors  have 
been  of  various  kinds.  Papillomata  are  perhaps  the  most  conunon. 
Minute  cysts  have  been  found  upon  the  mucosa  of  both  ureters,  and 
larger  cysts  related  to  the  exterior  of  the  tube,  but  connected  with  the 
lumen  by  a  fine  channel.  Eccentric  cyst  dilatation  of  the  intravesical 
portion  of  the  ureter  has  also  been  encountered. 

Primary  malignant  disease  has  rarely  been  observed.  Metcalf  and 
Safford  were  enabled  to  collect  only  seven  cases.  Tumors  of  the  ureter 
in  a  large  proportion  of  cases  are  associated  with  stone. 

The  etiology  of  ureteral  tumors  is  unkno\Mi.  The  symptoms  are 
those  of  tumors  of  the  kidney,  notably,  hematuria,  pain,  and  the  presence 
of  a  tumor.  In  some  of  the  cases  the  pain  has  largely  been  sacral.  The 
hematuria,  to  be  diagnostic,  must  be  dissociated  from  pyuria,  and  even  then 
the  diagnosis  is  doubtful  as  to  whether  the  tumor  is  in  the  ureter  or  in 
the  kidney.  If  cystoscopic  examination  reveals  a  prolapse  of  a  tumor 
mass  through  the  orifice,  or  if  ^ith  renal  symptoms  ureteral  catheteriza- 
tion yields  an  obstruction,  the  detection  of  even  a  slight  induration  in  the 
course  of  the  ureter  may  warrant  a  diagnosis  of  ureteral  tumor.  In  most 
cases,  doubtless,  the  kidney  will  be  first  suspected. 

Treatment. — ^Tumors  of  the  ureter  have  been  so  rarely  operated  upon 
that  the  treatment  must  be  based  upon  general  principles.  In  most  cases 
the  diagnosis  will  be  made  or  confirmed  only  at  operation.  In  extensive 
disease,  the  other  kidney  permitting,  nephrectomy  with  resection  of  the 
ureter  must  be  done.  In  diseases  of  the  lower  end,  resection  of  this  with 
vesical  implantation  of  the  upper  end  is  the  plan  to  be  pursued.  In  case 
the  bladder  is  involved,  its  resection  with  the  lower  end  of  the  ureter  may 
be  done  through  a  suprapubic  section. 


254      SURGERY   OF   KIDNEY,    URETER,   AND   SUPRARENAL  GLAND. 

OPERATIONS  ON  THE  KIDNEY  AND  URETER. 

Exposing   the    Kidney* — For    the    purpose    of    exploration,    in- 
cision, fixation,  or  removal,  the  kidney  may  be  reached,  first,  through 


Fig.  130. — Obdinaby  Explobatory  Loin  Incision  for  Expobinq  the  Kidney  (Greene  and 

Brooks). 

the  lumbar  or  extraperitoneal  route;   second,  through  the  abdominal  or 
transperitoneal;   and  third,  through  the  mixed  route,  by  which,  if  need 


Fig.  131. — Edebohls'  Incision  for  Exposing  the  Kidney  (Greene  and  Brooks). 

be,  the  peritoneum  is  open.    The  normal  method  is  the  lumbar  one. 
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For  this  purpose  the  patient  is  placed  upon  the  sound  side,  slightly  in- 
clined forward,  with  the  costo-iliac  space  of  the  sound  side  elevated  as 
much  as  possible  by  sand-bags  or  preferably  by  the  rest  shelf  of  Cun- 
ningham's operating  table.  Some  operators,  following  the  lead  of 
Edebohls,  place  the  patient  in  abdominal  decubitus  upon  an  inflated  air- 
cushion. 

1.  For  exposing  the  kidney  the  lumbar  incision  is  either  vertical 
or  oblique.  The  latter  is  the  one  most  frequently  used  (Figs.  130, 
131). 

Beginning  near  the  center  of  the  last  rib,  at  the  outer  edge  of  the  sacro- 
lumbar  furrow,  the  incision  descends  obliquely  forward  toward  the  superior 
iliac  spine,  whence  it  is  curved  a  little  forward.  This  incision  may  be  con- 
tinued parallel  to  Poupart's  ligament  to  any  required  length.  After 
dividing  the  subcutaneous  cellular  layers,  a  division  is  made  of  the  lower 
fibers  of  the  latissimus  in  the  upper  part  of  the  wound,  and  of  the  external 
and  internal  oblique  and  the  transversalis  in  the  lower  part.  Where  a 
large  wound  is  not  needed,  the  '*  gridiron"  method  may  be  employed, 
the  separation  of  the  muscular  fibers  being  made  in  their  direction.  When 
this  is  done,  the  hemorrhage  is  less  severe,  and  the  danger  of  hernia  is 
reduced  to  a  minimum;  but  where  an  extensive  operation  is  to  be  made, 
the  room  thereby  obtained  may  be  insufficient. 

The  aponeurosis  of  the  transversalis  and  its  fascia  are  next  divided 
in  the  line  of  the  cutaneous  incision.  At  the  bottom  of  the  wound 
there  will  probably  be  exposed  the  iliohypogastric  or  the  ilio-inguinal 
nerve.  The  twelfth  dorsal  nerv-e  with  its  accompanying  artery  may 
appear  in  the  upper  part  of  the  wound.  These  nerves  must  be  carefully 
avoided  in  the  placing  of  ligatures,  and  later  in  suturing.  Bleeding 
from  the  branches  of  the  lumbar  arteries,  which  is  usually  slight,  must 
be  arrested. 

At  this  stage  of  the  operation  the  perirenal  fat  usually  bulges  into  the 
incision.  If  it  does  not,  firm  pressure  by  an  assistant  on  the  abdomen 
usually  brings  it  into  the  wound.  This  perirenal  fat  is  next  to  be  divided 
with  a  knife  or  by  blunt  dissection,  when  the  fat  capsule  proper  of  the 
kidney  is  exposed  as  a  distinct  second  layer  (see  Anatomy,  p.  183).  The 
wound  being  now  widely  opened  by  retractors,  the  fat  capsule  is  best 
seized  quickly  by  two  ring  forceps  and  divided.  By  holding  it  up  by  two 
forceps  the  bluish  colored  kidney  is  quickly  seen  at  the  bottom  of  a 
sort  of  funnel  formed  by  holding  up  the  capsule.  Enucleation  is  there- 
after best  accomplished  by  the  fingers,  care  becomes  essential  when 
the  hilum  of  the  kidney  is  approached,  lest  the  thin-walled  veins  be 
torn.  If  the  kidney  occupy  a  high  position,  the  division  of  the  fascia 
must  be  made  quite  to  the  last  rib,  the  knife  being  guided  by  the  fingers 
in  the  wound. 

The  kidney  being  thus  denuded,  can  easily  be  brought  into  the  wound, 
and  unless  there  are  firm  adhesions,  particularly  about  the  hilum,  its 
delivery  is  easy. 

Inspection  and  palpation  of  the  kidney  and  the  upper  part  of  the  ureter 
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are  now  possible.  The  subsequent  steps  of  the  operation  upon  the  kidney 
or  ureter  will  depend  upon  the  condition  found. 

In  exposing  the  kidney  in  this  way  there  are  two  dangers:  one,  the 
wounding  of  the  peritoneum;  the  other,  of  incising  the  pleura.  The  first 
accident  is  easily  discovered  and  remedied  by  sutures.  For  the  removal 
of  large  tumors,  the  opening  of  the  peritoneum  may  become  necessary  to 
afford  room  for  manipulation. 

In  delivering  the  kidney,  the  inrush  of  air  may  make  a  beginner  sus- 
pect a  wound  of  the  pleura.  Except  in  congenital  absence  or  unusual 
shortness  of  the  last  rib  the  pleura  cannot  easily  be  wounded. 

2.  The  abdominal  route  to  the  kidney  is  either  through  the  middle 
line  or  through  the  outer  border  of  the  rectus  on  the  side  of  the  kidney  to 
be  reached.  On  the  left  side,  after  the  peritoneum  has  been  opened,  there 
will  be  encountered  the  descending  colon,  to  the  inner  side  of  which  the 
kidney  can  be  felt,  slightly  movable  behind  the  peritoneum.  The  pulsa- 
tions of  the  renal  vessels  can  usually  be  made  out.  On  the  right  side  the 
ascending  colon  is  first  exposed.  It  is  more  difficult  to  feel  the  kidney,  and 
especially  the  ureter,  concealed  behind  the  colon  and  the  cecum.  The 
hand  slipped  under  the  liver  to  the  outer  side  of  the  gall-bladder,  unless 
adhesions  prevent,  readily  brings  the  kidney  to  the  touch.  Incision  to 
expose  the  kidney  should  always  be  made  to  the  outer  side  of  the  colon, 
lest  the  wounding  of  the  retroperitoneal  vessels  supplying  the  colon  and 
their  tying  off  be  followed  by  gangrene  of  the  gut. 

3.  The  mixed  method  of  exposing  the  kidney  is  by  long  vertical 
incision  an  inch  or  more  to  the  outer  side  of  the  rectus.  When  the  perito- 
neum is  reached,  it  is  pushed  toward  the  middle  line  without  being  opened. 
If  necessary  for  the  removal  of  large  tumors  by  this  method,  the  perito- 
neum may  be  incised  as  far  as  need  be.  The  advantage  of  this  operation 
is  in  the  room  afforded.  Some  operators  make  altogether  a  trans- 
verse incision  from  the  sacrolumbar  mass  to  the  right  border  of  the 
rectus.  Except  for  nephrectomy,  and  that  for  large  tumors  only,  the 
lumbar  route  is  the  one  to  be  selected  as  the  normal  one  for  reaching  the 
kidney. 

Nephropexy. — A  vertical  or  oblique  incision  being  made  over  the 
kidney,  the  fat  capsule  is  exposed  and  drawn  into  the  wound.  Only  when 
this  is  opened  freely  can  the  surface  of  the  kidney  be  exposed.  Pressure 
on  the  abdomen  by  an  assistant  facilitates  the  delivery  of  the  kidney  and 
its  capsule  into  the  wound.  When  the  fat  capsule  is  very  loose,  it  is  best 
to  remove  as  much  of  it  as  possible  from  the  posterior  surface  and  often 
from  the  anterior.  An  important  factor  is  to  preserv^e  the  lower  part  of 
the  capsule,  which  is  in  relation  with  the  colon.  When  this,  toward  the 
close  of  the  operation,  is  firmly  drawTi  into  and  fixed  near  the  upper  angle 
of  the  fascial  wound,  it  ser\^es  as  a  sling  ligament  to  hold  the  kidney  as  on 
a  shelf  and  in  its  normal  oblique  position.  From  this  stage  of  the  opera- 
tion many  methods  of  procedure  are  feasible. 

In  my  hands  the  operation  which  has  given  the  best  results  con- 
sists of  splitting  the  capsule  of  the  kidney  along  the  convex  border 
over  its  upper  half.    A  trans\erse  incision  is  then  made  in  front  and 
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behind,  and  two  large  quadrangular  flaps  are  made,  exposing  from  four 
to  six  square  inches  of  the  surface  of  the  kidney.  Through  the  upper 
flaps  a  chromicized  catgut  suture  is  passed,  and  with  a  flat,  curved  dull 
needle  passed  close  to  but  above  the  last  rib.  The  anterior  and  pos- 
terior flaps  are  then  sewed  by  catgut  sutures  to  the  respective  margins 
of  the  fascial  wound.  The  lower  part  of  the  fat  capsule  is  utilized  as 
already  stated.  The  wound  is  closed  by  buried  sutures  without  drainage. 
Various  modifications  of  utilizing  the  capsule  have  been  practised.  Strips 
may  be  passed  through  the  muscle  in  various  ways.  Werelius  has  ad- 
vised what  he  terras  the  '*  basket  operation*'  (Fig.  132).  A  number  of 
operators  pass  sutures  through  the  kidney  substance.  Except  where 
kidney  fixation  follows  a  nephrotomy,  this  practice  ought  not,  in  the 
judgment  of  the  writer,  be  done. 

Believing  that  granulation 
tissue  forms  a  firmer  scar  than 
follows  clean  suturing,  Senn  ad- 
vised the  method  of  producing 
such  granulation  tissue  by  pass- 
ing a  strip  of  iodoform  gauze 
above  the  kidney  and  a  second 
packing  alx)ut  and  below  the 
kidney,  with  secondary  sutures 
completing  the  operation. 

Whatever  operation  is  per- 
formed, rest  in  bed  for  at  least 
from  four  to  six  weeks  is  to  be 
enforced. 

Capsule  Splitting.— Allied 
to  the  operation  of  nephropexy 
is  that  of  capsule  splitting  for 
the  relief  of  certain  forms  of 
nephritis  and  of  nephralgias  that 
are  intractable.  The  capsule  is 
split  along  the  convex  border 
and  stripped  from  the  kidney  to 

the  hilum.  In  some  cases  it  may  be  advisable,  after  the  practice  of 
Edebohls,  to  remove  the  capsule  entirely. 

Nephrotomy  is  the  operation  of  incising  the  kidney  for  explora- 
tion or  drainage,  for  the  removal  of  stone,  for  the  relief  of  unilateral 
nephralgias,  or  as  preliminary  to  plastic  operations  for  hydronephrosis 
or  pyonephrosis.  The  incision  into  the  kidney  varies  with  the  purpose 
of  the  operation.  In  every  case,  whether  long  or  short,  it  should  be  made 
a  little  posterior  to  the  convex  border,  hemorrhage  being  prevented  by 
the  fingers  of  an  assistant,  of  the  operator  himself,  or  by  a  padded  clamp, 
temporarily  shutting  off  the  blood-supply  to  the  kidney.  If  the  operation 
be  done  for  suppuration  or  distention  of  any  character,  the  incision  may 
be  made  through  the  most  fluctuating  area,  irrespective  of  its  relation  to 
the  non-vascular  zone.    The  final  steps  of  a  nephrotomy  depend  upon  the 
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-Nephropexy,  Basket  Operation 
(Werelius). 
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conditions  found.  If  the  kidney  is  aseptic,  or  in  other  conditions,  even 
if  natural  drainage  through  the  ureter  is  Ukely  to  take  place,  the  kidney 
wound  is  closed  with  deep  and  superficial  through-and-through  sutures 
of  catgut,  which  must  be  long  enough  to  serve  later  for  the  anchoring 
of  the  kidney  to  the  fascial  wound  margins. 

If  nephrotomy  is  done  for  suppuration,  drainage  by  means  of  a  large 
tube  is  indicated.  When  the  distention  with  pus  is  marked  and  the  justi- 
fication for  primary  nephrectomy  is  insuflficient,  the  cut  surfaces  of  the 
kidney  may  be  sewed  to  the  fascial  margins  of  the  lumbar  wound.  The 
fistula  thereby  may  eventually  close,  with  the  subsequent  retraction  of 
the  kidney  (nephrotresis). 

Nephrolithotomy. — The  preliminary  operation  is  that  of  neph- 
rotomy. When  a  stone  can  be  felt  in  the  pelvis,  the  incision  may  be 
made  directly  over  it,  and  in  the  direction  of  the  blood-vessels  of  the  hilum* 
It  is  often  best  in  these  cases  to  incise  the  kidney  rather  than  the  pelvis, 
since  incisions  of  the  latter  are  followed  by  fistula  very  much  oftener  than 
follow  incisions  into  the  cortex.  The  proportion  is  about  seven  to  one. 
The  incision  through  the  cortex  along  the  line  indicated  should  be  only 
long  enough  at  first  to  admit  the  finger  into  the  pelvis.  With  the  knowl- 
edge obtained  as  to  number  and  character  of  stones  by  a^ray  examina- 
tions, the  nephrotomy  wound  is  now  rarely  to  be  made  very  long.  The 
stone  can  be  removed  with  the  finger,  a  scoop,  or  forceps.  Wherever 
feasible,  the  ureter  must  be  sounded  quite  to  the  bladder.  Small  stones 
in  the  pelvic  outlet  require  special  care  lest  in  the  manipulation  for  their 
removal  they  be  pushed  into  the  ureter.  In  aseptic  nephrolithotomy 
the  wound  in  the  kidney  or  its  pelvis  is  closed  with  sutures.  For  suppu- 
rative pyelitis  with  distention,  drainage  is  required.  Aseptic  nephrolithot- 
omy has  a  mortality  of  from  2  to  5  per  cent.  In  suppurative  cases  the 
inmiediate  mortality  is  20  per  cent.  In  forty-four  operations  which  I 
collected  five  years  ago,  and  in  which  a  stone  was  not  found,  there  was  no 
death.  I  recently  lost  one  patient  from  shock  after  nephrotomy  for  the 
relief  of  severe  nephralgia,  the  cause  of  which  the  operation  failed  to 
reveal. 

Nephrectomy. — The  kidney  may  be  removed  through  the  lumbar, 
the  abdominal,  or  combined  incisions.  Except  for  solid  tumors  of  very 
great  size,  the  lumbar  route  is  the  normal  one. 

The  incision  usually  employed  is  the  oblique  incision  already  described 
for  exploration  of  the  kidneys,  for  kidney  drainage,  and  nephrolithotomy. 
It  should  be  of  ample  length.  In  rare  cases  a  subperiosteal  resection  of 
the  last  rib,  and  even  of  the  eleventh,  may  be  necessary  to  afford  sufficient 
room. 

Following  the  recommendation  of  Koenig,  some  operators  begm  with 
a  short  vertical  incision  extending  nearly  to  the  iliac  crest  along  the  outer 
border  of  the  erector  mass.  The  lower  end  of  the  incision  is  directed 
transversely  forward  and  continued  to  the  outer  border  of  the  rectus. 
All  of  the  abdominal  muscles  are  divided  layer  by  layer,  until  the  perito- 
neum is  reached.  This  is  pushed  toward  the  midline  without  being  opened. 
When  the  growth  is  a  large  one,  the  opening  of  the  peritoneum  may  not 


OPERATIONS  ON   THE   KIDNEY  AND   URETER.  259 

be  avoided.  While  this  incision  gives  very  ample  room,  there  is  an  un- 
necessary exposure  after  it  to  ventral  hernia. 

By  whatever  incision  the  kidney  is  exposed,  it  is  next  separated  from 
its  surroundings.  In  case  of  tuberculosis,  cystic  disease,  and  pyonephro- 
sis, it  must  be  shelled  out  from  its  fat  capsule.  In  many  cases  where 
enucleation  would  otherwise  be  very  difficult,  the  splitting  of  the  fibrous 
capsule  with  subsequent  decapsulation  will  greatly  facilitate  operation. 
When  perirenal  adhesions  are  extensive,  enucleation  of  the  kidney  may 
be  very  difficult.  It  is  better  then  to  divide  adhesions  with  a  scissors 
than  to  tear  through  them  by  main  force.  A  tear  in  the  kidney  at  this 
stage  of  the  operation,  before  the  blood-supply  is  under  control,  may 
give  rise  to  hemorrhage  which  may  be  excessive  and  greatly  interfere 
with  the  rapid  delivery  of  the  kidney.  Subcapsular  nephrectomy,  al- 
though occasionally  unavoidable,  should  not  be  made  the  routine  prac- 
tice, since  the  wound  repair  after  it  is  apt  to  be  needlessly  prolonged. 

In  malignant  disease  the  nephrectomy  should  be  made  in  a  manner 
to  include  as  much  as  possible  of  the  surrounding  fat  capsule.  It  is  in 
these  cases  that  the  wounding  of  the  peritoneum  and  of  the  colon  is  es- 
pecially to  be  guarded  against.  In  the  event  of  the  former,  the  place  of 
the  tear  should  be  accurately  fixed  to  be  closed  at  the  end  of  the  operation. 

With  the  delivery  of  the  kidney,  a  pedicle  is  naturally  evolved.  It 
consists  of  the  structures  entering  the  hilum,  and  the  fat  in  which  they 
are  embedded.  The  management  of  the  pedicle  varies  with  its  nature. 
If  it  is  fairly  long,  light  traction  on  the  kidney  will  permit  the  easy  recog- 
nition of  the  ureter,  its  separation  from  the  blood-vessels,  and  its  division 
between  two  ligatures.  The  vascular  part  of  the  pedicle  is  then  best  per- 
forated with  a  blunt  pedicle  needle  armed  with  a  stout  double  thread. 
A  Staffordshire  knot  firmly  drawn  home,  when  all  tension  on  the  pedicle 
has  been  withdrawn,  firmly  secures  the  renal  vessels.  The  ligatures  are 
kept  long  and  the  kidney  removed  with  a  few  cuts  of  the  curved  scissors. 
The  stump  should  always  be  carefully  examined,  and,  if  possible,  the 
individual  vessels  tied  separately.  The  ligatures  first  applied  are  then 
cut  short.  If  the  pedicle  is  short  and  adherent,  as  it  is  often  in  old-stand- 
ing cases  of  tuberculosis  and  of  calculous  pyonephrosis,  two  curved  clamps 
may  be  firmly  placed  upon  the  mass  of  the  pedicle,  one  from  above  and 
the  other  from  below.  The  kidney  is  removed  close  to  the  clamps. 
With  a  transfixation  needle  the  pedicle  may  then  be  tied  below  them. 
In  a  number  of  cases  presenting  great  difficulties  the  writer  has  permitted 
the  clamps  to  remain.  In  one  case  a  hemorrhage  followed  immediately 
on  the  removal  of  the  clamp  on  the  sixth  day  after  the  operation.  Fortu- 
nately, by  immediately  enlarging  the  wound,  the  patient's  life  was  saved. 

Where  the  isolation  of  the  ureter  is  possible,  it  may  be  left  to  take 
care  of  itself  after  being  tied,  provided  there  is  no  infection.  In  pus  cases, 
and  particularly  in  tuberculosis,  as  much  of  the  ureter  should  be  removed 
as  possible;  or  if  this  is  riot  feasible,  its  proximal  end  should  be  fixed  in 
the  lower  part  of  the  wound  by  a  suture. 

The  removal  of  the  kidney  always  leavfes  a  large  cavity,  the  drainage 
of  which,  at  least  for  a  few  days,  is  to  be  recommended.    Buried  layer 
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sutures  with  catgut  are  then  used  to  bring  the  parts  divided  as  nearly  as 
possible  into  their  normal  relations. 

Partial  nephrectomy  may  be  practised  in  exceptional  cases  of  rup- 
ture or  of  localized  abscess.  The  preliminary  steps  of  the  operation  are 
those  of  nephrectomy.  After  the  bleeding  is  controlled  by  digital  com- 
pression of  the  pedicle  or  the  use  of  a  catheter,  the  diseased  part  of  the 
kidney  is  cut  away  in  such  a  manner  as  to  permit  the  suturing  of  the  stump. 

In  some  cases  where  it  is  impossible  to  remove  the  kidney  as  a  whole 
on  account  of  adhesions,  Tuffier  has,  as  a  makeshift,  recommended  the 
taking  away  of  the  gland  piecemeal  (en  morceUement) .  Portions  of  the 
exposed  kidney  are  crushed  between  the  blades  of  strong  forceps  and 
removed  with  the  thermocautery.  Piece  by  piece  the  gland  may  thus  be 
removed  until  the  making  of  a  pedicle  becomes  comparatively  easy. 

Operations  on  the  Ureten — For  purposes  of  repair,  removing 
stones,  or  excision,  the  ureter  can  be  exposed  by  either  the  retroperi- 
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toneal  or  transperitoneal  route.  Although  this  is  possible  for  the  entire 
length,  the  lower  two  inches  may  also  be  exposed  by  the  vaginal  route  in 
women  or  the  sacral  or  pre-rectal  route  in  men.  The  latter  procedure  is 
rarely  justifiable,  and  the  former  is  applicable  only  to  the  removal  of  a 
stone  or  the  excision  of  the  lowermost  ureteral  segment. 

When  the  seat  or  nature  of  the  ureteral  lesion  is  unknown,  the  expo- 
sure of  the  duct  is  best  made  by  the  retroperitoneal  operation,  which 
permits  an  examination  of  its  entire  length.  A  long  lumbo-iliac  incision 
is  made,  beginning  below  the  last  rib,  as  in  the  operation  for  exposing  the 
kidney.  In  a  gentle  curve  it  is  directed  downward  and  forward  an  inch 
within  the  anterior  superior  process,  and  thence  continued  forward  a 
little  above  Poupart's  ligament,  and  parallel  to  It,  quite  to  the  border  of 
the  rectus.  The  dissection  necessary  to  expose  the  ureter  is  but  an  ex- 
tension downward  of  that  for  the  kidney,  the  fact  being  borne  in  mind 
that  the  ureter  adheres  to  the  peritoneum  when  the  latter  is  reflected 
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toward  the  median  line.  The  crossing  point  of  the  ureter  over  the  com- 
mon iliac  vessels  is  a  landmark  also  to  be  remembered.  When  it  is  known 
that  the  lesion  is  situated  in  the  pelvic  segment,  the  incision  may  be 
limited  to  its  lower  part,  beginning  above,  opposite  the  iliac  spine,  and 
ending  below,  near  the  rectus.  The  three  muscular  planes  and  th^  trans- 
versalis  fascia  are  next  divided,  and  the  peritoneum  with  its  subperito- 
neal fat  reflected  inward.  The  pulsations  of  the  iliac  artery  are  again  an 
effectual  guide  to  the  ureter,  which  can,  with  a  little  traction,  be  traced 
quite  to  its  vesical  insertion. 

The  transperitoneal  route  is  at  present  indicated  only  in  lesions  of  the 
lower  segment  for  repair  operation  and  for  digital  exploration.  The 
smallest  stones  found  by  the  operator  were  located  in  this  way  and  re- 
moved by  lumbar  incision.  With  the  perfecting  of  radiography,  an  abdom- 
inal operation  for  locating  a  stone  will  rarely  be  called  for.  At  present 
the  transperitoneal  operation  should  be  reserved  for  vesical  implantation 
of  the  proximal  ureteral  end  in  wounds  inflicted  during  pelvic  operations, 
and  in  strictures  or  valve 
formations  low  down  with 
the  same  implantation  in 
view.  The  operation  con- 
sists of  a  median  sub- 
umbilical  laparotomy. 
After  division  of  the  pos- 
terior peritoneal  layer, 
the  ureter  is  sought  by 
its  relation  to  the  pelvic 
brim  and  the  iliac  vessels. 
Its  cord-like  feel  makes  it 
easy  of  recognition.  It 
may  be  found  so  distended 
as  to  have  lost  semblance 
to    the    normal     ureter. 

However  the  ureter  may  be  exposed,  it  should  be  separated  as  little  as 
possible  from  the  parts  with  which  it  is  in  relation,  lest  sloughing  result. 
It  is  usually  necessary  to  introduce  a  sound  through  a  small  longitudinal 
incision  for  exploration. 

Uretero-lithotomy. — ^The  part  of  the  ureter  to  be  opened  in  this  opera- 
tion depends  upon  the  position  of  the  stone.  In  most  cases  it  will  be 
found  in  the  suprapelvic  portion,  and  the  lumbar  incision  with  or  without 
nephrotomy  will  suflfice.  For  the  upper  part  of  the  intrapelvic  portion, 
too,  the  extraperitoneal  operation,  already  described,  will  be  most 
serviceable.  Only  in  impaction  near  the  vesical  orifice  is  the  stone  to  be 
removed  through  a  suprapubic  section  or  through  the  vagina  or  by  the 
perineal  method.  The  transperitoneal  removal  of  a  stone  is  never  justi- 
fied, since  the  sterility  of  the  urine  cannot  be  depended  upon.  Even  with 
careful  suturing  of  the  peritoneum  over  the  ureteral  incision,  the  danger 
of  extravasation  is  very  great.  If  a  stone  thus  revealed  cannot  be  dis- 
lodged, it  must  be  removed  then  or  later  by  retroperitoneal  operation. 


Fio.  134. — Long  Incision  to  Expose  Ureter. 
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The  incision  in  the  ureter  should  always  be  in  its  axis,  and  rather  above 
the  site  of  impaction  than  through  it.  After  the  stone  is  removed,  the 
ureter  must  be  sounded  in  both  directions  to  determine  whether  there  are 
other  stones.  If  a  stricture  is  found,  it  must  be  divided  or  treated  by 
the  Heineke-Mikulicz  plastic  operation,  or  by  ureteral  anastomosis. 
Sutures  may  be  employed,  although  without  them  the  wound  closes 
quickly.  In  wounds  of  the  lower  ureter,  sutures,  although  most  difficult 
of  insertion,  are  nevertheless  to  be  used. 

Ureterorrhaphy — Uretero-anastomosis. — Partial  wounds  of  the  ure- 
ter may  be  closed  by  fine  silk  sutures  placed  with  a  round  needle  and  in- 
cluding all  of  the  structures  to  the  mucosa.  The  needle  should  be  intro- 
duced about  an  eighth  of  an  inch  from  the  wound  margin.  Complete 
division  of  the  ureter  may  be  treated  by  an  end-to-end  suture,  its  line  being 
transverse,  or,  as  first  recommended  by  Bovee,  to  be  made  oblique  with  the 
object  of  preventing  post-operative  contraction.    To  support  the  ureter 
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Fig.  135. — Plastic  Operation  for  Stricture  of  Ureter. 


during  the  process  of  suturing,  a  ureteral  catheter  or  iodoform  crayon 
may  be  used.  Poggi,  in  1887,  and  Markoe,  ten  years  later,  practised  the 
invagination  of  the  upper  into  the  lower  end  of  the  divided  ureter,  or 
end-in-end  anastomosis.  The  operation  consists  of  dilating  the  vesical 
stump  for  a  distance  of  half  an  inch  or  more.  Then  a  catgut  suture  armed 
with  a  neerlle  at  each  end  is  passed  once  through  the  renal  end  of  the  ureter 
and  twice  through  the  vesical,  the  latter  from  within  out.  A  similar 
suture  is  then  introduced  on  the  opposite  side.  When  these  sutures  are 
tightened,  the  upper  end  is  naturally  drawn  into  the  lower.  To  facilitate 
the  invagination,  it  may  be  necessary,  as  practised  by  Robson,  to  split 
the  lower  end  until  after  the  invagination  has  been  completed. 

Lateral  Implantation. — This  operation,  first  devised  by  Van  Hook 
and  developed  in  dogs,  gave  a  great  impetus  to  plastic  operations  on  the 
ureter.  For  general  purposes,  it  is  still  the  operation  of  preference.  It  is 
begun  by  tying  off  the  distal  portion  of  the  ureter  a  fourth  of  an  inch  from 
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its  end.  An  incision  twice  as  long  as  the  ureteral  diameter  is  next  made 
in  the  axis  of  this  segment,  beginning  a  fourth  of  an  inch  below  the  liga- 
ture. To  insure  the  patency  of  the  ureter,  the  upper  segment  is  next 
divided  or  notched  for  a  little  more  than  the  fourth  of  an  inch.  The 
operation  is  completed  by  invaginating  the  upper  into  the  slit  of  the  lower 
segment  by  means  of  sutures  somewhat  like  those  described  in  the  opera- 
tion of  Poggi.  A  second  row  of  sutures  may  be  used  to  strengthen  the 
anastomosis.  An  operation  of  lateral  ureteral  anastomosis  has  been 
performed  experimentally  by  Monari.  It  is  the  coimterpart  of  the  same 
operation  on  the  intestine. 

The  choice  of  method  must  be  made  in  the  individual  case,  according 
to  the  condition  found.  The  advantages  of  invagination  and  lateral 
implantation  lie  in  the  rapidity  with  which  they  can  be  performed.  The 
supposed  greater  dangers  of  leakage  and  of  contraction  after  the  end-to- 
end  anastomosis  have  been  shown  by  Bovee  not  to 
exist. 

Ureterectomy. — Excision  of  the  ureter  may  be  par- 
tial or  complete;  primary  or  secondary.  The  partial 
excision  of  a  ureteral  segment,  with  subsequent  anas- 
tomosis and  vesical  or  renal  implantation,  is  properly 
termed  resection.  The  chief  indications  for  ureter- 
ectomy are  tubercular  and  chronic  ulceration  of  the 
ureters  secondary  to  disease  of  the  kidney.  For 
strictures  or  valve  formations  where  the  methods  con- 
sidered under  the  treatment  of  hydronephrosis  are  not 
applicable,  resection  may  be  indicated.  Primary  ure- 
terectomy, partial  or  complete,  is  usually  done  as  a 
complement  to  nephrectomy  by  the  extraperitoneal 
route.  In  some  cases  the  operation  has  been  performed 
by  the  transperitoneal  method  (Kelly).  Secondary 
ureterectomy  is,  as  a  rule,  performed  for  the  relief  of 
a  persistent  fistula;  after  nephrectomy  for  tuberculosis 
or  pyonephrosis. 

Primary  ureterectomy,  complete  or  partial,  is  performed  by  the  retro- 
peritoneal route,  the  incision  being  carried  dowTiward  and  forward  as 
already  indicated.  Whenever  possible,  the  renal  vessels  are  the  first  to  be 
tied.  The  delivered  kidney  is  then  brought  into  the  wound.  Traction 
made  upon  it  exposes  the  ureter.  It  is  separated  from  the  bed  of  connec- 
tive tissue  in  relation  with  the  peritoneum,  and  in  partial  ureterectomy 
is  divided  after  being  tied  as  low  down  as  necessary.  If  the  kidney  cannot 
be  decreased  in  size  by  incision,  it  may  be  necessary  to  remove  the  kidney 
after  a  mass  ligature  has  been  applied  to  the  pedicle,  before  suflficient 
room  for  exposing  the  ureter  can  be  obtained.  The  vesical  stump  should 
be  treated  as  the  stump  after  appendectomy,  by  cauterization  or  invagina- 
tion. 

The  operation  of  nephro-ureterectomy  at  one  sitting  is  a  very  severe 
one,  and  should  not  be  performed  unless  the  condition  of  the  patient,  as 
the  operation  progresses,  warrants  it. 


Fig.  136. — Uretero- 
anabtom08i8. 
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A  second  ureterectomy  may  be  performed  when  a  fistula  continues  to 
discharge  for  a  number  of  months,  or  when ,  from  its  appearance,  it  evidently 
is  tuberculous.  It  is  not  wise  to  defer  operation  too  long,  since  the  peri- 
ureteral adhesions  make  the  operation  more  difficult  as  time  progresses. 


Fig.  137. — Uretero- anastomosis,  Invagination  Method. 

After  ureterectomy,  as  after  nephrectomy,  drainage  of  the  wound  is 
demanded. 

In  rare  exceptions,  because  of  adhesions  in  the  pelvis,  it  may  be  neces- 
sary to  combine  the  lumbo-abdominal  operation  with  the  vaginal  incision 
for  the  removal  of  the  lower  end  of  the  ureter.  For  this  purpose  Kelly 
made  an  opening  into  the  vault  of  the  vagina,  guiding  the  scissors  with 


Fig.  138. — Van    Hook's   Method   of   Lateral   Implantation   op  the   Ureter. 


which  it  was  made  with  the  fingers  of  the  left  hand  pushed  do^vnward 
from  the  abdominal  wound.  With  a  pair  of  forceps  introduced  through 
the  vaginal  opening  the  stump  of  the  ureter  can  be  dra\^Ti  through  the 
vaginal  opening  and  removed.     In  whatever  way  the  lower  segment  of 
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the  ureter  is  removed,  there  is  danger  of  wounding  the  uterine  artery  in 
the  female  or  the  vas  deferens  in  the  male. 

Ureteral  Implantation. — When  the  course  of  the  urine  to  the  bladder 
is  seriously  impaired  by  stricture,  fistula,  wound  of  the  ureter,  or  in  case 
of  exstrophy  of  the  bladder,  and  in  which  the  repair  operations  on  the 
ureter  already  described  have  been  unsuccessful  or  inapplicable,  implanta- 
tion of  the  proximal  end  of  the  ureter  into  the  bladder,  the  renal  pelvis, 
the  opposite  ureter,  or  the  intestine  may  be  resorted  to.  The  ideal  pro- 
cedures are  the  implantation  of  the  proximal  end  of  the  lower  segment 
into  the  renal  pelvis,  as  in  hydronephrosis,  and  the  fixation  of  the  lower 
end  into  the  bladder  for  wounds  or  strictures.  As  a  makeshift,  rarely  to 
be  employed,  the  ureter  may  be  implanted  into  the  vagina,  the  skin,  or 
the  intestine.  In  point  of  value,  implantation  into  the  bladder  or  into 
the  renal  pelvis  comes  first.    In  valve  formations  high  up  and  in  cases  of 


Fio.  139. — Implantation  op  Ureter  Into  Bladder. 

hydronephrosis,  implantation  into  the  renal  pelvis  as  already  considered 
is  one  of  the  operations  of  choice.  Where  the  length  of  the  upper  end  of 
the  ureter  permits,  vesical  implantation  or  urderocystostomy  is  to  be  per- 
formed. Where  deficient  length  of  the  proximal  ureteral  end  prevents 
this  operation,  it  may,  on  experimental  grounds,  be  implanted  into  the 
ureter  of  the  sound  side.  The  danger  of  such  uretero-ureteral  anastomo- 
sis from  side  to  side,  by  reason  of  imperfect  technic  and  the  danger  of 
leakage,  may  make  the  removal  of  the  kidney  the  safer  operation,  the 
other  kidney  permitting. 

Ureterocystostomy. — Fixing  the  ureter  into  the  bladder  is  an  opera- 
tion with  a  large  future,  since  it  will  probably  supplant  many  of  the 
ureteral  repair  operations  for  the  pelvic  portion.  It  is  easier  of  accom- 
plishment. It  is  best  performed  by  median  laparotomy  after  the  bladder 
has  been  moderately  distended.  The  ureter  is  next  exposed  at  the  pelvic 
brim.     It  is  well  now  to  pass  a  thread  under  it  to  make  traction  on  the 
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duct.  In  this  way  the  lower  end  of  the  ureter  can  be  brought  into  view 
and  the  point  of  the  bladder  be  determined  where  the  implantation  is 
to  be  made.  The  ureter  at  its  lowest  point  is  next  exposed  by  a  longitu- 
dinal incision  through  the  peritoneum,  a  ligature  being  then  passed  around 
this  point.  The  ureter  is  squarely  divided  after  a  padded  clamp  or  tem- 
porary ligature  has  been  placed  on  the  proximal  segment.  A  longitudinal 
cut  may  then  be  made,  as  in  the  operation  of  ureteral  invagination,  to 
secure  a  larger  orifice.  An  incision  is  next  made  through  the  bladder, 
preferably  on  a  metal  sound  (No.  12  F.),  as  near  as  may  be  to  the  ureteral 
end.  It  is  to  be  made  progressively  smaller  from  the  peritoneum,  leaving 
it  smallest  at  the  mucosa. 

Ureterovesical  suture  may  next  be  made  with  the  sound  introduced 
into  the  ureter  to  steady  the  parts.     Interrupted  catgut  sutures  approxi- 


FiG.  140. — Vesical  Pucation  after  Urethral  Implantation. 


mating  mucosa  to  mucosa  are  used.  When  the  fixation  has  been  accom- 
plished, the  peritoneum  is  carefully  replaced  and  fixed  by  suture.  The 
sewing  of  the  ureter  in  the  vesical  wall  can  be  more  quickly  accomplished 
by  invaginating  it  into  the  vesical  opening  by  means  of  catgut  sutures 
passed  through  the  ureter,  through  the  vesical  opening,  and  out  through 
the  bladder  wall  near  the  margin  of  the  opening  in  the  bladder.  When 
the  sutures  are  tightened,  the  ureter  is  drawn  into  the  bladder.  To 
secure  the  fixation,  plication  of  the  bladder  wall  may  be  made  as  in  the 
Witzel  operation  of  gastrostomy.  If  the  ureter  is  too  short  for  implanta- 
tion and  excessive  traction  would  endanger  its  circulation,  the  bladder 
may  be  displaced  upward  by  separating  its  attachments  to  the  pubic  arch. 
Mechanical  devices  have  been  introduced  to  facilitate  the  operation.  The 
button  of  Boari  and  the  tube  of  Chalot  are  among  them.  They  have 
little  to  recommend  them. 
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Uretero-enterostomy — ^Implantation  Into  the  Bowel. — As  a  resort, 
rarely  to  be  employed,  the  ureter  of  one  or  both  sides  may  be  implanted 
into  any  portion  of  the  intestine.  The  sigmoid  flexure  has  most  fre- 
quently been  selected.  But  the  ascending  or  descending  colon  may  be 
used.  The  technical  difficulties  of  the  operation  are  few,  but  the  danger 
from  ascending  infection  of  the  kidney  is  very  great.  The  operation  has 
been  done  most  frequently  for  the  relief  of  exstrophy  of  the  bladder. 
The  operation  consists  of  the  transperitoneal  exposure  of  the  ureter,  the 
division  of  this  as  low  down  as  need  be,  and  the  ligation  of  the  distal  end. 
The  proximal  end  is  next  brought  in  contact  with  the  internal  surface, 
preferably  of  the  colon,  and  is  fixed  there  by  a  number  of  sutures.  The 
implantation  into  the  intestine  is  completed  as  in  the  operation  of  vesical 


Fig.  141 . — Uretero-Enterostoitt. 

implantation.  To  prevent  infection,  axial  implantation  has  been  recom- 
mended by  Martin,  whereby  an  inch  or  more  of  the  ureter  is  buried  in  the 
wall  of  the  intestine.  Fowler  accomplishes  the  same  end  by  establishing 
a  permanent  valve  of  intestinal  mucosa,  which  covers  the  open  mouths 
of  the  ureters.  He  also  places  the  ureters  for  a  distance  of  an  inch  or 
more  in  the  submucous  space  of  the  rectal  wall,  thereby  affording  an 
additional  safeguard  against  infection. 
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SURGERY  OF  THE  SUPRARENAL  OR  ADRENAL  GLANDS, 

Anatomy. — The  suprarenal  glands,  as  their  name  implies,  cap  the 
upper  poles  of  the  kidneys  more  on  their  anterior  than  on  their  posterior 
surfaces.  Behind  they  rest  on  the  crura  of  the  diaphragm,  the  right  one 
on  a  slightly  higher  level  than  the  left.  The  right  suprarenal  is  pyramidal, 
the  left,  semilunar,  in  shape.  They  are  both  retroperitoneal.  The  right 
suprarenal  is  in  relationship  above  with  the  liver,  forming  a  well-marked 
depression.  Its  inner  border  is  in  contact  with  the  ascending  vena  cava. 
The  left  is  in  relationship  with  the  pancreas  and  spleen,  forming  a  portion 
of  the  bursa  omentalis.  The  gland  on  section  is  seen  to  consist  of  two 
parts,  cortex  and  medulla,  the  cortex  forming  the  greater  part.  The 
cortex  is  particularly  rich  in  a  substance  known  as  protagon,  which  has 
the  same  staining  reactions  as  fat,  differing  from  it,  however,  in  having  a 
double  refraction  for  reflected  light.  The  medulla  is  formed  principally 
of  chromophilic  cells  derived  from  the  sympathetic  system.  The  blood- 
supply  is  copious  from  three  sources — the  aorta,  the  renal,  and  the  phrenic. 
The  nerve  plexus  is  exceedingly  rich,  derived  from  the  pneumogastric 
and  splanchnics  through  the  solar,  celiac,  and  renal  plexuses. 

Congenital  absence  of  the  suprarenals  has  not  been  described, 
although  one  or  both  may  be  exceedingly  small,  in  which  case  their 
function  is  partly  relegated  to  the  sjmnpathetic.  The  functions  of  the 
suprarenals,  as  Crile  and  others  have  shown,  is  to  control  the  tone  of 
the  vascular  system  by  central  action  on  the  vasomotor  center,  and 
peripheral  action  on  the  arterioles. 

Tuberculosis  is  the  most  common  disease  affecting  the  supra- 
renal grands.  In  common  with  other  affections  of  these  glands,  it  gives 
rise  to  the  symptom-complex  well  known  as  Addison's  disease.  The 
principal  symptoms  are  great  weakness  and  emaciation  and  a  severe 
anemia  of  the  secondary  type.  The  attending  symptoms  of  anemia, 
palpitation  of  the  heart,  anemic  murmurs,  and  dyspnea  are,  of  course, 
present.    Severe  gastro-intestinal  symptoms,  hematemesis,  and  melena 
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are  almost  invariably  a  feature  of  the  disease.    The  bronzing  of  the  skin 
described  by  Addison  as  typical  of  the  condition  is  frequently  absent. 

Treatment. — Though  not,  as  a  rule,  considered  amenable  to  surgical 
intervention,  several  cases  of  operation  for  tuberculosis  of  the  supra- 
renal have  been  reported.  Jonas,  Helferich,  and  Heinheim  have 
reported  successful  cases.  In  Jonas'  case  the  well-marked  bronzing  of  the 
skin  disappeared  three  weeks  after  operation. 

Suprarenal  abscesses,  of  both  traumatic  and  tuberculous  origin, 
have  been  reported,  but  the  cases  are  rare.  Embolic  abscesses 
occur  in  the  course  of  general  septicopyemia,  but  do  not  come  within  the 
realm  of  surgical  intervention.  The  symptoms  are  those  of  septic  infection 
plus  the  localizing  symptoms  of  pain  and  tenderness  in  the  epigastric 
and  lumbar  regions.  Heinheim  has  recently  reported  abscess  of  the 
suprarenal  successfully  opened  and  drained.  If  possible,  the  operation 
should  be  done  extraperitoneally. 

Tumors  of  the  suprarenal,  although  not  common,  are  oc- 
casionally seen;  more  often  on  the  post-mortem  table  than  in  the  operat- 
ing room.  The  benign  tumors  most  frequently  seen  are  adenomata  and 
cystadenomata.  These  cysts  may  reach  a  very  large  size.  The  cyst  wall 
may  be  formed  by  the  cortex  of  the  gland. 

Cysts  offer  the  most  favorable  prognosis  for  surgical  inter\^ention. 
Many  cases  have  been  successfully  operated  on.  Among  these  are  the 
cases  of  Donald,  Pawlik,  and  McCosh.  Bier  operated  on  a  large  blood- 
cyst;  the  outcome,  however,  was  fatal. 

The  small  adenomata  and  encapsulated  hypemephromata  give  rise 
to  no  symptoms.  Sarcoma,  the  most  frequent  malignant  tumor  of  the 
suprarenal,  is  encountered  in  all  its  varieties.  Malignant  hypemephro- 
mata are  not  uncommon  and  show  the  same  characteristics  and  metas- 
tases as  those  occurring  in  the  kidney.  Securian  reports  a  very  interest- 
ing and  rare  case  of  myosarcoma  operated  on  with  good  results.  Shilling 
reports  a  case  of  endothelioma.  Carcinoma  is  at  times  seen.  A  most 
interesting  suprarenal  tumor  is  the  glioma,  very  malignant  and  prolific 
of  metastases.  According  to  Kiister,  these  neoplasms  are  formed  from 
rests  of  the  sympathetic  cells,  which  in  embryonic  life  have  formed  the 
medulla  of  the  sympathetic  glands.  Histologically,  they  have  the  prop- 
erties and  the  same  reactions  as  the  ordinary  glioma.  They  are  very 
malignant,  growing  with  great  rapidity  and  giving  rise  to  early  and  plenti- 
ful metastases.  The  vena  cava  and  other  large  veins  are  soon  involved 
in  the  growth. 

The  symptoms  of  suprarenal  tumor  are  exceedingly  obscure,  making 
an  early  diagnosis  difficult  and  at  times  impossible.  Attention  may  be 
called  to  the  tumor  by  metastases  before  localizing  symptoms  have 
occurred.  When  bronzing  of  the  skin  is  present,  the  diagnosis  is,  of  course, 
simplified.  Unfortunately,  this  symptom  is  very  variable,  only  occurring 
in  a  small  percentage  of  cases. 

Holt  reports  a  case  of  double  suprarenal  tumor — one  of  sarcoma, 
one  of  carcinoma — without  bronzing  the  skin.  Israel  has  pointed  out  the 
similarity  between  renal  and  suprarenal  tumors.    The  suprarenal  tumors. 
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are  even  at  times  attended  by  hematuria,  due  to  the  congestion  of  the 
kidney  from  pressure  on  the  vena  cava  and  renal  veins.  One  distinguish- 
ing symptom  is  the  early,  severe,  and  constant  pain  in  the  territory  of  the 
lumbar  nerves  from  the  pressure  of  the  growing  neoplasm.  If  stone  in 
the  kidney  can  be  ruled  out  by  a>-ray,  with  no  tumor  evident  in  the  lumbar 
region,  the  presence  of  suprarenal  tumor  is  very  likely.  The  suprarenal 
tumor  differs  in  position  from  the  renal  tumor.  When  felt  at  all,  it  ap- 
pears in  the  epigastric  region,  while  the  lower  pole  of  the  downward 
dislocated  kidney  is  apparent  below  the  ribs.  In  these  cases  the  diagno- 
sis may  be  made  with  some  degree  of  accuracy. 

Surgical  procedures  in  tumors  of  the  suprarenal  have  hitherto  not 
been  attended  by  brilliant  results.  The  reasons  are  manifold.  The 
diagnosis  is  often  not  made  befoi-e  the  growth  has  become  wide-spread. 
In  other  cases  the  tumor  has  given  rise  to  plentiful  metastases  before 
localizing  symptoms  have  appeared.  Owing  to  the  inaccessibility  of  the 
region  and  the  proximity  of  the  great  vessels,  the  operation  is  attended 
by  great  difficulty.  Israel  concludes  from  his  personal  experience  that 
the  prognosis  is  extremely  bad.  Most  of  the  cases  operated  on  die  from  the 
immediate  effects  of  the  operation.  In  those  cases  which  recover  from 
the  operation  an  early  recurrence  is  almost  invariable.  Three  of  Israers 
cases,  Kiister's,  Finney's,  Nicoladoni's,  and  one  of  Morris's  cases  died 
immediately  after  operation.  Mayo  Robson's  case  survived  the  opera- 
tion one  month,  Gussenbauer's  three  months.  Morris's  case  of  h3rper- 
nephroma  lived  eight  months  and  Shilling's  endothelioma  succumbed 
after  one  year.  Kelly  reports  a  case  of  fibromyxosarcoma  as  cured; 
how  long  after  operation  is  not  known. 

The  operation  may  be  done  either  by  the  abdominal  or  lumbar  route. 
The  most  favorable  incision  is  one  extending  along  the  lower  border  of 
the  twelfth  rib  and  forward  into  the  epigastric  region.  In  all  cases  the 
operation,  if  possible,  should  be  extraperitoneal.  Owing  to  its  involve- 
ment or  position,  the  kidney  must  in  some  cases  be  removed.  The  vena 
cava  has  heea  resected. 
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CHAPTER  LVII. 
SURGERY  OF  THE  BLADDER. 

By  Bransford  Lewis,  M.D., 

ST.   U>OM. 

DIAGNOSIS  OF  GENTTO-URINARY  DISEASES. 

General  Remarks* — ^The  two  steps  necessary  in  arriving  at  a 
diagnosis  of  disease  are:  (1)  acquiring  the  evidence  referable  to  the 
affection;  and  (2)  reaching  correct  deductions  from  that  evidence. 

By  some  the  chief  part  of  this  program  is  considered  to  be  the  eliciting 
of  an  elaborate  and  systematic  history  of  the  case,  with  the  collection  of 
all  side-lights,  observations,  and  impressions  of  the  patient.  The  French 
have  been  especially  diligent  in  developing  the  symptomatology  of  disease 
a,nd  bringing  to  bear  on  it  able  scientific  analysis.  The  modern  trend, 
however,  seems  to  be  away  from  this  direction,  placing  greater  reliance 
on  the  numerous  direct  methods  of  examination  that  have  come  into 
vogue.  With  these  at  one's  disposal,  it  is  probable  that  the  diagnosti- 
cian can,  in  a  few  minutes  of  investigation,  acquire  more  definite  and 
material  information  than  he  can  with  hours  of  research  into  a  case- 
history. 

There  are  reasons  for  this,  aside  from  the  materialistic  bent  of  modern 
practice.  The  prominent  symptoms  of  urinary  affections,  while  strongly 
indicative  of  disease  at  certain  points,  are  not  eflficient  for  differentiating 
between  the  several  forms  or  kinds  of  disease  that  may  affect  those  parts. 
It  is  a  common  thing  for  patients  afflicted  with  urinary  diseases  to  relate 
their  troubles  to  one  another,  with  the  unvarying  conclusion  that  they 
are  suffering  from  the  same  complaint,  basing  it  on  the  common  symp- 
tom, for  instance,  of  frequent  urination;  whereas  the  one  may  be  affected 
with  tuberculous  cystitis,  the  second  with  urethral  stricture,  and  a  third 
with  renal  disorder — totally  different  affections  in  their  pathologic  basis. 
Furthermore,  investigators  are  not  now  satisfied  with  the  simpler  diag- 
nosis formerly  sought  for.  A  diagnosis  of  *' urethritis"  does  not  suflfice: 
one  must  learn  whether — (a)  the  infection  is  from  gonococci  or  other 
organisms;  (6)  what  part  or  parts  of  the  urethra  are  affected;  (c)  what 
complications  or  extensions  of  the  infection  exist.  With  reference 
to  prostatic  hypertrophy,  one  must  learn — (o)  if  there  is  hypertrophy 
present;  (b)  if  it  is  causing  obstruction  to  urination;  (c)  the  measure 
of  such  obstruction;  (d)  the  actual  form  of  the  prostatic  outgrowi^h  or 
enlargement  that  is  causing  the  obstruction;  and  (e)  the  condition  of 
the  other  urinary  organs,  especially  the  kidneys.  Symptomatology 
makes  none  of  these  differentiations;  they  must  be  determined  by  refined 
methods  of  physical  examination. 
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Special  Methods  of  Investigation*— In  carrying  out  the  steps 
of  physical  examination,  certain  routine  methods  should  be  applied. 
In  a  person  complaining  of  some  urinary  trouble,  after  the  history  is 
obtained  and  recorded  (under  some  systematized  and  approved  plan), 
the  patient  is  required  to  remove  coat  and  vest,  to  lower  trousers  and 
drawers,  presenting  a  full  and  unobstructed  view  of  the  external  genitals, 
and  without  preliminary  cleaning  or  altering  of  the  local  conditions. 
Inspection  of  the  prepuce,  the  glans  penis,  and  of  the  meatus  is  then  had, 
with,  finally,  pressure  along  the  urethra  to  express  any  possible  content 
through  the  meatus.  In  case  there  is  discharge  (pus) ,  three  specimens  of  it 
are  smeared  on  glass  slides,  for  staining  and  microscopic  investigation. 
Before  any  instrumentation  or  other  procedure  is  undertaken,  the  patient 
is  next  requested  to  urinate  into  two  glasses,  the  first  part  into  glass  No.  1, 
and  the  second  part  into  glass  No.  2,  if  possible  reserving  an  ounce  or  so 
in  the  bladder  for  subsequent  passage  into  a  third  glass.  The  two  urines 
just  passed  are  inspected  and  records  are  made  as  to  the  cloudiness  of 
either  or  both,  as  to  whether  they  contain  shreds  or  flocculi,  and  what 
the  cloudiness  is  caused  by  (whether  pus,  bacteria,  spermatozoa,  precipi- 
tated phosphates  or  urates,  or  blood-corpuscles).  While  the  urines  are 
undergoing  sedimentation  to  determine  these  points,  the  patient  is 
made  to  bend  over  a  chair,  with  his  hands  resting  on  its  seat.  Armed 
with  a  rubber  finger-cot  well  lubricated  with  one  of  the  Iceland-moss  or 
tragacanth  lubricants,  the  forefinger  of  the  operator  is  gently  introduced 
into  the  rectum,  palmar  surface  downward,  and  the  prostate  and  the  seminal 
vesicles  are  palpated  and  subsequently  stripped  or  massaged,  their  size, 
tenderness,  and  other  conditions  being  determined  at  the  same  time. 
Drops  of  mucus  or  pus  oozing  from  the  meatus  as  a  result  of  these  manip- 
ulations are  caught  on  a  sterile  butter-platter,  for  microscopic  investiga- 
tion, stained  and  unstained.  If  no  drops  appear  at  the  meatus,  one  is 
still  able  to  obtain  the  products  expressed  from  the  prostate  and  vesicles 
by  having  the  patient  pass  the  small  remaining  portion  of  urine  into  the 
third  glass;  which  is  also  examined  by  means  of  centrifuge  and  micro- 
scope. 

The  patient  is  now  ready  for  instrumental  examination.  If  such  a 
step  had,  however,  preceded  the  ones  just  described,  the  products  ob- 
tained from  the  urine,  the  urethra,  prostate,  and  vesicles  would  have 
been  modified  by  the  instrumentation  itself,  leading  to  fallacious  con- 
clusions. 

The  instruments  now  selected  for  examining  depend  on  the  object 
of  the  search.  They  may  be  bulb-sounds  for  the  purpose  of  discovering 
stricture,  or  endoscopes  for  localizing  urethral  evidences,  or  the  stone 
searcher  for  detecting  calculus,  a  soft-rubber  catheter  for  measuring  the 
amount  of  residual  urine  present,  or  the  cystoscope  for  inspection  of  the 
bladder  or  differentiation  of  the  urine. 

Needless  to  say,  all  measures  and  precautions  conducive  to  asepsis 
must  be  observed.  Not  only  must  the  catheters,  endoscopes,  etc.,  be 
clean  and  free  from  organisms,  but  the  urethra  itself  must  be  cleaned  as 
far  as  possible  of  its  pathologic  discharges  and  infecting  organisms  before 
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the  introduction  of  the  examining  instruments;  this  by  irrigations  with 
non-irritating  antiseptic  solutions. 

Sterilization  of  Catheters  and  Sounds.— This  is  a  subject  to  which 
much  attention  has  been  devoted  of  late  years,  and  repeated  experimen- 
tation has  done  much  to  solve  the  questions  at  issue  in  a  definite  and  tan- 
gible manner. 

Metal  and  soft-rubber  catheters  are  relatively  easy  of  sterilization, 
and  by  the  means  most  convenient  and  available;  that  is,  by  thorough 
cleaning  with  soap  and  water  and  subsequent  boiling  for  from  three  to 
five  minutes. 

While  the  older  makes  of  silk-web  catheters  (elastic)  were  not  capable 
of  being  boiled,  because  of  the  non-resisting  quality  of  the  outer  coating, 
this  does  not  obtain  with  the  better  ones  of  modern  make  (more  especially 
the  French),  which  can  be  repeatedly  boiled  without  injury.  For  the 
inferior  grade,  other  means  of  sterilization  must  be  resorted  to,  such  as 
prolonged  saturation  with  formalin  vapor,  following  their  cleansing  with 
soap  and  water.  Several  forms  of  retainers,  to  be  used  in  connection 
with  formalin  tablets,  are  on  the  market.  In  order  to  insure  sterilization 
by  this  method,  the  catheters  must  be  kept  in  contact  with  the  vapor 
for  at  least  twenty-four  hours.  It  must  be  remembered,  however,  that 
formalin  vapor  is  very  irritating  to  all  mucous  membranes;  also,  that 
it  is  very  tenacious  to  catheters;  so  that  its  use  in  this  way  must  be  fol- 
lowed by  prolonged  rinsing  of  the  catheters  in  sterile  water  before  intro- 
ducing them. 

Filiform  and  whalebone  bougies  may  be  boiled  without  injury  if 
the  lx)iling  is  not  continued  too  long. 

The  lubrication  of  urethral  instruments  is  a  matter  of  some  moment, 
but  it  does  not  always  receive  the  attention  it  deserv^es.  Oily  and  greasy 
substances  have  no  appropriate  place  in  this  category.  Vaselin  is  an 
abomination  from  every  point  of  view.  It  rapidly  injures  soft-rubber 
or  flexible  catheters;  it  does  not  remain  sterile  or  conduce  to  sterility 
in  the  urethra.  By  its  non-miscibility  with  water  it  defeats  cocainization 
of  any  membranes  over  which  it  has  been  smeared.  It  is  not  easily 
removed  from  instruments  and  renders  their  cleansing  difficult.  Small 
pieces  of  vaselin  have  dropped  off  of  sounds  or  catheters  into  bladders 
and  have  acted  as  nuclei  for  the  formation  of  concretions. 

The  best  form  of  lubricant  at  the  present  time  is  that  made  with  gum 
tragacanth  as  a  base.  Such  preparations  are  sold  either  in  wide-mouthed 
bottles  or  in  flexible  tubes.  They  are  unirritating,  are  aseptic  and  moder- 
ately antiseptic,  and  are  excellent  as  a  lubricant.  Casper^  gives  the 
following  excellent  formula: 

Hydrargyri  oxidulati 9.246  (gr.  iiiss) 

Glycerini 20.00    (f  3  vss) 

Tragacanth 3.00    (gr.  xlvj) 

Aquae  destillati 100.00    (f  5  iij) 

In  applying  the  lubricant  to  urethral  instruments  it  is  not  necessary 
to  cover  them  further  than  the  tip  and  its  immediate  proximity;   but 
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it  is  highly  desirable  to  lubricate  the  meatus  and  the  glans  around  it, 
in  order  to  get  the  best  effect. 

Introduction  of  Sounds  and  Catheters.— For  the  introduction 
of  soft-rubber  or  flexible  catheters  no  special  anatomic  knowledge  is 
necessary.  With  good  preliminary  lubrication,  the  only  requirement  is 
to  keep  the  penis  well  extended  while  feeding  the  catheter  into  the  urethra, 
in  order  to  avoid  any  transverse  folds  of  mucous  membrane  that  relaxa- 
tion would  make  more  prominent.  When  the  catheter  reaches  the  bladder, 
that  fact  is  announced  by  the  issuance  of  urine  from  its  outer  end;  or,  if 
the  bladder  be  empty,  a  drop  or  a  bubble  appearing  will  have  the  same 
value. 

For  the  passage  of  a  metal  sound,  it  must  be  remembere<5  that  the 
urethra  has  a  fixed  and  a  flexible  part;  that  the  fixed  part  is  curved, 
the  concavity  directed  upward.  While  this  curve  of  the  fixed  portion 
is  straightened  out  by  the  shaft  of  the  metal  sound  after  the  loiter  has 
entered  the  bladder,  and  the  straightening  is  then  not  an  uncomfortable 
condition,  it  is  a  further  fact  that  the  straightening  of  this  curved  part 
is  not  so  comfortably  done  if  accomplished  during  the  transit  of  the  in- 
strument, as,  for  instance,  would  necessarily  be  the  case  in  passing  a 
straight  metal  sound.  That  is  w^hy  it  is  more  agreeable  for  the  male 
patient  to  take  a  curved  than  a  straight  sound,  although  it  is  possible 
to  introduce  the  latter,  and  some  operators,  indeed,  use  them  regularly. 

Passing  the  Sound;  Catheterization.— Probably  more  praise,  on 
the  one  hand,  and  more  condemnation,  on  the  other,  are  connected  with 
this  maneuver  than  with  any  other  in  this  branch  of  surgery.  Patients 
appreciate  the  gentle,  dexterous,  and  painless  introduction  of  a  sound,  and 
esteem  it  more  highly,  often,  than  they  do  much  more  elaborate  manipula- 
tions or  operative  work.  It  is  w^ell,  therefore,  to  cultivate  the  habit  of 
delicate  urethral  manipulation  as  one  of  the  most  valuable  possessions  of 
the  successful  surgeon. 

Preliminary  to  the  passage  of  a  sound  or  catheter,  both  patient  and 
instrument  are  prepared  in  order  to  render  the  maneuver  as  easy  and 
comfortable  as  possible.  The  patient  is  directed  to  lie  on  his  back,  the 
whole  body  relaxed  and  at  ease.  A  constrained  position  will  add  much 
to  the  discomfort  and  difficulty  experienced.  The  sound  is  sterilized, 
warmed,  its  beak  is  lubricated,  and  an  additional  amount  of  lubricant 
is  smeared  over  the  meatus  and  adjacent  part  of  the  glans.  If  the  opera- 
tor holds  the  sound  in  his  right  hand,  he  stands  on  the  left  side  of  the 
patient.  The  left  hand  supports  the  penis,  retracts  the  foreskin,  and 
opens  the  meatus.  The  sound  is  held  lightly  in  the  fingers  of  the  right 
hand  (in  the  position  shown  in  Fig.  142),  its  shaft  horizontal  to  and  in 
the  line  of  the  fold  of  the  left  groin.  The  first  step  consists  in  drawing 
the  penis  up  over  the  beak  of  the  sound  with  the  left  hand,  while  the 
right  hand  sweeps  the  shaft  or  handle  across  the  abdomen  to  the  median 
line,  still  keeping  it  horizontal  to  the  skin  surface  (Fig.  143).  By  this 
time  the  beak  has  reached  the  penoscrotal  junction  and  is  entering  the 
fixed  part  of  the  urethra.  Then,  and  then  only,  is  it  proper  to  begin  to 
elevate  the  shaft.     In  elevating  the  shaft  the  beak  is  made  to  describe  the 
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arc  of  a  circle,  whose  concavity  is  directed  toward  the  pubes;  it  thus 
follows  the  curv^e  of  the  fixed  part  of  the  urethra.  During  the  same  step 
the  handle  and  shaft  are  following  a  circle  in  the  opposite  direction,  and 
the  whole  instrument  is  progressing  toward  the  bladder.     As  there  is  a 


Fio.  142. — Sounding  of  the  Urkthra  (Hyde  and  Montgomery). 

natural  widening  or  bagging  of  the  floor  of  the  bulbous  urethra  imme- 
diately in  front  of  the  triangular  ligament,  the  sound  often  hangs  against 
the  lower  segment  of  this  ligament.  This  is  prevented  by  pressing  the 
left  hand  against  the  perineum  and  gently  lifting  the  beak  over  this  possible 


Fig.  143. — Sounding  of  the  Urethra  (Hyde  and  Montgomery). 


stumbling-block,  the  scrotum  and  testes,  meanwhile,  resting  in  the  palm 
of  the  same  hand  (Fig.  144).  This  introduces  the  beak  into  the  mem- 
branous urethra. 

The  last  stage  of  the  passage  of  the  sound  is  the  depression  of  the 


DIAGNOSIS   OF   GENITO-URINARY  DISEASES. 


277 


handle  between  the  thighs  as  its  inner  end  mounts  the  upward  inclination 
of  the  prostatic  urethra  and  enters  the  bladder  (Fig.  145). 

Having  entered  the  bladder,  the  sound  may  be  turned  on  its  own  axis, 
the  beak  sweeping  about  within  the  cavity  of  the  viscus.    This  is  satis- 


FiG.  144. — Sounding  op  the  Urethra  (Hyde  and  Montgomery). 

factory  evidence  of  the  entrance  of  the  instrument  into  the  bladder.  If 
it  cannot  be  done,  it  means  that  the  beak  is  still  within  the  fixed  part  of 
the  urethra. 

In  cases  of  prostatic  hypertrophy  or  pathologic  narrowing  at  the 


Fig.  146. — Sounding  of  the  Urethra  (Hyde  and  Montgomery^. 


vesical  neck  it  is  often  necessary  to  assist  the  beak  in  surmounting  a 
slight  obstruction  that  comes  from  the  posterior  margin  of  the  vesical 
outlet  by  a  maneuver  similar  to  that  previously  executed  for  lifting  it 
over  the  triangular  ligament;  viz.,  sharply  elevating  the  beak  by  pressure 


278 


SURGERY   OF  THE   BLADDER. 


through  the  perineum,  or  even  by  means  of  a  finger  in  the  rectum.  Under 
such  circumstances  it  will  be  felt  to  override  a  slight  obstruction  and  to 
slip  into  the  bladder. 

The  mthdrawal  of  the  sound  is  simply  the  reverse  of  the  steps  taken 
in  introducing  it.  The  handle  is  brought  up  from  its  position  between 
the  thighs,  is  circled  toward  the  patient's  head,  and  then  depressed  to  a 
level  with  the  abdominal  surface;  which  is  ac- 
companied by  an  outward  and  upward  sweep  of  the 
beak  in  escaping  from  the  cur\'ed,  fixed  portion. 
After  it  reaches  the  pendulous  part  the  sound  may  be 
lifted  out  of  the  remainder  of  the  urethra. 

Bulb-sounds,  commonly  used  for  exploring  for 
stricture,  should  not  be  made  to  pass  into  or  through 
the  compressor  urethrae  muscle.  The  muscle  is  likely 
to  grasp  them  and  hold  them  so  tightly  as  to  occa- 
sion injury  to  that  part  of  the  urethra.  Steel  sounds 
smaller  than  No.  18  French  should  not  be  used  ex- 
cept by  the  most  experienced  and  adept,  as  they  are 
liable  to  puncture  the  urethral  wall  and  establish  a 
false  passage,  adding  a  serious  complication  to  what 
may  be  already  a  difficult  situation.  Flexible  (silk- 
web)  bougies  or  catheters  do  not  involve  this  danger, 
and  may  be  used  to  the  smallest  size.  Filiform 
bougies  require  especial  manipulations  that  are  de- 
scribed in  the  section  on  Urethral  Stricture,  p.  539. 

DIAGNOSIS  OF  VESICAL  AFFECTIONS. 

For  the  diagnosis  of  vesical  conditions  and  the 
differentiation  of  the  urines  coming  from  the  two 
kidneys  special  instruments  and  methods  are  made 
use  of,  chief  among  which  are:  The  stone  searcher, 
the  s^regator,  and  the  cystoscope,  used  with  and 
without  catheterization  of  the  ureters. 

The  stone-searcher  (Fig.   146)  is  an  instrument 

that  is  valuable,  but  is  far  from  being  infallible. 

JJ  When  it  is  introduced  into  the  bladder  and  obtains 

^•^^^  the  click  that  is  both  felt  and  heard  by  the  operator, 

^^^^  its  evidence  of  the  presence  of  stone  is  conclusive. 

But  its  negative  evidence  is  not  nearly  so  valuable; 

that  is,  if  no  click  or  grating  feeling  is  obtained, 

that  does  not  b}'  any  means  prove  the  absence  of 

stone.    Many  instances  are  on  record  in  which  the  searcher  has  failed  to 

reveal  stone  that  existed  in  the  bladder,  even  as  multiple  calculi  and  of 

considerable  size.*^** 

A  calculus  may  be  encysted  in  a  sacculation  of  the  bladder  wall,  or 
may  be  located  deeply  in  the  has  fond  with  a  prostatic  outgrowth  over- 
hanging in  such  a  manner  that  the  beak  of  the  searcher   cannot  be 


Fig.  146.  —  Poaner'b 
Stone-bearcher 
WITH  Aural  Tube. 
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brought  into  contact  with  it,  as  is  well  shown  in  Fig.  147.  It  is  only  by 
contact  that  the  searcher  obtains  its  positive  evidence.  Not  so  with  the 
cystoscope;  this  latter  may  indicate  the  presence  of  stone  either  by  touch 
or  by  vision,  near  or  at  a  distance,  and  its  negative  evidence  is  as  valuable 
as  the  positive.  A  bladder  whose  entire  cavity  has  undergone  inspection 
through  a  good  cystoscope  without  disclosing  a  stone  can  be  declared  free 
from  such  a  body. 

Method  of  Using  the  Stone-searcher.— This  instrument  is 
furnished  with  an  especially  short  beak,  for  the  purpose  of  allowing  it  to 
move  and  turn  easily  \^ithin  the  bladder.  After  fiilfilling  the  require- 
ments of  asepsis  and  antisepsis,  by  irrigation  of  bladder  and  urethra, 
and  applying  sufficient  local  anesthesia  (after  the  method  described  on 
page  286),  from  six  to  ten  ounces  of  tepid  fluid  are  introduced  into  the 
bladder  and  allowed  to  remain.  The  searcher  is  next  inserted  and  is 
afforded  the  best  opportunity  for  reaching  all  parts  of  the  organ  by  syste- 


Fio.  147. — Enlarged  Pbohtate  Rendering  Stones  Inaccessible  to  Sound,  but  Evident  to 
Retrospective  Universal  Cystoscope. 


matic  exploration.  In  ever>'  case  in  which  a  stone  is  suspected,  but 
fails  of  detection  with  the  searcher,  resort  should  be  had  to  the  cystoscope 
in  order  to  determine  the  matter. 

Urine  Differentiation.— Following  the  efforts  of  the  profession 
the  world  over  to  devise  a  form  of  cystoscope  that  would  render  cathe- 
terization of  the  ureter  an  easy,  or  at  least  a  generally  successful,  measure 
and  bring  it  within  the  ability  of  a  large  portion  of  the  profession,  there 
were  presented,  in  the  decade  previous  to  1900,  by  Brenner,  Nitze,  Casper, 
and  Albarran,  cystoscopes  that  permitted  catheterization  by  experts  in  a 
considerable  proportion  of  the  cases  in  which  it  was  essayed  (50  or  60  per 
cent.).  This,  however,  was  unsatisfactory;  it  left  failure  stamped  oh  too 
great  a  proportion  of  cases  in  which  it  was  extremely  desirable  that  the 
urines  of  the  two  kidneys  be  obtained  separately.  About  1900  a  new  era 
was  entered  upon  in  this  field  of  work:  urine  segregators  were  successively 
introduced  by  Harris,  Downes,  Luys,  and  Cathelin;  and  the  invention  by 
Koch  of  the  low-tension  electric  lamp  (first  applied  in  the  Valentine  endo- 
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scope)  led  to  a  revolution  in  cystoscopes  that  has  rendered  them  enor- 
mously more  practical  and  useful  to  the  profession,  simplifying  cystoscopy 
and  generalizing  catheterization  to  a  like  degree. 

The  use  of  segregators,  because  of  their  apparent  simplicity  and  ease 
of  application,  rapidly  acquired  a  considerable  vogue  with  the  profession, 
who  were  able  to  apply  them,  in  a  way,  at  least,  when  they  were  not 
able  to  catheterize  ureters.  But  since  1905  there  has  been  a  marked 
reaction  from  this  position;  and  even  the  gentlemen  whose  ingenuity 
developed  the  segregators  have  shown  a  tendency  to  abandon  them  in 
favor  of  the  more  reliable  method  of  catheterization. 

Experience  has  shown  that  the  usefulness  of  segregators  is  restricted 
to  those  cases  in  which  catheterization  cannot  be  applied,  for  one  reason 
or  another;  and  even  then  their  findings  cannot  be  given  absolute  credence. 
Illustrative  of  this  unreliability,  may  be  mentioned  the  instance  in  which 
Kuemmel^  used  segregation  on  a  woman  on  whom  nephrectomy  had 


Fia.  148. — Harris's  Instrument  Fitted  for  Use. 

previously  been  done  on  the  right  side,  and  yet  in  the  test  the  only  urine 
that  was  obtained  came  from  the  rigkl  side.  If  one  should  obtain  tuber- 
culous urine  with  the  segregator  from  one  side,  he  would  then  be  unable 
to  say,  without  further  research,  whether  it  had  come  from — (o)  the  bladder; 
(6)  the  ureter;  or  (c)  the  pelvis  or  kidney  of  that  side.  Asymmetry  in 
the  location  of  ureteral  orifices  in  the  bladder  is  so  frequent  as  to  preclude 
reliability  of  results  from  segregation. 

Segregators  and  Their  Application.— The  segregator  of  Harris 
(Fig.  148)  was  the  first  in  the  field,  that  of  Downes  coming  next  and  being 
of  somewhat  simpler  construction.  For  drainage  of  the  urine  from  the 
bladder  the  latter  depends  on  siphonage  only,  omitting  the  suction  appa- 
ratus of  Harris ;  aside  from  which  the  instruments  do  not  differ  materially. 
The  tubes  through  which  the  urine  drainage  is  effected  are  bound  together 
for  the  most  of  their  length,  but  are  free  at  each  extremity.  They  are 
capable  of  being  rotated  on  their  axis,  which  permits  their  being  brought 
together  as  one  catheter,  for  introduction  into  the  bladder,  and  then  sepa* 
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rated,  giving  space  for  the  erection  of  the  water-shed  between  them, 
leaving  a  receptacle  on  each  side  from  which  to  drain  the  individual  urines. 


Fio.  149. — Cathelin's  Urinary  Seoreoator  (Hirst). 

In  carrying  out  the  procedure  two  conditions  must  be  avoided,  else 
the  object  is  defeated :  the  bladder  must  be  kept  at  rest,  free  from  con- 


Fia.  150. — Schlaointweit'b  Retrograde  Ctbto«cope. 
Fig.  1,  lens  within  the  shaft,  giving  right-angle  view.     Fig.  2,  lens  emerging,  giving  partial  retro- 
spective view.     Fig.  3,  full  retrospective  view. 

tractions  or  spasms;   and  artificial  hemorrhage  must  be  avoided.     As 
the  segregator  must  remain  within  the  bladder  during  the  time  that  urine 
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drainage  is  being  effected,  some  fonn  of  anesthesia  is  required.    That 
described  on  page  286  will  usually  be  found  sufficient. 

After  irrigating  the  whole  urethra  and  bladder,  two  ounces  of  adrenalin 
solution,  1 :  5000,  are  placed  in  the  bladder  for  a  few  minutes.  With  the 
patient  on  his  back  and  relaxed,  the  double  tube  is  introduced,  separated, 
and  rotated,  as  previously  mentioned;  to  it  is  attached  the  fulcrum  sup- 
I)ort,  which  is  subsequently  joined  to  the  rectal  lever  that  is  now  inserted. 

With  the  latter  adjusted  in  such  a  way  as 
to  secure  considerable  elevation  of  the 
posterior  wall  of  the  bladder  between  the 
inner  ends  of  the  catheters,  its  purpose  is 
accomplished.  A  final  washing  of  the 
bladder  precedes  the  attachment  of  small 
rubber  tubes  to  the  outer  ends  of  the 
catheters,  leading  into  the  respective  urine 
bottles.  The  apparatus  is  left  thus  for 
thirty  minutes,  in  order  to  obtain  the  re- 
quired amount  of  urine  for  investigation. 
The  Cathelin  segr^ator  utilizes  a  mov- 
able, elastic  diaphragm  to  make  a  vertical 
division  of  the  bladder  into  two  cavities. 
This  diaphragm,  in  order  to  be  efficient, 
must  be  close  fitting  in  its  contact  with  the 
bladder  wall;  any  break  in  such  contact 
would  defeat  segregation.  It  is  readily 
seen,  then,  that  such  an  interference  is 
liable  to  be  frequently  met  with,  whether 
from  irregularities  in  the  bladder  wall 
itself,  from  prostatic  outgrowths,  bladder 
contractions  or  peristalsis,  or  inaccuracy 
of  adjustment  of  the  instrument.  Blad- 
ders are  not  inclined  to  be  submissive  to 
abnormal  distention,  such  as  this,  for  thirty 
minutes  at  a  time.  In  contrast  to  this, 
^— 1^^  it  may  be  mentioned  that  when  ureteral 

^ drainage  is  effected  through  catheteriza- 

^CP^P  ■     tion,  the  cystoscope  is  taken  out  of  the 

^^^^^^  bladder  immediately  after  the  catheters 

^"  coJic7iJ.rExVJi".AT^^^^^^^  are  inserted,  permitting  the  drainage  to 

go  on  with  nothing  but  the  small  catheters 
retained;  and  these  are  seldom,  if  ever,  complained  of,  even  by  the  most 
sensitive  patient.  Some  ureter  catheters  have  been  retained  for  days  at 
a  time,  without  injury. 

Cystoscopes  and  Cystoscopy. — Modem  cystoscopy  had  its  beginning 
in  the  instruments  of  Max  Nitze  and  Joseph  Leiter  in  1875-80."  While, 
previous  to  that  period,  commendable  efforts  at  inspection  of  the  bladder 
had  been  made  from  time  to  time,  the  cystoscopes  mentioned  were 
the  first  to  provide  for  practical  accomplishment  of  that  difficult  object. 
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Since  then,  under  the  leadership  of  Nitze,  the  work  has  been  prosecuted 
with  tireless  energy;  and  although  the  stamp  of  the  parent  stock  is  still 
evident,  there  has  been  evolution  from  the  cumbersome  and  complicated 
instruments  of  large  caliber,  hot  lamps,  and  unreliable  cooling  apparatus, 


Fio.  152.— Bbenner's  CYSTascoPE  (Single  Catheterizino,  Direct  Method.  Lens  and  Water 

Medium). 
a,  a,  Ureter  catheter;  6,  cock;  e,  obturator. 


to  the  light  and  graceful  ones  of  precision  and  wide  application  of  the 
present  day;  provided  with  brilliant  lamps  that  do  not  get  hot  and  means 
for  maintaining  a  clear  field  for  obsen^ation  and  work. 

Modem  cystoscopes  have  certain  general  features  in  common,  and 
also  points  of  essential  difference.  They 
are  intended  to  fulfil  different  purposes: 
some  for  observation  of  the  bladder 
merely;  others  for  catheterization  of  the 
ureters;  and  still  others  for  the  pur- 
pose of  operating  within  the  bladder 
and  ureters.  Some  are  used  with  air 
as  a  distending  medium,  while  others 
are  used  only  with  water  for  that  purpose. 

Of  the  various  cystoscopes  on  the 
market  at  the  present  time,  the  most 
prominent  are  those  made  under  the 
names  of  Nitze,**  Brenner,  Casper,*  Albarran,  Tilden  Brown,"  BierhoflF ," 
and  Bransford  Lewis."' •'"  Without  going  into  detailed  descriptions 
of  these,  their  principal  features  may  be  mentioned. 


Fio.  153. — Alrarran'b  Lever  for  Ele- 
vating Ureter  Catheter. 


Fio.  164. — Bierhoff'b  Catheterizino  Ctstoscope. 


The  several  models  of  Nitze  furnish  admirable  means  for  obsen'ation, 
for  ureteral  catheterization,  and  for  operating  within  the  bladder  The 
instruments  of  Casper,  Albarran,  Brenner,  and  BierhofT  (Figs.  152-154)  (the 
latter  being  purely  a  modification  of  Xitze's)  aim  especially  at  catheteriza- 
tion, but  also  afford  fairly  good  views  of  certain  parts  of  the  bladder. 
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The  scope  of  their  field  of  observation  is  limited  by  the  fact  that  they 
supply  views  from  the  concavity  of  the  instrument  or  the  convexity  only. 


%L 


Ifigfit angle  yi'icM 


=*==^ 


CdtheVrizing 

Fio.  166. — ^TiLDEN  Brown 'b  CoupoeiTE  Ctstoscopb. 


hut  not  from  both  concavity  and  convexity.    The  cystoscopes  of  Tilden 
Brown  (Fig.  155)  and  my  own  (the  Universal)  work  on  both  concavity 


Fig.  156. — ^The  Bransford  Lewis  Univerbai.  Cy8to»cope,  Direct  Catreterizing  Tblescopk 
IN  Place,  Illuminating  Above  and  Below  (Water  Medium). 

and  convexity,  the  lamps  being  so  arranged  in  these  that  they  shed  light  in 
both  directions,  and  lenses  are  provided  to  supply  views  in  both  directions. 


c 


^ 


Fig.  167. — Right-angle  and  Retrospection  Telescope  for  LTniverbal  Cystobcope. 

Both  of  these  instruments  provide  for  catheterization.     The   Universal 
of    Lewis   fulfils   the  following   specific  objects :     (1)  Direct,   forward 


^ 


Fig.  158. — Obturator  for  Universal  Cystoscope. 

view;     (2)  double   catheterization   by   the   direct   method;     (3)  right- 
angle  view;  (4)  retrospective  view;  (5)  double  catheterization  by  the. 
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indirect  method ;  (6)  irrigation  of  the  bladder  for  removal  of  blood  and 
pus  during  manipulation,  maintaining  a  clear  field,  and  regulating  the 
quantity  of  distending  fluid  (water). 

Air  cystoscopes  are  simpler  in  construction  than  those  mentioned; 
they  are  without  lenses,  afford  a  very  much  smaller  field  of  observation, 
and  the  chief  advantage  pertaining  to  them  is  that  of  permitting  the 
operator  to  work  notwithstanding 
fairly  active  bleeding  into  the 
bladder  at  the  same  time.  Lens 
instruments  are  used  with  water- 
distention,  a  more  comfortable 
and  natural  medium  than  air. 
They  afford  a  much  larger  field 
of  vision  and  better  views  within 
the  bladder;  and  when  provided 
with  means  for  taking  care  of 
hemorrhage,  are  to  be  preferred 
to  air  instruments. 

Technic  of  Cystoscopy. — 
There  are  certain  preliminary'  requirements  common  to  the  use  of  all 
cystoscopes.  Sufficient  deadening  of  the  sensibiHty  of  bladder  and 
urethra  must  be  secured  in  order  to  effect  easy  or  satisfactory  manipula- 
tion. As  to  whether  an  anesthetic  is  necessary  depends  largely  on  the 
sensitiveness  of  these  organs.  In  many,  the  whole  procedure  is  carried 
out  with  a  surprising  lack  of  complaint  from  the  patient.  In  most 
cases,  however,  either  local  or  general  anesthesia  must  be  provided. 


Flo. 


159. — Indikect  Catheterizing   Arranob- 
MENT,  Universal  CrsTOftCOPE.* 


Fio.  160. — Bransford  Lewis  Double  Male  Ureter  Cystoscope  (Air  Distention). 


The  bladder  must  be  well  cleansed,  freeing  it  of  mucus,  pus,  or  blood 
that  would  cloud  the  distending  fluid  and  obscure  the  vision.  This 
preliminary  washing  is  done  through  a  soft-rubber  catheter,  following 
which  the  anesthetic  is  applied  and  clear  fluid  is  injected  and  allowed  to 
remain  in  the  bladder,  to  serve  as  the  distending  medium.  With  the 
Tilden  Brown  or  the  Bransford  Lewis  cystoscopes,  the  washing  may  be 
done  through  the  sheath  of  the  instrument,  which  carries  a  large,  full 
stream  back  and  forth ;  and  no  time  need  be  lost  in  inserting  the  catheter- 
izing  telescope  through  the  sheath  after  the  cleansing  is  effected. 

♦Plans  and  specifications  completed,  but  delayed  in  execution. 
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A  sufficient  quantity  of  fluid  must  be  introduced  to  afford  working 
space  for  the  cystoscope.  Less  than  three  ounces  in  the  bladder  is  im- 
practicable; from  five  to  ten  ounces  is  serviceable;  while  some  very 
atonic  bladders  are  best  examined  when  containing  even  more  than  that. 
Bladders  that  are  contracted  or  intolerant  of  sufficient  fluid  are  rendered 
more  tractable  by  elevating  the  pelvis  (semi-Trendelenburg  posture), 
which  removes  the  pressure  from  the  neck,  the  tenderest  part. 

Anesthesia. — It  is  only  in  a  few  exceptional  cases  that  general  anes- 
thesia is  required,  some  form  of  local  anesthesia  amply  sufficing  for  the 


Fio.  161. — Position  for  Cystoscopy  and  Catheterization  of  the   Ureters.     The   Brans- 
ford   Lewis  Cystoscopic  Table. 


remainder,  with  the  exception  of  the  few  in  which  no  anesthetic  at  all  is 
necesssLvy. 

The  posterior  urethra  and  the  vesical  neck  are  the  points  requiring 
the  anesthetic  influence,  the  anterior  urethra  and  bladder  wall  in  general 
requiring  none  at  all. 

The  favored  mode  of  securing  this  effect  has  been  that  of  depositing 
20  or  30  minims  of  a  4  per  cent,  solution  of  cocain  in  the  posterior 
urethra,  after  emptying  the  bladder  of  all  contents.  The  solution  thus 
deposited  is  not  inclined  to  remain  in  the  posterior  urethra,  but  under  the 
influence  of  the  muscular  apparatus  surrounding  the  canal  passes  back 
into  the  bladder  and  soon  mixes  with  the  urine  as  it  comes  from  the 
ureters.     It  is  thereby  diluted,  and  its  effect  is  transient.     While  this 
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method  is  serviceable  to  a  degree  in  patients  not  extremely  sensitive, 
it  is  not  satisfactory  where  there  is  a  state  of  inflammation  and  super- 
sensitiveness;  to  meet  which  conditions  I  some  years  ago  devised  and 
have  been  using  with  much  satisfaction  the  urethral  tablet  depositor"^ 


t=^ 


Pio.  162. — ^The  Branbpord  Lewis  Urethral  Tablet  Depositor. 


depicted  in  Fig.  162.  With  this  instrument  tablets  of  either  cocain  or 
alypin  or  novocain  (one-half  to  one  grain  each)  are  deposited  well  within 
the  posterior  urethra,  are  allowed  to  rest  there  for  a  minute  until  macerated, 
and  then,  by  to-and-fro  movements  of  the  depositor,  are  spread  over  the 
membrane  in  that  neighborhood.  A  thick 
smear  and  confined  application  of  the  drug 
result  from  this  mode  of  using  it,  and  the 
effect  is  much  more  serviceable  and  lasting. 
Since  the  posterior  urethra  and  bladder  pos- 
sess little  absorptive  power,  there  is  little 
likelihood  of  observing  toxic  effect  from  this 
procedure,  even  where  two  or  three  grains  of 
cocain  are  used.  Alypin  and  novocain  are 
considerably  less  toxic  than  is  cocain,  and  are 
almost  equally  as  effective. 

Loss  of  sensitiveness  of  the  vesical  neck 
may  be  tested  by  further  manipulation  of 
the  depositor;  which,  when  attained,  is  fol- 
lowed by  filling  of  the  bladder  with  clear  fluid 
and  the  introduction  of  the  cystoscope. 

The  light  having  previously  been  tested 
and  adjusted,  is  now  turned  on  and  a  pre- 
liminary sur\'ey  of  the  field  is  taken.  Sup- 
posing the  cystoscope  to  be  of  the  Nitze 
type  (the  lens  on  the  concavity),  the  beak  is 
at  first  pointed  toward  the  front  wall  of  the 
bladder.  As  the  operator  wishes  to  pursue 
his  investigation  he  turns  the  instrument  on 

its  axis,  bringing  into  view  in  succession  the  lateral  wall,  one  of  the  ureters, 
the  trigone  and  bas  fond,  the  other  ureter,  and  then  the  opposite  lateral 
wall.  Only  a  part  of  the  posterior  wall  comes  into  view  with  this  form  of 
instrument;  so  that,  in  order  to  obtain  a  complete  view  of  the  posterior 


Fio.  163.— "Gem"  Current  Re- 
nrcKR  AND  Controller. 
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wall,  it  is  necessary  to  withdraw  this  one  and  introduce  one  giving  a 
straight  or  direct  view,  from  the  heel  (the  Brenner  type).  In  working  with 
the  Brown  or  my  own  universal  model,  the  sheath  is  not  withdrawn, 
the  exchange  of  views  being  made  by  the  successive  introduction  of  the 
telescopes  supplying  the  several  views.  The  sheath  also  serves  as  a  full- 
sized  catheter,  furnishing  means  for  ready  change  of  the  fluid  or  r^ulation 
of  its  quantity,  through  the  cocks  at  the  sides  of  the  sheath.  This  also 
permits  the  displacement,  by  a  forcible  stream  of  water,  of  flakes  and 
shreds  of  muco-pus  that  often  float  in  the  fluid  and  obscure  the  vision. 
In  one  instance  observed  by  myself  heavy  flakes  of  muco-pus  hung 
in  a  veil-like  manner  from  the  walls  of  a  cancerous  bladder,  and  would 
have  wholly  defeated  the  investigation  had  not  advantage  been  taken  to 
wash  them  out  of  the  way,  in  the  manner  mentioned,  after  which  a  beauti- 
ful view  was  obtained. 
Catheterization  of 
the  Ureters. — Prac- 
tically all  modern  cathe- 
terizing  cystoscopes 
provide  for  double 
catheterization  at  the 
same  sitting,  either  by 
two  catheter-channels , 
or  a  single  channel  with 
a  removable  slide  (Cas- 
per) which  permits  a 
second  catheter  to  fol- 
low the  first  after  the 
first  is  dislodged  from 
the  channel.  Provision 
for  double  synchronous 
catheterization  is  abso- 
lutely essential. 

With  the  cystoscope 
in  place,  the  light  turned 
on,  and  the  ureteral  catheters  lying  well  within  their  channel  or  channels, 
according  to  the  particular  instrument  in  use,  search  is  made  for  one  of  the 
ureteral  openings.  They  are  to  be  found  at  the  upper  angles  of  the  trigone, 
about  three-quarters  of  an  inch  from  the  median  line,  and  about  an  inch 
from  the  inner  extremity  of  the  urethra.  They  are  to  be  recognized  as 
small  slits  or  dimples  in  the  membrane,  possibly  on  the  apex  of  a  little 
papilla;  and  their  recognition  is  confirmed  by  observing  the  issuance  from 
them,  at  short  intervals,  of  jets  of  urine  that  swirl  in  the  surrounding  fluid 
in  a  characteristic  manner.  If  this  urine  is  tinged  with  blood  or  pus,  or 
artificially,  by  pi-evious  hypodermic  injection  of  indigo-carmin  solution, 
it  is  even  more  readily  recognized.  The  openings  of  the  ureters  are  not 
always  placed  at  the  same  location,  nor  are  they  always  symmetrically 
located;  one  may  be  quite  near  the  median  line,  the  other  at  a  consider- 
ably greater  distance  from  it.     Peristaltic  movements  either  of  the  blad- 


Fio.  164. — Showing  thk  Short  Distanck  Bridgko  by  the 
Gathktkr  in  thk  Direct  Method.  Universal  Cystoscope. 
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der  or  of  the  intestines  behind  it  produce  changes  in  their  location  and 
relationship,  even  in  the  same  individual. 

Inflammaton'  conditions  of  the  bladder-membrane  often  increase  the 
difficulty  of  detecting  the  ureteral  openings,  by  adding  to  the  number  of 
dimples  and  depressions  that  resemble  the  openings,  or  by  sinking  the 
real  opening  into  the  edematous  membrane  in  such  a  way  that  it  is  not 
easily  recognized.  But  experience  and  practice  will  remove  much  of 
this  difficulty. 

A  ureteral  opening  having  been  detected,  the  cystoscope  is  brought  as 
near  as  may  be  to  it,  the  catheter  is  aimed  at  and  pushal  into  it,  then 
gradually  threaded  up  the  ureter  as  far  as  appears  desirable.  If  it  is  de- 
sired only  to  draw  urine  from  that  kidney,  the  insertion  of  the  catheter 
four  or  five  inches  will  be  sufficient :  but  if  it  is  desired  to  explore  the  ureter 
for  stone  or  stricture,  the  catheter  is  passed  eight  or  nine  inches  after  it 
enters  the  opening. 


Fio.  Ift5.- 


-I'reter  Catheterization  by  the  Direct  Method,  Ordinary  Conditions;  Short 

DlHTANCE    TO    BE    BRlD(iKD. 


Having  finished  with  that  side,  the  cystoscope  is  turned  to  the  other 
ureter  opening  and  the  same  procedure  is  carriecl  out.  Before  withdraw- 
ing the  cystoscope  it  is  usually  advisable  to  allow  some  of  the  fluid  to 
escape  from  the  bladder,  rendering  the  patient  more  comfortable  while 
the  catheters  are  draining  during  the  next  half-hour  or  more ;  this  is  done 
by  opening  the  drainage  cocks  of  the  cystoscope. 

The  cystoscope  lamp  having  been  extinguished,  the  instrument  is 
carefully  withdrawn  from  the  bladder,  the  catheters  at  the  same  time  being 
fed  into  the  instrument  and  remaining  in  their  same  position  within  the 
ureters.  Jerky  movements  of  catheters  at  this  point  are  liable  to  cause 
the  appearance  of  blood-cells  in  the  urine  subsequently  drained  through 
them.  If  carefully  executed ,  no  difficulty  should  be  met  with  in  this  proce- 
dure. 

The  outer  ends  of  the  catheters  are  next  wiped  with  moist,  aseptic 
gauze,  and  after  the  first  few^  drops  of  urine  are  thrown  aside  one  catheter 
(that  from  the  right  ureter)  is  led  into  a  sterile  test-tube  or  bottle,  marked 
R,  while  the  other  drains  into  a  tube  marked  L.     In  order  to  be  doubly 
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sure  of  preventing  confusion  of  the  two  sides  (a  matter  that  is  all-impor- 
tant) it  is  well  to  have  the  catheters  of  different  colors,  a  light-colored  one 
for  the  left,  and  a  red  or  dark-colored  one  for  the  right. 

Two  to  four  drams  of  urine  thus  drained  are  usually  sufficient  to  make 
the  required  examinations,  both  microscopic  and  chemical.  Gravity 
beads  are  used  for  taking  the  weight.  If  there  is  such  an  amount  of  red 
blood  as  to  dominate  the  field  of  a  microscope-slide,  it  may  be  caused  to 
disappear  by  adding  a  few  drops  of  acetic  acid,  leaving  a  clear  view  of 
pus,  epithelia,  or  casts. 

Ureter  Catheterization  in  the  Female. — The  female  bladder  usually 
presents  less  difficulty  with  respect  to  ureter  catheterization  than  the 
male,  because  of  the  shorter  length  of  urethra,  and  the  lessened  resistance 
offered  the  distending  medium,  whether  air  or  water.  It  has  been  on 
this  account  that  the  Kelly-Pawlik  method  has  attained  such  popularity 
for  women,  while  it  was  inexpedient  in  men.  By  supplying  sufficient 
pelvic  elevation,  in  women,  either  in  the  dorsal  or  the  knee-breast  position, 
the  bladder  tends  to  dilate  from  atmospheric  pressure  alone,  without  the 
forced  distention  from  air  or  w^ater  within.    While  this  is  the  case  with 


FiQ.  166. — Braksford  Lewis  Double  Female  Ureter  Ctbtoscope  (Air  Distention). 

most  women,  it  is  a  further  fact  that  in  certain  ones  the  Trendelenbui^ 
posture  does  not  suffice  to  secure  the  dilatation,  and  forced  distention  is 
required — easily  furnished  in  the  newer  air  instruments  by  means  of  the 
rubber  bulb  apparatus.  The  author's  air  cystoscope  for  women  (Figs.  166 
and  167)  is  thus  equipped,  besides  adding  the  following  features  to  the  Kelly 
model  of  bladder  speculum:  A  cold  electric  lamp,  placed  in  the  beak, 
affording  ample,  steady,  and  complete  illumination  of  the  field  of  observa- 
tion and  work;  two  tubes  on  the  lower  wall  of  the  cystoscope,  for  conduct- 
ing the  two  ureter  catheters  and  giving  easy  control  over  them,  and  doing 
aw^ay  with  the  necessity  of  employing  metal  catheters,  which  are  less 
safe  and  less  comfortable  to  the  patient.  A  slightly  magnifying  window 
sharpens  the  image  observ^ed  and  retains  the  air  that  is  pumped  in.  in 
certain  cases.  With  this  form  of  cystoscope  it  is  unnecessary  to  employ 
one  of  such  great  caliber  that  preliminarv^  dilatation  of  the  urethra  with 
graduated  dilators  is  required.  Caliber  26,  French,  affords  an  ample 
field  for  catheterization  and  ordinary  purposes  of  cystoscopy.     Local 
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anesthesia  is  provided  in  the  same  manner  as  already  described,  by  means 
of  the  tablet  depositor  (page  287). 

If  a  lens  cystoscope  be  used,  the  technic  does  not  differ  essentially 
from  that  employed  for  the  male. 

Cystoscopy  with  Air-distention. — As  previously  remarked,  the  chief 
advantage  derived  from  the  __^-__ 

air-cystoscope  is  the  ability  it 
furnishes  to  the  operator  to 
work  in  the  bladder  or  ure- 
ter notwithstanding  quite  ac- 
tive bleeding  into  the  bladder. 
The  blood  is  taken  care  of  by 
dropping  the  patient  into  the 
extreme  Trendelenburg  pos- 
ture, which  allows  the  blopd 
to  gravitate  to  the  vault  of 
the  bladder,  away  from  the 
operative  field.  This  work  re- 
lates to  intravesical  and  intra- 
ureteral  manipulations,  in- 
cluding catheterization. 

Through  the  author's 
operative  cystoscope  (Fig. 
168),  and  with  the  aid  of  the 
several  appurtenances  per- 
taining thereto,  foreign  bodies 
and  small  calculi  may  be 
grasped  and  removed,  ap- 
plications may  be  made  to 
the  bladder  wall  with  a  swab, 
and  galvanocauterization  ef- 
fected. The  field  of  intra- 
ureteral  work  within  the 
sphere  of  this  instrument 
embraces  the  dilating  or  in- 
cision of  the  ureteral  orifice, 
sounding  of  the  ureter  for 
stone,  and  removal  of  a  stone 
from  the  lower  end  of  the 
ureter."^ 

Since  air  is  an  unnatural 
and  less  comfortable  medium 
for  contact  with  the  bladder 

membrane  than  water,  a  more  pronounced  anesthetic  effect  is  desirable 
here.  It  is  furnished  in  the  same  manner,  by  means  of  the  tablet  deposi- 
tor. The  bladder  being  emptied  of  all  contents,  the  cystoscope  introduced, 
the  obturator  withdrawn,  the  patient  is  lowered  into  the  Trendelenburg 
posture.    The  bulb-aspirator  is  used  to  pump  out  the  little  urine  that  may 
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Fig.  167. — Female  Ureter-cystobcope  (Air)  as  1n- 

TRODUCKD  AND    DeKLECTED   FOR  CATHETERIZATION 

OF  Ureter. 
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have  collected  in  the  mean  time.  The  light  is  turned  on  and  the  ocular 
window  placed  in  its  position.  An  assistant  keeps  up  moderate,  gentle  in- 
flation of  the  bladder  through  the  double-bulb  air-pump,  using  warmed, 
sterile  air  for  the  purpose.     When  it  is  desired  to  make  use  of  any  of  the 
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Fio.  168. — The  Bransford   Lewis  Operative   Cystoscope  and  Appurtenances  Pertaininu 

Thereto. 

dilators,  forceps,  etc.,  a  perforated  window  is  used  instead  of  the  plain  one, 
which  permits  the  operator  to  manipulate  while  within  the  direct  field 
of  his  vision,  and  also  to  maintain  sufficient  air  in  the  bladder  for  dis- 
tention (this  with  continued  attention  from  the  assistant).  Catheteriza- 
tion and  sounding  are  effected 
through  the  conducting  tube 
that  passes  through  the  per- 
forated w  indow,  in  this  instru- 
ment. 

Difficulties     and     impedi- 
ments to  cystoscopy  and  cathe- 
terization of  the  ureters  are 
many  and  are  sometimes  dis- 
couraging.    The    procedures 
are  of  a  delicate  nature,  re- 
quiring   much    practice   and 
adaptibility  to  that  kind  of 
work.      Considerable    assist- 
ance   may  be   derived  from 
practice  with  a  phantom  or 
imitation  bladder  (Fig.  169). 
Of  the  difficulties  met  with,  those  coming  from  insufficient  anesthesia 
are  probably  the  most  frequent,  consisting  of  bladder  contractions  and 
resistance,  and  manifestations  of  pain  on  the  part  of  the  patient.     Insuffi- 
cient working-space,  from  lack  of  bladder  capacity  or  too  little  fluid  intro- 


Fic.  169.— Bladder  Phantom. 
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duced;  free  bleeding  from  the  posterior  urethra,  bladder,  or  ureters;  dis- 
placed or  obscured  ureteral  openings;  vesical  tumors,  or  intravesical  pros- 
tatic lobes;  strictured  urethra,  strictured  ureters  or  those  obstructed  by 
calculi;  "precipitate"  bladder  or  deep  bas  fond,  as  indicated  in  Fig.  170, 
are  some  of  the  causes  of  difficulty  in  connection  with  cystoscopy  or 
catheterization.  If  it  is  found  that  sufficient  local  anesthesia  is  not 
attainable  by  the  method  already  advised,  general  anesthesia  may  be 
employed  or  spinal  anesthesia  may  be  substituted,  three-fourths  to  one- 
half  grain  of  alypin  being  injected  into  the  subarachnoid  space  for  that 
purpose.  All  difficulties  must  be  met  with  intelligent  appreciation  and 
appropriate  action  as  they  are  encountered. 


Fig.  170. — Precipitate  Bladder;  Ureters  Inaccessible  to  Direct  Method  or  Catheteriza- 
tion; Indirect  Method  in  Use. 


MALFORMATIONS  OF  THE  BLADDER. 

Absence  of  the  Bladder. — In  certain  individuals  the  bladder  is 
congenitally  absent,  the  ureters  then  opening  into  the  urethra,  the  vagina, 
or  the  rectum.  This  condition  is  rare.  Its  indications  for  correction 
are  largely  met  by  the  wearing  of  a  rubber  urinal ;  but  there  is  little  pros- 
pect of  reclamation  to  the  normal  by  operative  measures,  as  in  such  in- 
stances the  accompanying  malformations  are  so  great  as  to  dwarf  the 
urgency  of  relief  from  this  condition. 

Supernumerary  or  multiple  bladder  is  another  rare  congenital 
anomaly.  It  is  sometimes  confused  with  congenital  diverticula  of  the  oi^an. 
Supemumerar}'  bladder  occurs  in  connection  with  redupUcation  of  other 
pelvic  organs,  such  as  double  penis,  vagina,  etc.,  and  is  but  a  phase  of 
general  congenital  anomaly.     It  requires  no  especial  operative  attention. 

Diverticula  or  sacculations  of  the  bladder  are  both  congen- 
ital and  acquired.  The  former  are  incidental  to  congenital  lapses,  such 
as  patent  urachus,  while  acquired  diverticula  are  almost  invariably  asso- 
ciated with  and  secondary  to  some  obstructive  condition  that  interferes 
w^ith  the  outflow  of  urine  from  the  bladder. 

The  congenital  variety  are  usually  not  troubfesome  on  their  own 
account,  and  unless  observed  in  the  course  of  a  cystoscopic  examination 
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for  some  other  condition,  may  go  undiscovered  until  disclosed  by  post- 
mortem examination.  The  acquired  variety,  however,  are  not  prone  to 
lead  such  an  innocuous  existence.  Both  through  associated  conditions, 
to  which  they  are  due,  and  because  of  their  own  possibilities  for  evil,  the 
individual  in  whom  they  occur  may  be  subject  to  inveterate  suffering. 
The  typical  diverticulum  of  this  kind  (acquired)  begins  as  a  small 


Fio.  171. — Photographic  Cystoscopic  View 
OF  THE  Ureter  RiuciK  a.vi>  Papilla,  with 
THE  Ureter  Opening  Situated  on  the 
Apex  or  the  Papilla  (Nitae). 


Flo.  172. — Showing  the  Ureter  Opening 
Without  Ridge  or  Papilla;  Marked 
Vascularity  (both  Arterial  and  Ven- 
ous) OF  the  Adjacent  Membrane  (Nitze). 


herniated  protrusion  of  vesical  mucous  membrane  between  the  meshes 
of  muscular  fibers  of  the  bladder  wall.  The  detrusive  pressure  of  the 
obstructed,  forcibly  contracting  bladder  meets  with  the  counterpressure 
of  the  contained  urine,  starting  the  hernia  of  mucous  membrane.  Repeti- 
tions of  this  effect  eventuate  in  a  sacculation  of  membrane,  small  at  its 
neck,  but  possibly  as  large  as  a  walnut  or  larger,  as  it  protrudes  from  the 


A  B 

Fig.  173. — Uric  Stones  in  the  Bladder  (Nitue). 

A.  Large,  oval  uric  stone  in  the  bladder ;  B,  showinK  posterior  middle  lobe  of  prostate  and  two 

uric  stones  lying  in  tlie  bas  fond. 

bladder  wall.     It  may  or  may  not  be  covered  by  peritoneum,  according  to 
the  location  where  it  is  attached. 

With  the  urine  clear  and  sterile,  in  such  a  case,  there  may  be  no  local 
or  systemic  reaction,  but  once  infection  has  entered,  conditions  are 
materially  changed.  The  sacculus,  having  no  power  to  drain  or  empty 
itself,  retains  decomposed  urine  indefinitely,  undergoes  chronic  infective 
inflammation,  and  perpetuates  the  cystitis  that  ensues.     Conditions  thus 
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established  are  favorable  for  the  development  of  calculus  within  the  diver- 
ticulum ;  and  at  the  same  time  its  inclosure  within  such  a  cavity  makes  it 
especially  difficult  of  detection  by  means  of  the  instrument  usually  em- 
ployed for  determining  the  presence  of  calculus,  the  stone-searcher.    The 


Fig.  174. — Congenital  Diverticulum  in  the 
Bladder  WALL(Nitze). 
The  smooth  round  ed^es,  us  well  as  the 
bottom  of  the  cavity,  are  plainly  evident,  as 
distinguished  from  the  acquired  form  of  diver- 
ticula; no  other  sacculations  appear  in  the 
wall  of  the  bladder. 


Fig. 


176. — Dilated  Ureter  and  Ureteral 
Opening  (Fenwick). 


cystoscope  is  the  means,  par  excel- 
lence, for  disclosing  both  sacculation 
and  stone  (Figs.  173,  175). 

It  is  common  to  observe  sacculations  of  variable  number  and  size  in 
making  cystoscopic  investigation  of  prostatic  cases. 

Although  there  is  little  contractility  in  the  walls  of  diverticula,  which 
practically  consist  of  nothing  but  overstretched  mucous  membrane,  still, 
when  the  obstructive  condition  that  has  caused  it  is  removed,  gradual 
shrinking  or  even  disappearance  of  the  sac- 
culation often  ensues.     A  very  large  diver- 
ticulum that  had   probably  existed  for  a 
number  of  years,  in  a  case  under  my  own 
observation,  was  seen  to  follow  this  course 
after  the  removal  of  neurotic  obstruction 
at  the  vesical  neck. 

Treatment  of  sacculated  bladder  may  re- 
late to  either  palliative  or  radical  measures. 
The  palliative  consist  in  regular,  periodic 
catheterization,  or  even  the  retained  cathe- 
ter, for  the  purpose  of  preventing  any  ac- 
cumulation of  urine  that  might  contribute 
to  further  stretching  of  the  bladder  walls; 
gentle  irrigation  of  the  organ  with  antiseptic 
and  tonic  fluids :  the  use  of  vibrator\^  and 
other  abdominal  massage;  Faradic  elec- 
tricity ;  strychnin  internally ;  reconstruction 
of  the  general  health. 

The  more  radical  measures  relate,  first,  to  the  removal  of  any  possible 
obstruction  to  the  escape  of  urine  from  the  bladder  or  urethra;  and, 
second,  the  obliteration  or  removal  of  the  diverticulum  itself  in  case  that 
becomes  necessary. 


Fuj.    176. — Lime    OxalaTk    Stone 
Projecting     from     Ureteral 
Opening  (Fenwick). 
Note. — This    would    be    favor- 
able for  removal  through  the  oper- 
ative cystoscope  by   means   of   the 
forceps,    possibly    with    preliminary 
incision  or  dilatation  of  the  orifice 
with  the  appropriate  ureter  instru- 
ments. 


296  SURGERY  OF  THE  BLADDER. 

While  it  is  possible,  in  a  few  cases  of  sacculation,  to  incise  the  orifice 
and  release  pent-up  fluid  or  a  stone  contained  therein,  at  the  same  time 
establishing  free  communication  between  the  cavity  of  the  bladder  and 
that  of  the  diverticulum,  the  usefulness  of  this  procedure  will  doubtless 
prove  limited.  Complete  excision  of  the  sac,  with  closure  of  the  resulting 
aperture  through  the  wall  of  the  bladder,  offers  the  only  hope  of  reclama- 
tion in  severe  cases.  This  method  has  been  successfully  executed  in  nine 
instances,  so  far,  with  improvement  or  recovery  in  all  but  one  of  the  cases. 
The  operators  were:  P6an,*^  Czemy,"  Riedel,**  Pagenstecher,"  von  Eisels- 
berg,i"  Young,"'  Wagner."' 

The  cases  embraced  both  the  acquired  and  congenital  forms  of  diver- 
ticula. In  brief,  the  operation  consists  in  gaining  access  to  the  diverti- 
culum through  a  suprapubic  incision,  from  the  outside  of  the  bladder  and 
extraperitoneal^,  if  possible,  or  from  the  inside  of  the  bladder  if  neces- 
sary. In  the  former  case  the  sacculation  is  definitely  outlined,  is  excised 
by  a  circular  incision  passing  through  all  coats  of  the  organ,  and  the  re- 
sulting opening  is  closal  by  purse-string  or  interrupted  chromicized  catgut 
sutures,  the  edges  of  the  mucous  membrane  being  turned  in  to  contribute 
to  security  of  closure.  If  it  be  found  necessary  to  work  from  within  the 
bladder,  as  may  happen  when  the  sacculation  is  attached  to  the  posterior 
wall,  access  is  obtained  by  first  opening  through  the  anterior  wall,  after 
which  the  mucous  membrane  is  severed  at  the  margin  of  the  saccular 
orifice  and  dissected  from  the  underlying  tissues;  this  paves  the  way  to 
closure  of  the  resulting  opening  in  the  vesical  wall  in  the  manner  before 
mentioned,  and  also  to  the  filling  by  granulation  of  the  space  behind  the 
bladder,  previously  occupied  by  the  tumor.  Outside  drainage  of  this  cavity 
may  or  may  not  be  required.  Drainage  of  the  bladder  is  effected  either  by 
catheter  retained  in  the  urethra  or  through  the  suprapubic  wound,  or  both. 

Hypertrophy  of  the  bladder  is  a  condition  secondary  to  some 
other  lesion,  either  obstructive  or  irritative.  The  obstructive  lesion  calls 
for  gradually  increasing  expulsive  efforts  on  the  part  of  the  detrusor 
muscles  to  evacuate  the  organ,  and  thereby  excites  increased  growth  and 
strength  of  the  muscular  structure  of  the  bladder.  The  irritative  lesion 
(stone,  tumor,  or  infection)  excites  the  organ  not  so  much  to  exaggerated 
effort  as  it  does  to  frequent  repetition  of  the  effort,  muscular  overgrowth 
being  the  result.  This  form  is  often  accompanied  by  shrinkage  in  the 
general  size  of  the  bladder  and  decrease  in  its  capacity,  and  is  termed 
concentric  hypertrophy;  while  the  obstructive  form  as  often  results  in  wide 
dilatation  of  the  organ,  notwithstanding  the  increase  of  muscular  tissue 
supplied,  to  which  condition  the  term  eccentric  hypertrophy  is  given. 
With  the  gradual  development  and  increase  of  the  obstructive  effect  and 
overpowering  of  the  muscular  tone  of  the  bladder,  eccentric  hypertrophy 
gradually  merges  into  an  atonic  condition  that  renders  it  incapable  of 
exerting  sufficient  expulsive  force  to  empty  the  bladder;  a  certain  amount 
of  ** residual  urine,"  as  it  is  termed,  is  then  left  in  the  bladder  after  each 
urination.  This  varies  in  amount  from  a  few  ounces  to  one  or  two  pints 
or  more  (see  Retention  of  Urine,  p.  299).  With  concentric  hypertrophy 
there  is  usually  no  residual  urine,  save  in  the  instances  in  which  the 
irritative  factor  becomes  obstructive  also. 
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The  overgrowth  of  muscular  structure  shows  itself  not  only  in  thicken- 
ing of  the  wall  of  the  bladder  as  a  whole,  but  also  in  the  numerous  bands  of 
muscular  fibers  that  criss-cross  the  inner  walls  in  every  direction;  that 
might  aptly  be  called  columnar  vesicae,  in  imitation  of  the  term  applied 
to  the  interior  of  the  hypertrophied  heart. 

In  the  interspaces  between  such  bands  of  muscles  unresisting  spaces 
are  left  that  receive  the  counterpressure  of  the  urine  at  each  expulsive 
effort;  gradually  these  dilate  and  form  pockets,  small  for  a  time,  but 
finally  growing  into  sacculi  or  diverticula,  with  the  continuation  of  the 
obstruction  and  backward  pressure. 

The  two  forms  of  hypertrophy  described  above  usually  require  differ- 
ent measures  for  their  relief:  removal  of  the  obstruction,  for  the  eccentric 
form,  and  removal  of  the  source  of  irritation,  for  the  concentric. 

Urethral  stricture  and  prostatic  hypertrophy  are  the  most  frequent 


•  ••••  ,■.::  ■  .':• 

■■:•■■■;•■.  •.M-'.' 

■p^ 

M^ 

^^^^^^^B* -H  ^^H 

1 

^^>  ^^^^^H 

^\  H 

I  i 

f 

Fio.  177. — Man  and  Wife,  Subjkctb  of  Exstrophy  of  the  Bladder. 

causes  for  the  first-mentioned,  while  calculus  is  the  most  frequent  cause 
for  the  latter. 

Both  conditions  may  or  may  not  be  amenable  to  restoration  on  the 
adoption  of  the  required  measures.  A  "dilated"  bladder  may  contract 
to  a  surprising  degree  after  prostatectomy,  even  though  it  appeared  to  be 
hopelessly  atonic;  while  a  **  contracted"  bladder  may  need  not  only  the  dis- 
sipation of  a  chronic  infection,  but  may  have  to  be  brought  up  to  its  former 
capacity  and  tolerance  of  fluid  by  repeated  stretching  and  irrigation. 

Atrophy  of  the  bladder  is  observed  when  the  reservoir  function 
of  the  organ  is  done  away  with  by  continuous  abnormal  escape  of  the  urine 
as  fast  as  it  enters;  as,  for  instance,  in  the  presence  of  vesical  fistula 
that  keeps  the  bladder  constantly  drained  and  unable  to  fulfil  the  office 
for  which  it  was  created.  Its  elasticity,  dilatability,  and  contractiUty 
are  all  disposed  of  under  such  circumstances,  leaving  it  an  inert  sac  with 
thinned  walls  and  but  Uttle  muscular  structure. 
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Exstrophy  of  the  Bladder. — A  congenital  deformity  of  compara- 
tive frequency  is  that  of  exstrophy  of  the  bladder,  in  which,  in  the  course 
of  fetal  development,  there  is  failure  of  union  anteriorly  between  the  two 
lateral  halves  of  the  bladder  and  of  all  in  front  of  it,  including  the  abdo- 
minal wall,  the  pubic  symphysis,  and  the  roof  of  the  urethra;  the  resulting 
space  is  filled  in  by  the  posterior  wall  of  the  bladder  and  the  floor  of  the 
urethra.  This  part  of  the  genito-urinary  tract,  in  other  words,  lacks  the 
'^roof"  that  would  naturally  have  been  formed  by  the  union  of  their 
lateral  halves  anteriorly.     It  is  a  condition  of  extreme  epispadias. 

The  condition  that  results  is  deplorable  (Fig.  177).  The  reddened  and 
irritated  mucous  membrane  of  the  bladder,  instead  of  receiving  the  support 
and  protection  naturally  given  it,  protrudes  awkwardly,  in  a  location  in 
which  it  is  constantly  exposed  to  contact  with  clothing;  the  neighboring 
parts  are  unceasingly  bathed  in  scalding  urine  that  issues  from  the  exposed 
mouths  of  the  ureters;  and  the  urinous  odor  that  envelops  the  patient 
is  hardly  less  disagreeable  to  him  than  to  those  who  must  associate  with  him. 

The  penis  is  rudimentary  and  undeveloped,  and  the  largest  service 
to  be  expected  of  it  is  that  of  acting  as  a  gutter  for  guiding  the  urine  into  a 
rubber  urinal  strapped  to  the  thigh  of  the  patient.  Anomalies  of  the 
testes  often  coexist. 

In  women  the  exstrophic  condition  is  similar,  there  being  no  covering 
for  the  bladder  or  the  urethra,  and  a  wide  space  intervenes  between  the 
ends  of  the  pubic  bones  where  the  symphysis  should  be  (Fig.  177). 

Naturally,  inexhaustible  efforts  have  been  expended  in  the  laudable 
endeavor  to  correct  such  wretchedness  and  reclaim  such  sufferers  to  com- 
fortable existence ;  but  only  partial  success  has  crowned  the  endeavor. 

Plastic  methods  of  operation  have,  in  many  instances,  attained  the 
immediate  purpose  for  which  they  were  designed.  By  newly  formed 
flaps,  artfully  obtained  from  adjacent  structures,  they  have  secured 
covering  for  the  protruding  bladder;  they  have  succeeded  in  forming 
a  receptacle,  instead  of  the, bulging  tumor;  but,  one  and  all,  they  have 
failed  to  establish  a  sphincter  to  fulfil  the  retentive  function  that  is  requisite 
to  answer  the  needs  of  a  urinar\^  reservoir.  All  such  autoplastic  methods 
are  doomed  to  defeat  at  the  outset.  Even  those  that  go  farthest  toward 
making  a  closed  cavity  are  still  farthest  from  securing  relief  to  the  patient, 
as  it  has  been  found  that  in  just  such  instances  decomposition  of  urine, 
deposition  of  phosphatic  material  and  irritating  substances  on  the  inner 
surfaces  of  such  receptacles  have  been  the  greatest.  Under  such  circum- 
stances it  has  been  found  almost  invariably  necessar}^  to  reopen  the  cavity, 
for  better  drainage  and  freer  access  to  cleansing  measures. 

Simon/^Czemy,"  Pozzi,"  Maydl,"  Sonnenburg/^'  Segond,^^  Murray,** 
Harrison,**  Rutkowski,"*  Trendelenburg ,^°"  Pancoast,"  Wood/^  Heyden- 
reich,  Thiersch,'^  Mundel,  Fowler,^  LeFortr  Rydygier,^«*— all  have 
had  a  hand  in  the  reconstructive  work  for  exstrophies.  Practically  all 
such  work  has  been  divisible  into  two  groups:  Those  having  for  their 
object  the  construction  of  a  urinary  reservoir  with  the  bladder  as  a  basis 
(autoplasty) ;  and  those  that  purpose  the  diversion  of  the  urinarj*-  channel 
either  externally,  in  a  more  suitable  or  convenient  direction,  or  into  the 
lower  bowel  or  vagina,  with  the  intention  of  converting  these  organs  into 
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receptacles  for  the  temporary  retention  of  the  urine.  The  latter  plan 
has  been  attended  with  far  greater  success  than  the  former.  Maydl,  for 
instance,  who  formerly  practised  an  autoplastic  method  of  his  own,  has 
definitely  abandoned  it  for  one  of  the  other  kind,  in  which  (for  description, 
see  ''Wiener  medicinische  Wochenschrift,''  1896,  xlvii)  he  excises  from 
the  bladder  wall  its  trigone,  including  both  ureters  and  their  openings, 
and  implants  the  whole  into  the  wall  of  the  colon  (sigmoid  flexure); 
then,  dissecting  out  and  removing  from  the  body  the  remainder  of  tlie 
bladder,  he  closes  the  resulting  abdominal  aperture.  The  urine  there- 
after drains  into  the  rectum  through  ureters  that  still  retain  their  natural- 
outlets,  and  no  exposed  tissue  remains  in  the  pubic  area.  The  rectum 
acquires  tolerance  of  the  presence  of  the  urine,  as  well  as  ability  to  hold 
it  for  several  hours  at  a  time. 

The  chief  danger  in  this  and  other  similar  methods  of  operating  arises 
from  the  liability  of  infection  extending  from  the  bowel  into  the  ureters 
and  renal  pelves,  producing  pyelonephritis.  Nevertheless,  extended  ex- 
perience with  the  method  and  reports  of  individual  cases  have  shown 
that  it  has  given  very  much  more  favorable  results  than  any  other  hitherto 
devised.  Hartley^  has  collected  the  results  of  forty-six  cases  operated 
upon  by  this  method,  with  an  ultimate  mortality  of  seven  cases,  or  15  per 
cent.;  of  which  6.5  per  cent,  represents  the  effects  of  infection  of  the 
ureters  and  kidneys,  and  8.5  per  cent,  represents  shock  and  surgical  con- 
ditions avoidable  by  improved  technic  and  better  selection  of  cases. 

In  concession  to  the  sentiment  that  opposes  the  sacrifice  of  any  organ 
of  the  body  that  can  be  saved,  Frank'®  suggested  artificial  vesicorectal 
fistula  as  a  safer  and  better  mode  of  effecting  anastomosis  between  the 
bladder  and  the  bowel.  But  while  plausible  in  theory,  its  high  mortality 
as  applied  experimentally  to  dogs,  and  the  little  experience  with  it  so  far 
noted  in  the  human  being,  makes  one  reserve  judgment  on  its  merits. 

Moynihan,  in  a  well-illustrated  contribution,'*  reports  having  trans- 
planted not  only  the  trigone  but  the  whole  wall  of  the  bladder,  together 
with  the  ureters,  in  a  male  exstrophic,  with  complete  success,  the  patient 
having  been  able  to  hold  urine  in  the  rectum  for  from  three  to  five  hours. 

DISTURBANCES  OF  URINATION. 

Under  this  heading  may  be  described  vesical  retention  and  enuresis, 
opposing  conditions. 

Retention  and  atony  are  so  intimately  related  that  they  may  well 
be  described  together.  Prolonged  or  repeated  retention,  with  over- 
stretching of  the  organ,  from  any  cause  whatever,  results  in  weakening 
of  the  detrusor  muscles,  reducing  their  contractility  and  producing  the 
condition  called  atony;  while,  on  the  other  hand,  atony  itself  contributes 
to  further  retention  by  reason  of  the  inability  of  the  weakened  muscles 
to  expel  the  urine.  Thus  is  established  a  vicious  circle  that  forms  the 
intimate  relation  between  the  two  conditions. 

Normal  urination  is  accomplished  through  the  combined  effort  of 
nervous  impulse  and  muscular  action.  The  bladder  fills  with  urine,  and 
by  sensor>'  connecting  nerves  notifies  both  brain  and  vesicospinal  center 
of  that  fact;   the  brain  arranges  for  appropriate  conditions,  as  to  time 
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and  place  for  urination,  whereupon  the  spinal  center  transmits  the  motor 
messages  that  both  inhibit  the  usual  contraction  of  the  sphincters,  causing 
them  to  relax,  and  at  the  same  time  excite  the  detrusors  of  the  vesical  wall 
to  activity,  causing  them  to  contract ;  the  harmonious  action  of  the  two  sys- 
tems of  muscles  effects  the  normal  expulsion  of  the  contents  of  the  bladder. 

If  there  is  incoordination  or  loss  of  balance  between  these  two  systems, 
detrusive  and  sphincteric,  there  is  derangement  of  the  function  of  urina- 
tion. If  the  sphincteric  function  be  weakened  or  abolished,  there  is 
leakage  or  incontinence;  if  the  sphincteric  energy  be  excessive,  as  com- 
•  pared  with  detrusive  power,  there  is  retention.  Sphincteric  energy  is 
relatively  stronger  when  the  detrusors  are  weakened  from  any  cause. 
In  atony,  for  instance,  while  the  sphincters  may  not  actually  have  gained 
any  strength  through  the  establishment  of  that  condition,  they  offer 
sufficient  resistance  to  the  now  weakened  detrusors  to  interfere  with  the 
discharge  of  their  function;  a  certain  amount  of  urine  is  left  over  after 
each  urination.  The  insertion  of  a  catheter  removes  the  effect  of  the 
sphincters,  opens  the  outlet  completely,  and  restores  the  original  balance 
between  the  two  opposing  systems;  the  detrusors  demonstrate  their 
remaining,  if  weakened,  power  and  readily  empty  the  bladder. 

These  muscular  systems  must  be  well  balanced,  therefore,  to  maintain 
the  normal  filling  and  emptying  of  the  bladder. 

Impairment  of  coordination  between  the  two  systems  results  from 
local  or  central  influences,  acute  or  chronic  conditions.  Thus,  retention 
may  be  derived  from  (1)  mechanical  obstruction  to  the  outflow  of  urine; 
(2)  nervous  affections ;  (3)  infections ;  (4)  habits  or  circumstances  affecting 
the  individual.  Etiology  has  such  an  important  bearing  in  furnishing  a  clear 
insight  into  the  subject  under  discussion  that  it  has  been  deemed  desirable 
to  introduce  the  following  schema.tic  classification  as  to  caustion : 

CLASSIFICATION  OF  CAUSES  OF  RETENTION  AND  ATONY. 

Narrow  meatus. 

Stricture. 

Imperforate  urethra. 

Calculus. 

Calculus. 

Prostatic  hypertrophy. 

Contracture  at  neck. 

Bar. 

Tumor. 
SpAsm   of  spfiincters    (interference   with 

inhibition). 
Hysteria;     shock;     post-operative     and 

traumatic  neurosis. 
Masturbators  and  nymphomaniacs. 
Organic  nerve  degenerations:  tabes,  paral- 
yses, scleroses,  inflammations;  trauma,, 
hemorrhage,  tumor,  gumma,  abscess. 
Sudden  chilling  of  body. 
Interstitial  C3^stitis,  acute  or  chronic. 
Bacteriuria  of  girls. 

Voluntary  or  accidental. 
Retention  of  clerks,  teachers,  etc. 

Mechanical  obstruction  may  affect  any  part  of  the  urethra  (narrow 
meatus,  stricture  of  the  urethra)  or  the  vesical  neck.    A  stone  lodged 
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(1)  Mechanical  ob- 
struction 


Urethra 


.  Vesical  neck 


(2)  Nerve  disturb- 
ances 


(3)  Infection 
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within  the  vesical  outlet,  a  pedunculated  tumor  or  prostatic  outgrowth 
may  produce  the  plugging  that  effects  obstruction  and  retention.  Con- 
tracture of  the  vesical  neck  and  prostatic  bar  produce  obstruction  in  a 
manner  slightly  different  from  the  above.  They  result  in  "prostatism 
without  enlargement  of  the  prostate." 

The  nervous  influences  that  bring  about  retention  are  multitudinous. 
They  embrace  both  local  and  central  affections,  both  transient  and 
irremediable. 

Sphincteric  spasm,  "  stammering  of  the  bladder,'^  in  which  the  patient 
urinates  only  in  a  series  of  interrupted  efforts,  is  one  of  the  conditions  in 
this  category,  especially  troublesome  when  the  patient  is  excited  or 
attempting  to  hasten  urination  while  in  the  presence  of  others.  In  such 
a  case  a  full-sized  sound  passes  easily  through  urethra  and  vesical  neck, 
demonstrating  the  absence  of  mechanical  obstruction  at  any  point  and 
at  the  same  time  affording  prompt  relief  to  the  spasm.  The  fixed  ideas 
of  hysteria,  post-operative  and  puerperal  disturbances,  nervous  shocks, 
traumatic  neuroses,  all  contribute  to  vesical  retention,  often  complete 
and  obstinate.  Female  masturliators  and  nymphomaniacs  acquire  the 
retention  habit  through  their  desire  for  personal  manipulation  (catheter- 
ism)  at  the  hands  of  physicians.^' 

Organic  nervous  diseases  furnish  the  largest  quota  of  causes  for  this 
condition.  Among  such  may  be  mentioned  the  several  forms  of  sclerosis 
and  inflammation  of  the  spinal  cord  and  its  membranes,  the  effect  of 
trauma,  abscess,  hemorrhage,  gumma  or  tumor  of  the  cord,  producing 
paralysis  of  the  detrusors.  One  of  my  own  adult  male  patients  suffered 
from  spina  bifida,  the  size  of  a  walnut.  He  failed  to  wear  a  protector 
for  it  and  was  subjected  to  jolts  and  contusions  during  his  earlier  life 
that,  as  explained  by  W.  W.  Graves,  in  consultation,  resulted  in  neuritis 
involving  the  vesicospinal  center.  This  led  to  obtunding  of  the  sensi- 
bility of  the  nerve  filaments  at  the  periphery  (vesical  neck) ;  thereafter, 
desire  to  urinate  was  not  aroused  promptly  on  the  filling  of  the  bladder, 
so  that  frequent  overstretching  ensued.  Following  on  the  persistent 
recurrence  of  the  overstretching  came  atony  and  tolerance  and  chronic 
retention,  with  total  inability  for  voluntary  urination.  While  there  was 
complete  and  lasting  retention  in  this  case,  there  was  no  organic  impedi- 
ment at  any  point,  and  the  only  factor  that  could  be  discovered  as  having 
a  bearing  was  the  spina  bifida.  There  were  other  stigmata  of  neural 
degenerations  present. 

Cystitis,  acute  or  chronic,  sometimes  induces  retention  (Layton*'); 
but  a  condition  that  is  sometimes  more  startling  in  its  effects,  and  not  so 
easily  explained,  is  the  complete  retention  of  young  girls,  occurring  in 
connection  with  bacteriuria.  Cystoscopic  examination  demonstrates 
the  complete  absence  of  inflammatory  changes  or  obstructive  deposits; 
so  that,  while  the  bacterial  infection  is  shown  to  be  the  causative  factor, 
and  indicates  the  direction  of  attack  to  secure  relief,  it  is  probably 
through  nervous  influences  that  the  retention  is  brought  about. 

Marked  retention  and  even  atony,  to  a  degree,  are  sometimes  derived 
from  the  habit  of  teachers,  clerks,  or  over-bashful  youn^^  persons  to  pro- 
<;rastinate  in  the  matter  of  relieving  the  filled  bladder.     One  or  two 
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repetitions  of  this  indiscretion  may  not  produce  serious  effects,  but  it  is 
indubitable  that  repeated  imposition  of  this  sort  on  the  bladder  does 
serious  damage. 

Symptoms. — Retention  is  often  insidious  in  its  onset;  it  may  be 
present  for  months  before  the  patient  or  his  medical  attendant  realizes 
or  even  suspects  it.  While  it  is  a  condition  easily  demonstrable  by  the 
use  of  the  catheter,  no  thought  of  any  such  necessity  presents  itself;  and 
the  "  treatment,''  meantime,  consists  in  a  varied  assortment  of  diuretics 
and  corn-silk  preparations. 

The  complaints  of  the  patient  refer  mainly  to  fullness  or  heaviness  in 
the  lower  abdomen,  frequent  desire  to  urinate,  with  inabiUty  to  satisfy 
that  desire,  and  a  sensation  as  of  something  being  left  over  each  time; 
prolonged  or  interrupted  efforts  at  urination;  and,  finally,  complete 
inability  to  urinate.  Then  appear  the  evident  signs  of  the  condition, 
as  well:  Distention  and  protrusion  of  the  lower  abdomen,  globular  in 
shape  and  fiat  on  percussion.  Catheterization  gives  inmiediate  relief 
to  the  complaint,  reduces  the  tumor,  and  withdraws  an  inordinate  amount 
of  urine  (20  to  40  ounces),  establishing  the  diagnosis  of  retention.  The 
presence  or  absence  of  atony  is  determined  by  the  same  means — by  the 
energy  of  the  return-flow  of  fluid  injected  into  the  bladder  through  the 
same  catheter.  The  emphasis  of  the  complaint  made  by  the  patient 
depends  largely  on  whether  infection  of  the  urine  has  yet  occurred — and 
it  is  almost  certain  to  occur  sooner  or  later;  after  which  the  irritative 
symptoms  are  much  increased. 

There  is  sometimes  confusion  in  the  use  of  the  terms  paralysis  of  the 
bladder  and  atony.  They  indicate  quite  different  conditions.  In  paraly- 
sis the  inability  to  urinate  depends  on  disease  of  the  motor  nerve-tracks 
leading  to  the  bladder;  in  atony  it  is  due  to  weakening  or  degeneration 
of  the  muscles  themselves,  the  nerv^ous  mechanism  not  being  affected 
(Casper***).  "Paralysis  of  the  bladder"  is  often  used  ambiguously.  It 
requires  further  definition  as  to  whether  the  paralysis  affect  the  sphincters 
or  the  detrusors.  If  the  former,  there  is  leakage  or  incontinence;  if  it 
affect  the  detrusors,  there  is  retention.  If  both  systems  are  paralyzed, 
incontinence  from  overflow  will  ensue. 

Treatment. — It  is  apparent  that  the  treatment  of  retention  and  atony 
depends  largely  on  the  causative  factor.  With  the  removal  of  the  mechani- 
cal obstruction,  the  infection,  or  the  neurosis  that  has  been  present,  there 
is  usually  recover}^  not  only  from  the  habit  of  retention  but  also  restora- 
tion of  the  contractility  of  the  detrusors,  with  removal  of  the  atony. 
But  the  organic  nerve  diseases  do  not  offer  as  hopeful  a  prospect  in  this 
light;  they  are  not  amenable  to  treatment  to  the  degree  of  the  other 
causative  conditions.  Nevertheless,  it  must  not  be  thought  that  ret-ention 
and  atony  are  beyond  all  chance  of  reclaim  under  such  circumstances. 
The  regular  passage  of  full-sized  sounds  or  the  use  of  the  deep  urethral 
dilator,  together  with  intravesical  irrigations  with  tonic  antiseptic  solu- 
tions, will  in  many  instances  restore  to  usefulness  and  a  fair  degree  of 
ability  tabetic  bladders  that  have  been  chronically  burdened  with  from 
20  to  40  ounces  of  infected  residual  urine. 
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For  the  other  classes  of  retention,  in  addition  to  the  removal  of  the 
cause  of  whatever  nature,  there  are  certain  measures  advantageous  for 
restoring  the  atonic  condition  after  the  retention  has  been  effectually 
done  away  with:  Faradization  of  the  bladder  muscles,  one  electrode 
within  the  bladder;  vibrator}'  and  other  forms  of  massage,  applied  directly 
and  also  to  the  spinal  cord;  the  use  of  strj'chnin  in  large  doses,  hypo- 
dermically  or  internally;  intravesical  injections  of  rather  strong  nitrate 
of  silver  solutions  (1 :  5000  to  1 :1000) ;  the  regular  use  of  the  catheter 
for  completely  emptying  the  bladder,  or  even  the  retention  of  the  soft- 
rubber  catheter  in  the  bladder  for  a  time,  to  free  it  from  any  possibility 
of  becoming  distended — are  all  measures  of  excellent  advantage. 

Enuresis. — Enuresis  or  incontinence  of  urine  is  of  frequent  occurrence 
and  is  practically  confined  to  children,  affecting  both  sexes.  Enuresis 
noctuma  is  the  commoner  manifestation,  but  diurnal  enuresis  also  occurs. 
It  is  not  a  disease,  but  a  symptom. 

Incontinence  is  a  natural  phenomenon  in  infancy.  The  infant  has  no 
discretion  in  the  premises;  the  detrusors  take  charge  of  the  function  of 
urination  by  simply  overpowering  the  little  sphincter  resistance  in  evi- 
dence at  that  time,  and  forcibly  empty  the  bladder  when  it  fills.  Later, 
the  sphincter  comes  into  strength  and  serves  under  intelligent  control 
of  the  child.  This  is  the  voluntary,  external  sphincter  for  the  bladder. 
Not  until  puberty  does  the  prostate  take  on  the  development  that  brings 
into  play  the  internal  or  prostatic  sphincter.  Hence  it  is  that  many  male 
cases  of  enuresis  that  have  been  inveterate  cease  without  apparent  cause 
about  this  period  of  life.  There  are  then  two  sphincters  instead  of  the 
one  previously  in  force. 

But  this  does  not  explain  the  lack  of  retentive  power  in  little  girls. 
Whatever  the  explanation,  it  is  probably  excitability  of  the  detrusor 
muscles  of  the  bladder,  aroused  by  various  influences,  that  is  the  imme- 
diate cause  of  the  nightly  evacuation.  These  causative  influences  are 
multifarious  and  embrace,  besides  a  neurotic  disposition,  many  morbid 
conditions  in  either  sex  that  act  by  reflected  irritation  from  points  in 
intimate  nervous  relationship  with  the  bladder  or  the  vesicospinal  center. 
Among  such  morbid  conditions  may  be  mentioned  phimosis;  adhesions 
between  prepuce  and  glans  penis  or  clitoridis;  narrow  meatus;  intestinal 
worms  and  other  irritants  of  the  lower  bowel. 

Treatment. — Appropriate  treatment  usually  brings  success.  Natur- 
ally, it  involves  search  for  and  removal  of  the  cause;  in  addition  to  which 
attention  to  the  general  health  and  hygienic  regulations  must  be  given. 
Such  children  should  be  cared  for  especially  before  bedtime.  They 
should  be  given  a  light  supper,  with  little  or  no  water  toward  evening. 
They  are  reminded  to  empty  the  bladder  before  retiring,  and  to  pay 
prompt  heed  to  any  desire  to  urinate  in  the  night — to  arise  at  once  and 
use  the  vessel;  also  to  cultivate  a  habit  of  arising  for  this  purpose.  The 
covering  should  be  light;  the  bed  should  be  elevated  at  the  foot,  relieving 
the  pressure  from  the  lower  part  of  the  body.  Medication  applicable 
includes  rhus  aromatica,  belladonna,  and  arsenic,  all  in  full  doses.  Farad- 
ism  and  galvanism  may  be  applied  through  the  rectum,  bladder,  and 
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perineum.  Deep  urethral  injections  of  silver  nitrate,  J  to  1  grain  to  the 
ounce,  are  serviceable;  likewise  in  rare  cases  the  passage  of  increasing 
sizes  of  steel  sounds  at  intervals. 

Epidural  injections  of  saline  solution  were  introduced  in  1901,  by 
Cathelin,  for  remedying  incontinence  and  frequency  of  urination.     They 


Fig.  178.— Patient  in  Position;  Needle  Beinq  Introduced  (Hirech). 

have  been  highly  praised  for  their  efficiency  by  many  authors.  The 
method  of  use  is  as  follows:  The  patient  is  bent  sharply  forward  as  he 
lies  on  his  side  on  the  table  (Fig.  178).     After  the  usual  precautions  of 


Fio.  179.— Introducing  the  Needle  (Hirech). 

cleanliness  and  asepsis  have  been  observed,  a  hollow  needle  6  centimeters 
long  is  introduced  through  the  sacral  hiatus  (Fig.  179)  into  the  spinal 
canal.  It  thus  reaches  the  space  between  the  periosteum  lining  the  canal 
and  the  dura  mater  of  the  cord — w^ell  below  the  filum  terminale  of  the 
cord,  which  does  not  descend  lower  than  the  second  sacral  vertebra.     In 
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introducing  the  needle,  a  circular  motion  is  to  be  executed,  as  shown  in 
Fig.  179.    The  formula  recommended  is  the  following: 

Sodii  chloridi 0.2    Gm.  (3}  grains) 

Cocain  hyrdochlorid 0.01  Gm.  (  }  grain) 

Aquse  destil.  steril 100.0    Gm.  (3|  ounces) 

It  is  proper  to  begin  the  series  of  injections  with  one  of  10  c.c.  (2 
drams)  of  the  above,  gradually  increasing  up  to  20  c.c.  (4  drams) ;  making 
each  injection  slowly  and  gradually,  to  avoid  systemic  disturbance. 
From  five  to  ten  are  given  in  series,  three  to  five  days  apart.  In  a  highly 
excitable  child  a  moderate  d^ree  of  chloroform  anesthesia  may  be  sup- 
pUed.*' 

URETHRAL  OR  CATHETER  SHOCK  AND  FEVER. 

Excluding  from  present  consideration  the  conditions  properly  termed 
urinary  fever,  discussed  in  another  chapter,  and  confining  our  attention 
to  the  results  of  urethral  or  vesical  instrumentation,  it  may  be  said 
that  disturbances  arising  therefrom  manifest  themselves  in  three  ways: 

1.  By  shock  to  the  nervous  oiiganism,  shown  ordinarily  by  chill, 
with  or  without  fever;  properly  termed  urethral  shock. 

2.  Urethral  chill,  fever,  and  toxemia,  arising  directly  from  the  absorp- 
tion of  septic  bacteria  or  their  products  from  the  urethra. 

3.  Shock  to  the  kidneys,  resulting  in  the  suppression  of  urine  and 
retention  of  the  various  urinary  excreta — ^uremia. 

The  first  is  independent  of  the  presence  or  absence  of  urinary  infection 
or  of  bacterial  absorption,  and  appears  to  be  purely  a  nervous  phenomenon 
occurring  in  a  nervous,  susceptible  individual.  The  other  two  are  in- 
separably connected  with  the  absorption  of  either  pathogenic  microbes 
or  their  products;  such  absorption  coming,  in  certain  instances,  from 
infected  urine,  in  others  being  independent  of  urinary  complication. 

Etiology. — Although  the  term  "catheter  fever"  is  used  synony- 
mously in  this  connection,  it  is  nevertheless  true  that  such  morbid  phe- 
nomena occur  without  urethral  instrumentation;  that  recurrent  chills 
and  fever  arise  in  connection  with  inflamed  and  obstructed  urethras 
before  needed  instrumentation  is  begun.  "Catheter  fever"  is  inappro- 
priate to  designate  such  cases. 

The  absorption  of  bacteria  or  their  products  is  most  easily  effected 
when  accompanying  conditions  are  favorable;  when  the  urethra  is  stric- 
tured  and  the  subject  of  chronic  inflammatory  processes  that  both  decrease 
the  power  of  resistance  and  increase  the  pressure  of  the  urine  which  favors 
absorption;  all  of  which  at  the  same  time  favors  the  growth  of  bacteria 
and  their  products.  The  more  deeply  seated  the  urethral  lesion,  the 
greater  is  the  liability  to  absorption  and  systemic  reaction. 

It  is  well  established  that  extensive  urethral  manipulation  may  be 
carried  out  with  impunity  provided  free  drainage  of  the  urethra  is  main- 
tained; for  instance,  by  adding  external  urethrotomy  and  perineal 
drainage  to  operative  procedures  on  the  urethra.  Under  such  circum- 
stances it  is  rare  to  observe  urethral  chills  or  fever,  especially  if  ordinary 
precautions  as  to  asepsis  are  taken;   while,  on  the  other  hand,  internal 
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urethrotomy  or  soundings  unaccompanied  by  drainage  are  much  more 
frequently  followed  by  such  reactions. 

However,  this  factor  of  absorption  cannot  account  for  the  purely 
nervous  form,  urethral  shock,  which  often  shows  itself  immediately  after 
the  instrumentation  and  before  sufficient  time  for  the  establishment  of 
bacterial  absorption  and  its  effects.  Overpowering  impression  on  the 
susceptible  nervous  system — shock,  whatever  that  may  be — alone  can 
account  for  these. 

Symptomatology. — Urethral  shock  or  chill  may  be  of  mild  or  of 
fulminating  type;  so  slight  as  to  be  evidenced  by  chill  only,  without 
subsequent  fever,  or  so  severe  as  to  kill  the  patient  within  a  few  hours. 
And  the  accompanying  conditions  do  not  form  an  accurate  guide  either 
for  anticipating  such  an  occurrence  or  for  prognosticating  its  severity 
or  outcome.  In  certain  instances  the  passage  of  a  smooth  steel  sound 
which  occasions  little  or  no  actual  pain,  in  an  individual  with  uninfected 
urine,  is  followed  by  prolonged  rigor  and  ensuing  high  temperature  (103® 
to  105®  F.)  and  profuse  sweating,  with  severe  prostration;  while  in 
another  instance  rude  or  severe  operative  measures  may  give  rise  to  no 
such  consequences. 

The  paroxysm  may  be  single  and  more  or  less  transient,  the  subse- 
quent twenty-four  hours  finding  the  patient  restored  to  his  previous 
condition,  or  it  may  be  recurrent  and  merge  into  a  condition  of  sepsis 
that  reduces  his  health,  strength,  and  weight.  Uremic  evidences  may 
be  added  to  these,  indicating  the  manifestations  of  the  third  variety, 
ushered  in  by  anuria,  uremic  odor  from  breath  and  skin,  hebetude  and 
coma,  with  continued  high  temperature. 

Treatment. — ^Whatever  may  be  the  theoretic  and  pathologic  differ- 
ences between  the  several  modes  of  origin  and  production  of  these  clinical 
phenomena,  the  one  fundamental  observation  of  inestimable  value  that 
has  been  made  by  modem  investigations  is  that  they  are  almost  invariably 
preventable  by  appropriate  measures.  If  the  high-tension,  apprehensive 
nervous  element  so  predominates  in  a  patient  as  to  render  urethral  shock 
in  connection  with  proposed  urethral  instrumentation  a  probability, 
it  may  almost  certainly  be  prevented  by  preparatory  measures — by  slow 
progress  in  applying  the  respective  measures,  by  securing  freedom  from 
anxiety  and  pain  through  ample  local  anesthesia.  Fear,  anxiety,  and 
pain  are  strong  contributing  factors  in  the  production  of  urethral  shock; 
so  that  the  gradual  education  of  the  patient  and  his  urethra  to  the  point 
of  tolerance  of  instrumentation  is  a  means  of  prophylaxis  of  no  mean  value. 

Since  absorption  of  bacteria  or  their  products  is  the  essential  factor 
in  the  other  two  forms,  that  must  be  the  point  of  therapeutic  attack, 
both  for  prophylaxis  and  relief.  Prevention  of  such  absorption  may  be 
accomplished  in  three  ways:  (1)  By  neutralizing  the  injurious  elements 
before  their  absorption,  i.  6.,  rendering  them  innocuous,  by  either  internal 
or  local  antisepsis ;  (2)  by  washing  them  out  of  an  involved  urethra,  before 
and  after  instrumentation;  (3)  by  securing  complete  and  effective  drain- 
age of^the  urethra. 

Internal  antisepsis  is  furthered  by  the  administration  of  urotropin, 
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cystogen  (the  several  formaldehyd  products),  salol,  salophen,  salicylate 
of  soda,  benzosol,  quinin.  Digitalis  is  strongly  supportive  and  stimulating 
to  the  kidneys.  Local  antisepsis  and  asepsis  are  best  secured  by  copious 
and  frequently  repeated  irrigations  of  the  whole  urethrovesical  tract  with 
solutions  of  the  citrate  or  nitrate  of  silver,  argyrol,  boric  acid,  sodium 
chlorid  (neglected  but  efficient),  salicylic  acid,  or  potassium  permanganate. 

It  is  ordinarily  better  to  make  the  irrigations  by  the  Janet  method, 
by  hydrostatic  pressure  from  the  meatus,  rather  than  by  introducing  the 
catheter.  In  this  way  the  urethra  receives  a  double  irrigation  under 
pressure,  permitting  the  postponement  of  the  introduction  of  any  instru- 
ment until  sufficient  preparation  has  paved  the  way  to  tolerance. 

Where  urinary  obstruction  and  retention  are  prominent  it  may  be 
desirable  to  introduce  a  soft-rubber  catheter  of  good  size  and  retain  it  in 
urethra  and  bladder  for  several  days,  by  means  of  zinc  oxid  adhesive 
plaster.*  Still  more  thorough  drainage,  required  in  some  cases  of  ex- 
treme debility  or  in  which  it  is  impossible  to  introduce  a  catheter,  is 
attained  by  perineal  incision  and  the  introduction  of  a  large  double 
drainage-tube,  or  two  rubber  catheters  tied  together,  furnishing  the 
channel  for  continuous  in-and-out  flow  of  saline  solution.  This  plan  is 
of  inestimable  value  in  tiding  a  depleted  and  septic  patient  over  a  critical 
period  in  the  presence  of  vesical  stone  or  prostatic  obstruction,  in  which 
it  is  desired  to  accomplish  the  radical  operation  by  stages,  such  drainage 
being  the  first  and  preparatory  stage.  It  at  times  reclaims  patients 
who  appear  to  be  on  the  verge  of  dissolution. 

The  routine  practice  of  following  all  urethral  manipulations  with 
antiseptic  irrigations  is  highly  commendable.  Few  surgeons  of  long 
experience  have  failed  to  note  the  gratifying  decrease  in  "  urethral  chills" 
that  has  occurred  in  their  work  after  the  adoption  of  this  plan. 

It  goes  without  saying  that  infection  must  not  be  contributed  to 
urethras  by  unclean  catheters  or  sounds. 

CYSTUISt    INFLAMMATION  OF  THE  BLADDER. 

With  the  premise  conceded,  that  inflammation  of  an  organ  is  invariably 
caused  by  microbic  invasion  of  that  organ,t  the  modem  interpretation 
of  the  stetus  of  cystitis  in  pathology  is  readily  understood.  That  is: 
All  cases  of  cystitis  are  caused  by  bacterial  infection;  and  all  other 
factors  that  have  a  bearing  on  the  etiology  do  so  from  the  standpoint 
of  predisposing  cause  only.  This  presupposes  a  distinction  between 
irritative  symptoms  mimicking  cystitis  (as  in  a  transient  irritation)  and 
actual  inflammation  of  the  bladder. 

With  this  understood,  the  causes  of  cystitis  may  be  classified  as  pre- 

♦  This  mode  of  retaining  a  catheter  is  less  complicated  and  more  efficient  than 
by  means  of  any  of  the  apparatus  devised  for  the  purpose.  It  consists  in  running 
strips  of  the  plaster  from  each  side  of  the  penis  down  onto  and  around  the  catheter, 
afterward  reinforcing  these  with  others  encircling  the  penis.  The  latter  must  be 
wide  enough  not  to  constrict  or  interfere  with  the  circulation. 

t  In  Vol.  I,  p.  185,  Adami  says  that  micro-organisms  are  the  direct  cause  of 
inflammation  in  the  majority  of  cases.  "With  rare  exceptions  they  form  the  direct 
cause  of  all  the  serious  cases  of  inflammation  in  which  surgical  intervention  is  de- 
manded." 
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disposing  and  exciting,  the  latter  being  the  various  kinds  of  bacteria 
that  furnish  the  infection;  the  fonner  being  the  several  conditions  and 
influences  that  contribute  to  the  establishment  and  growth  of  the  organ- 
isms in  the  bladder. 

Predisposing  Causes. — The  most  frequent  of  all  predisposing 
causes  is  retention  of  urine.  This  furnishes  the  condition  par  excellence, 
as  Guyon  has  pointed  out,  inviting  the  settlement  and  propagation  of 
microbes  in  the  bladder,  and  conducing  to  their  pathogenic  activity  after 
they  are  established  in  this  most  favorable  habitat. 

It  has  been  experimentally  demonstrated  that  microbes  thrown  into 
bladders  free  from  obstruction  or  retention  are  readily  washed  out  in  the 
course  of  regular  luination,  and  no  infection  results;  while  if  the  same 
bladders  be  subjected  to  the  same  treatment,  with  the  additional  pro- 
vision of  obstruction  to  the  escape  of  urine  from  them,  effected  in  any 
manner,  they  promptly  undergo  infection  and  respond  to  the  usual 
course  of  such  infections. 

Retention  is  an  attendant  on  many  of  the  predisposing  causes;  it 
is  often  induced  by  the  presence  of  vesical  stone,  vesical  tumor,  prostatic 
hypertrophy,  and  in  each  instance  exercises  its  malign  influence  in  inviting 
the  infection  that  establishes  the  inflammation. 

Foreign  bodies  likewise  contribute  to  the  setting  up  of  infection  by 
inducing  a  locus  minoris  resistentice,  where  microbes  find  fertile  soil  for  their 
establishment  and  propagation.  This  condition  is  arrived  at  through 
disturbances  of  circulation  and  nutrition.  Similar  localized  depleting 
influences  come  from  changes  in  the  urine  that  render  it  injurious  to  the 
vesical  membrane,  through  hyperacidity  or  alkalinity;  and  morbid 
chemical,  thermal,  and  toxic  influences  contribute  to  the  same  end. 
Cystitis  from  "taking  cold"  can  only  be  interpreted  in  this  light  as  a 
possible  cause. 

Exciting  Causes. — These  are  constituted  by  the  several  varieties 
of  bacteria  that  attack  the  walls  of  the  bladder,  and  it  has  been  determined 
that  all  microbes  that  possess  pyogenic  properties  must  be  included. 

Modes  of  Entrance.— While,  without  doubt,  the  most  frequent  of 
all  these  is  the  introduction  of  the  organisms  in  the  course  of  instrumenta- 
tion, whether  carried  into  the  bladder  on  an  infected  instrument  or  from 
an  infected  urethra  by  a  clean  instrument,  there  are  other  ways  by  which 
the  same  result  is  accomplished.  These  include  descending  invasion 
from  ureters  and  kidneys  (either  by  continuity  of  surface  or  by  the  urinary 
stream),  ascending  invasion  from  urethra,  prostate,  epididymes,  vasa 
deferentia,  or  vesiculae  seminales  (continuity  or  contiguity),  or  solely 
by  contiguity,  from  adjacent  infected  organs,  such  as  pus  tubes,  the  colon 
or  rectum."*' •* 

These  numerous  avenues  of  contagion  speak  volumes  in  explanation 
of  the  proneness  to  recur  of  cases  of  bacteriuria  and  other  sequences  of 
colon  bacillary  infection. 

The  healthy  urethra  is  the  customary  habitat  of  several  varieties  of 
bacteria;  Lustgarten  and  Mannaberg,^*  in  examining  eight  supposedly 
healthy  urethras,  found  ten  varieties,  several  of  which  were  deter- 
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mined  to  be  capable  of  producing  cystitis.  This  fact  explains  the  im- 
possibilty  of  rendering  the  urethra  wholly  sterile  or  of  attaining  absolute 
immunity  in  urethral  and  vesical  instrumentation,  by  present  methods 
of  preparation. 

That  the  urine,  though  macroscopically  clear  and  limpid,  may  be  the 
vehicle  for  carrying  infective  organisms  into  the  bladder,  is  proved  by 
the  numerous  instances  in  which  such  urine  has  been  found  to  contain 
typhoid  baciUi,**  and  cases  of  cystitis  in  which  this  bacillus  was  the  only 
one  demonstrable  are  also  on  record.*®  The  urine  has  performed  the 
same  office  for  other  kinds  of  organisms  as  well. 

While  it  is  true  that  practically  all  pyogenic  bacteria  have  been  identi- 
fied as  causative  of  cystitis,  certain  ones  are  more  prevalent  in  that  light, 
notably  the  colon  bacillus.  This  is  the  instigator  of  the  great  majority 
of  all  non-tuberculous  cases  of  cystitis;  while  it  is  also  the  principal  pyo- 
genic factor  in  most  of  the  cases  of  mixed  infection  and  of  tuberculous 
infection.  Staphylococci  and  streptococci  are  next  most  frequent. 
Gonococci  have  had  a  reputation  in  this  regard  that  is  not  borne  out  by 
the  facts.  Their  ability  to  invade  the  bladder  is  usually  limited  to  the 
neck  of  the  organ.  The  invasion  of  the  bladder  that  follows  urethral 
gonorrhea  is  of  the  mixed  variety,  the  gonococci  paving  the  way  for  the 
entrance  of  the  other  organisms  that  involve  the  bladder  in  inflammation. 
In  passing  from  the  posterior  urethra  to  the  ureters  and  pelves  of  the 
kidneys,  the  transition  of  gonococci  is  made  through  the  submucous  lymph- 
channels  rather  than  via  continuity,  along  the  vesical  mucous  membrane. 

Classification. — Cystitis  may  be  classified  according  to  (o)  the 
anatomic  location;  (6)  the  clinical  manifestation;  (c)  the  pathologic 
process. 

With  regard  to  its  anatomic  location  it  may  be  subdivided  into:  (1) 
superficial;  (2)  interstitial;  (3)  perivesical  inflammation. 

The  least  severe  of  these  is  the  first-named,  sometimes  also  called 
catarrhal.  It  displays  a  predilection  for  attacking  the  neck,  the  trigone, 
and  the  membrane  in  the  immediate  neighborhood  of  the  ureteral  orifices. 
It  requires  a  somewhat  aggressive  attack  to  generalize  this  variety;  and 
in  such  instances  it  is  liable  to  merge  into  the  second-named,  or  inter- 
stitial cystitis.  Under  such  circumstances  the  structure  of  the  bladder- 
wall  is  involved,  in  addition  to  the  mucous  membrane;  and  there  are 
swelling  and  thickening  of  the  affected  parts,  with  contraction  of  the 
vesical  capacity,  sometimes  to  such  a  degree  that  the  organ  is  able  to  hold 
only  an  ounce  or  two  of  urine. 

In  both  of  these  forms  the  inner  aspects  of  the  bladder  become  changed. 
The  normal  salmon-pink  of  the  membrane,  especially  at  the  trigone  and 
the  neck,  gives  place  to  diffuse  redness;  the  blood-vessels  are  no  longer 
discrete  and  separable  into  their  several  twigs  and  branches,  but  are 
swallowed  up  in  the  diffusely  reddened,  edematous,  and  often  ecchymotic 
areas.  The  membrane  loses  its  glistening  luster  and  becomes  rough  or 
velvety  in  appearance.    The  folds  of  the  mucosa  become  prominent. 

In  the  third  form,  or  perivesical  inflammation,  the  connective  tissues 
adjacent  to  the  organ  and  also  its  peritoneal  covering  are  the  parts 


310  SURGERY  OF  THE  BLADDER. 

involved.  The  peritxjneal  implication  results  from  extension  of  a  similar 
process  from  some  neighboring  oi^an,  the  uterus,  tubes,  ovaries,  or 
appendix.  The  loose  connective  tissues  of  the  prevesical  space  (of 
Retzius)  are  the  most  common  focus  for  the  development  of  pericystitis, 
a  frequent  outcome  of  which  is  prevesical  abscess. 

Clinically,  cystitis  is  divisible  into  acute  and  chronic  forms.  Based 
on  the  character  of  the  inflammatory  process,  it  is  divisible  pathologically 
into  (a)  catarrhal;  (b)  suppurative;  (c)  ulcerative;  (d)  exudative;  (e) 
exfoliative  cystitis  (Senn*""). 

The  immediate  effect  of  microbic  attack  on  the  bladder-structures 
varies  according  to  the  variety  of  the  causal  microbes,  the  virulence  of 
their  activity,  and  the  influence  of  accompanying  conditions  (obstruction, 
etc.). 

Catarrfial  Form. — This  refers  to  superficial  inflammation,  in  which 
epithelial  elements,  rather  than  pus,  are  the  principal  inflanmrntory 
product;  in  contradistinction  to  the  next,  the — 

Suppurative  Form, — In  this  there  is,  in  addition  to  the  more  superficial 
attack,  an  infiltrating  inflammation  (interstitial),  with  much  pus  in  the 
urine,  large  and  small  epithelia,  leukocytes,  and  red  cells.  Fibrinous 
patches  appear  on  the  inflamed  surface,  becoming  necrosed  if  the  urine 
remains  strongly  ammoniacal. 

Ulcerative  cystitis  refers  not  to  cases  in  which  there  is  the  addition  of 
ulceration  to  the  above-mentioned  form,  but  to  those  in  which  ulcers 
appear  at  the  outset,  possibly  singly,  as  is  indicated  by  the  term  "simple 
ulcer  of  the  bladder,''  analogous  to  ulcer  of  the  stomach.  Fen  wick** 
reports  having  seen  several  such  cases.  While  the  symptoms  may  not 
be  severe  in  this  form,  they  are  inclined  to  be  persistent.  The  ulcer  is 
the  result  of  an  infection  from  the  blood,  the  inflammation  attacking  the 
tissues  around  an  infected  embolic  infarct,  reaching  the  surface  by  process 
of  ulceration  (Senn*^). 

Exudative  cystitis  is  accompanied  by  the  deposition  upon  the  inflamed 
surface  of  the  products  of  coagulation  necrosis.  It  occurs  in  puerperal 
women,  and  is  then  indicated  by  the  expulsion  of  membranes  or  shreds 
of  fibrin  with  the  urine. 

Exfoliative  Cystitis, — Apparently  from  the  effect  of  toxins,  the  mu- 
cous membrane  of  the  whole  bladder  is  destroyed  and  cast  off  in  the 
form  of  a  mold,  perhaps  as  one  piece.  If  broken  up  it  may  pass  out  in 
the  urine;  but  it  may,  as  a  coherent  mass,  block  the  urethral  outlet  and 
require  extraction  at  the  hands  of  a  surgeon.  A  number  of  such  cases 
are  on  record.*^' " 

Bacteriuria. — This  is  a  condition  that  is  closely  allied  to  cystitis,  in 
that  infective  organisms  (habitually,  colon  bacilli)  infest  the  urine  to  a 
degree  of  dense  clouding,  but  without  producing  any  pathologic  changes 
in  the  bladder-walls  themselves;  in  fact,  the  bladder  participates  in  no 
other  way  than  by  acting  as  a  receptacle  for  the  infected  urine.  In 
such  cases,  the  source  of  infection  is  ordinarily  the  lower  bowel,  constipa- 
tion serving  to  precipitate  a  flood  of  colon  bacilli  into  the  bladder  directly 
through  the  intervening  tissues  at  irregular  intervals.^'  " 
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Symptomatolosy. — There  are  no  pathognomonic  symptoms  of 
cystitis,  and  differential  diagnoses  cannot  be  arrived  at  by  the  sympto- 
matology. The  prominent  symptoms  of  this  affection  also  serve  as  indica- 
tions of  other  urinary  maladies  (see  General  Remarks  on  Diagnosis, 
page  272). 

Only  one  sign,  pyuria,  is  constant;  the  others,  though  characteristic, 
are  variable.  They  are:  frequency  of  urination,  urgency,  pain,  and  hema- 
turia. 

Normal  inclination  to  urinate  is  aroused  by  the  passage  of  the  urine 
from  the  filled  bladder  into  the  prostatic  urethra,  irritating  the  mucous 
membrane  of  that  part.  This  indicates  that  it  is  irritation  of  the  prostaiic 
urethra  (which  is  the  vesical  neck,  after  the  opening  up  of  the  internal 
sphincter)  thai  causes  the  desire  to  urinate.  Inflammation  constitutes  such 
an  irritant,  but  only  if  it  is  applied  at  this  point,  the  vesical  neck;  and 
that  is  the  case,  whether  the  irritation  is  applied  directly  or  reflexly. 
Inflammation  or  ulceration  of  the  wall  of  the  bladder  does  not,  per  se, 
tend  to  arouse  frequency;  whereas  inflammation  at  the  neck  displays 
that  tendency  to  such  a  degree  that  stamps  frequency  as  one  of  the  most 
prominent  and  characteristic  indications  of  disease  at  this  point. 

Urgency,  likewise  fairly  constant  in  its  attendance  on  the  disease, 
arises  from  a  similar  cause:  the  inflammation  attacking  the  neck.  With 
the  bladder  moderately  full,  no  urgency  is  felt;  but  immediately  the  urine 
passes  into  the  prostatic  urethra  on  filling  the  bladder,  the  imperative 
impulse  to  evacuate  the  bladder  is  felt  and  there  can  be  no  hesitation  in 
giving  it  attention. 

Pain  in  connection  with  cystitis  may  be  fairly  constant  or  intermittent, 
spontaneous  or  aroused  by  pressure.  It  is  usually  more  marked  when 
the  oiigan  is  filled  with  urine,  but  if  there  is  stone,  the  pain  may  be  espe- 
cially acute  at  the  end  of  urination,  from  pressure  of  the  inflamed  mem- 
brane on  the  calculus.  Pain  is  referred  to  the  suprapubic  and  perineal 
r^ons  or  the  rectum,  and  is  sometimes  thought  to  be  in  the  bowel.  It 
is  often  associated  with  tenesmus. 

Hematuria. — With  cystitis  there  is  excitation  of  the  muscular  appa- 
ratus, both  detrusive  and  sphincteric.  When  these  act  counter  to  one 
another,  there  is  straining  of  the  detrusors  to  overcome  the  obstructive 
effect  of  the  sphincters,  the  result  being  extrusion  of  blood  from  the  con- 
gested and  inflamed  membranes.  It  appears  either  as  drops  of  blood 
after  urination  or  as  numerous  blood-cells  in  the  urine. 

Pyuria, — The  pus  of  cystitis  clouds  all  of  the  urine,  whether  it  is  taken 
in  one,  two,  or  more  glasses.  The  clouding  is  intensified  by  epithelia, 
blood-cells,  and  hordes  of  organisms  that  find  the  urine  a  fertile  soil  for 
their  growth.  The  thorough  diffusion  of  the  clouding  in  this  affection  is 
in  contrast  to  that  of  pus  from  renal  or  pelvic  inflammation.  Here  the 
pus  rapidly  settles  to  the  bottom  of  the  glass,  making  a  thick  belt  of  sedi- 
ment with  sharp  demarcation  from  the  comparatively  clear  urine  above  it. 
The  flakes  of  pus  and  mucus  of  cystitis  may  be  observed  either  by  the 
naked  eye  or  the  microscope. 

Reaction, — In  acute  cases  the  urine  may  be  either  acid  or  alkaline, 
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but  in  the  chronic  ones,  except  where  the  origin  is  tuberculous,  the  reac- 
tion is  liable  to  be  strongly  alkaUne;  and  with  continuation  of  this  con- 
dition the  urine  becomes  thick  and  ropy  with  muco-pus,  from  ammoniacal 
decomposition. 

Diagnosis* — All  of  the  above  indications  are  of  value  in  centering 
the  attention  on  the  bladder  as  the  possible  seat  of  the  trouble,  but  they 
do  not  fill  the  requirements  for  differentiation  or  for  excluding  the  renal 
pelves  or  the  ureters  from  participation  in  the  infection.  This  is  best  de- 
termined by  means  of  the  cystoscope.  While  in  some  quarters  fear  exists 
as  to  the  permissibility  of  using  this  instrument,  more  especially  in  acute 
cases,  that  view  is  not  held  so  much  by  those  who  have  cultivated  its 
use  as  by  those  to  whom  it  is  unfamiUar.  Much  valuable  time  is  lost  in 
many  instances  by  depending  on  insecure  and  inefficient  methods  of 
differentiation.  Tlie  blame  for  many  a  chronically  inflamed  or  even 
destroyed  kidney  may  well  rest  on  belated  diagnosis  and  indefinite  treat- 
ment. The  moderate  additional  pain  or  excitation  incident  to  cystos- 
copy or  ureteral  catheterization,  as  now  practised,  is  more  than  dis- 
counted by  the  therapeutic  advantage  derived  from  locating  infection 
in  one  or  both  renal  pelves  and  annihilating  it  there."* 

Cystoscopy  demonstrates  the  presence  or  absence  of  the  various  local 
changes  occurring  in  the  vesical  membrane,  and  serves  an  invaluable 
purpose  in  estimating  their  seriousness,  their  extent,  and  their  pathologic 
characteristics.  By  it  the  exact  source  of  active  vesical  hematuria  is 
determined,  or  the  possibiUty  of  stone  or  foreign  body  as  a  contributing 
factor  is  decided.  Catheterization  of  the  ureters  can  alone  be  relied  upon 
for  arriving  at  the  points  of  differentiation  with  regard  to  infection  of  the 
upper  urinary  tract;*  and  it  affords  not  only  this  advantage,  but  offers 
the  only  opportunity  for  direct  treatment  of  ureters  and  pelves  by  anti- 
septic irrigations  and  instrumental  manipulations." 

Prognosis* — Cystitis  is  so  intimately  connected  with  and  often 
dependent  upon  other  accompanying  conditions  that  its  prognosis  can 
be  estimated  only  when  these  are  given  due  consideration. 

While  vesical  stone  does  not  directly  cause  cystitis,  its  bearing,  once 
infection  is  accomplished,  is  such  that  no  hope  of  eliminating  the  infection 
can  be  entertained  until  the  stone  is  removed ;  after  which  the  problem 
of  relieving  both  infection  and  inflammation  may  be  comparatively 
simple. 

Aside  from  its  association  with  such  inveterate  conditions  as  stone, 
stricture,  prostatic  hypertrophy,  etc.,  the  prognosis  of  acute  cystitis  is 
favorable;  and  it  is  still  favorable  when  these  are  given  first  attention  in 
the  therapeutic  plan. 

In  chronic  cystitis  the  prognosis  is  not  so  good  because  of  the  secon- 
dary changes  which  the  bladder  is  Uable  to  have  undergone;  such  as 
atonic  dilatation,  atheromatous  degeneration,  or  contraction.  If  such 
changes  have  not  gone  too  far,  however,  it  is  yet  possible  to  look  for  com- 
plete recover}'  after  removal  of  the  predisposing  cause  and  annihilation 
of  the  exciting  infection. 

*  For  discussion  of  segregators,  see  page  279. 
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On  the  other  hand — and  this  is  one  of  the  most  important  points  of 
the  whole  subject — with  continuation  of  the  predisposing  causes,  such  as 
the  obstructions  mentioned,  not  only  is  the  cystitis  assured  in  respect  to 
persistence,  but  involvement  or  destruction  of  other  organs  may  be 
expected.  Infected  and  dilated  ureters,  pelves,  and  kidneys  are  constant 
and  destructive  followers  of  cystitis  in  which  retention  and  backward 
pressure  are  dominating  features;  and  they  place  such  patients  beyond 
suigical  reclaim.  The  large  number  of  "beautiful  specimens''  of  saccu- 
lated kidneys,  mere  urinary  pus-sacs,  to  be  found  in  pathologic  collections, 
furnish  mute  but  eloquent  testimony  of  opportunities  and  life  sacrificed 
on  the  altar  of  procrastination,  of  incomplete  diagnosis,  or  of  unreasoning 
fear  on  the  part  of  patients  of  the  word  "  operation." 

Treatment. — The  treatment  of  cystitis  may  be  divided  into  prophy- 
lactic and  curative;  general  and  local;  palliative  and  operative. 

Prophylactic  measures  are  to  be  adopted  when  conditions  favorable 
to  the  establishment  of  infection  are  known  to  exist.  Attention  given  to 
hygiene  and  the  general  health  will,  under  such  circumstances,  often  pre- 
vent recurrent  attacks  or  lessen  their  severity  if  unavoidable. 

Regulation  of  both  urinary  secretion  and  the  alimentary  tract  is 
highly  important.  Constipation  and  indigestion  show  their  deleterious 
influence  directly  they  occur,  and  morbid  urine,  either  in  respect  to  con- 
centration or  reaction,  has  an  equally  prompt  effect  for  injury.  Water 
should  be  taken  freely;  it  assists  in  the  functionation  of  both  these  tracts. 
Exercise  is  objectionable  and  must  be  avoided  as  far  as  possible.  Patients 
often  make  the  mistake  of  resting  for  a  time,  and  then  throw  away  the 
good  accomplished  by  it  by  lifting  some  heavy  weight  or  running  for  a 
car.  Horseback-riding  and  bicycling  are  likewise  to  be  avoided.  The 
skin  should  be  kept  active  by  baths  and  rubbings. 

Local  prophylaxis,  so  to  speak,  refers  especially  to  the  avoidance  of 
introducing  infection  into  the  bladder,  also  adopting  measures  to  protect 
the  organ  as  far  as  possible  against  such  introduction.  It  relates  to  asep- 
sis and  antisepsis  with  respect  to  the  urinary  tract,  the  use  of  sounds, 
catheters,  and  treatments.     It  is  explained  at  greater  length  elsewhere. 

Curative  treatment  is  local  and  general,  operative  and  non-operative. 
It  necessarily  presupposes  the  detection  and  removal  of  all  contributing 
or  predisposing  causes,  such  as  urethral  stricture,  stone,  prostatic  hyper- 
trophy, or  vesical  tumor.  Attempting  to  cure  cystitis  without  first 
attending  to  such  militating  conditions  is  like  the  task  of  Sisyphus,  a 
never-ending  one;  the  stone  rolls  back  again  as  soon  as  it  is  pushed  to 
the  top  of  the  hill. 

General  curative  measures  embrace  the  administration  of  the  internal 
antiseptics  of  the  salicylic  and  formaldehyd  groups:  salicylate  and 
benzoate  of  soda,  salol,  salophen,  salipyrin,  benzosol;  cystogen,  urotropin, 
helmitol;  quinin;  extract  of  couch  grass  and  of  corn-silk;  santal  oil. 
Isolated  or  in  proper  combinations,  these  are  all  excellent  remedies.  It 
must  be  observed,  however,  that  in  certain  cases  the  formaldehyds  tend 
to  irritate  the  kidneys.  When  this  effect  is  perceived  they  should  at 
once  be  withdrawn. 
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In  very  acute  or  severe  cases  the  use  of  the  narcotics  and  nerve  seda- 
tives is  extremely  serviceable.  Morphin  or  anesthesin  and  belladonna 
suppositories  afford  relief  that  is  both  prompt  and  of  curative  influence. 
Unceasing  efforts  at  urination  are  in  themselves  highly  injurious,  and 
should  be  relieved  as  soon  as  possible. 

The  diet  should  be  simple  and  light;  stimulating  foods  must  be  inter- 
dicted. These  include  spices  and  strong  seasonings,  asparagus,  radishes; 
the  red  meats  (beef,  mutton,  and  pork),  salted  meats  or  fish;  alcoholic 
drinks  and  tobacco.    The  cereals,  most  vegetables,  the  white  meats  of 


Fio.  180. — Automatic  Self-retaining  Rectal  Siphon. 

poultry  and  game,  fish,  sweetbreads,  frog  legs,  brains,  milk,  and  the 
bland  waters,  uncarbonated,  are  to  be  favored. 

Absolute  rest  in  bed  for  a  few  days  will  be  found  of  marvelous  benefit 
at  times,  and  especially  if  advantage  is  taken  of  the  opportunity  it  furn- 
ishes to  make  use  of  various  local  measures  adapted  to  the  acute  process. 
Chief  of  these  is  heat  applied  in  various  ways:  stupes  or  fomentations 
to  the  suprapubic  region  or  the  perineum;  the  hot  siphon  (Fig.  180)* 
(112°  F.)  into  the  rectum  for  fifteen  minutes  at  a  time;  and  hot  sitz-baths. 

As  a  general  rule,  in  acute  cystitis  it  is  best  not  to  resort  to  intra- 
vesical injections  or  washings  until  the  internal,  local,  and  hygienic 

♦  One  made  for  myself  is  self-retaining,  and  is  equipped  with  appropriate  bag 
and  tubes  to  make  the  use  of  it  automatic. 
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measures  have  reduced  the  severity  considerably;  after  which  it  is  proper 
gradually  to  begin  the  use  of  bladder-washes,  with  the  mildest  and  most 
soothing  of  antiseptic  solutions.  The  best  of  these  are  boric  acid,  sodium 
chlorid,  argyrol,  and  fluidextract  of  hydrastis.  Later,  the  stronger 
antiseptics  may  be  employed,  such  as  permanganate  of  potassium  (1  :  5000 
to  1  :  1000) ;  citrate  and  nitrate  of  silver  (1  :  5000  to  1  :  500) ;  oxycyanate 
of  mercury  (1  :  10,000  to  1  :  5000);  carbolic  acid  (1  :  1000). 

The  proper  execution  of  the  bladder  washing  is  of  the  first  degree  of 
importance.  All  fluids  thus  used  must  be  distinctly  warm  or  nearly  hot, 
adding  to  their  acceptability  and  effectiveness.  Instrumentation  in 
acute  cystitis  is  to  be  avoided  as  far  as  possible;  therefore  it  is  preferable 
to  introduce  the  solutions  by  hydrostatic  pressure  (the  method  of  Janet) 
and  without  the  introduction  of  a  catheter.  By  having  the  patient  re- 
laxed, in  a  reclining  posture,  the  fluid  quite  warm  and  at  only  moderate 
elevation  (two  or  three  feet),  it  is  nearly  always  possible  to  overcome 
the  natural  resistance  of  the  vesical  sphincters  and  to  pass  from  four  to 
six  ounces  of  the  solution  into  the  bladder  before  the  patient  announces 
the  feeUng  of  distention.  This  should  always  be  a  sufficient  signal  for 
stopping  the  in-flow;  to  carry  it  further  than  is  comfortable  for  the  patient 
is  to  use  bad  judgment.  It  will  only  cause  injury.  Diplomacy  is  im- 
measurably better  than  force  in  all  of  these  maneuvers. 

If  it  be  found  difiicult  to  get  relaxation  of  the  sphincters  with  moderate 
elevation,  it  is  advisable  to  inject  15  minims  of  a  2  per  cent,  solution  of 
cocain  or  alypin,  following  with  air-pressure  to  advance  it  to  the  com- 
pressor urethras  muscle  for  a  minute  or  two;  after  which  the  irrigating 
fluid  will  usually  enter  without  the  sUghtest  difficulty.  If  the  capacity 
of  the  bladder  is  much  reduced,  the  ten  or  more  ounces  may  be  intro- 
duced in  broken  doses,  two  or  three  ounces  at  a  time. 

In  chronic  cases,  or  those  in  which  there  is  marked  retention,  with 
the  collection  of  quantities  of  pus  and  mucus,  it  is  necessary  to  use  a 
catheter,  both  for  its  cleansing  effect  and  for  the  relief  of  the  retention. 
The  procedure  is  repeated  once  daily;  later,  every  second  or  third  day. 

If  the  infection  is  of  gonorrheal  origin  (mixed  infection,  as  it  then 
becomes  in  the  majority  of  cases),  it  is  not  always  advisable  to  await  the 
subsidence  of  the  acute  symptoms  before  beginning  the  irrigations. 
If  well  borne  and  containing  the  proper  medicament,  these  may  afford 
prompt  benefit  or  relief.  In  the  instance  mentioned,  two  drugs  in  parti- 
cular have  given  me  great  satisfaction — argyrol  and  permanganate  of 
potassium.  The  former  is  without  irritating  effects  and  yet  is  markedly 
germicidal;  the  permanganate  is  more  incUned  to  give  temporary  irrita- 
tion, but  its  after-effects  are  often  highly  gratifying  in  the  mixed  infec- 
tions. 

But  certain  cases  in  subsiding  from  the  acute  merge  into  a  subacute 
or  chronic  form  of  cystitis,  or  prove  rebellious  through  exacerbations  and 
recurrences.  One  of  the  most  efficacious  means  attainable  is  the  use  of 
the  soft  catheter  d  demeure,  retaining  it  in  the  bladder  by  means  of  adhe- 
sive strips,  as  described  on  page  307.  This  not  only  affords  surgical  rest 
to  the  bladder  by  constant  drainage,  but  gives  opportunity  for  frequent 
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irrigations  of  the  organ  without  successive  re-introductions  of  the  catheter, 
where  that  is  found  necessary.  The  retained  catheter  is  well  borne  in  a 
much  larger  proportion  of  cases  than  is  appreciated  by  the  profession. 
It  is  often  equally  as  serviceable  as  the  much-praised  suprapubic  or  peri- 
neal drainage,  secured  only  by  operative  measures.  If  the  retained  cathe- 
ter is  not  well  supported  it  is  sometimes  possible  to  remove  the  difficulty 
by  stretching  the  posterior  urethra  with  a  KoUmann  dilator,  up  to  38  or 
40,  French,  under  efficient  local  anesthesia. 

If  it  is  still  impossible  to  make  use  of  the  retained  catheter,  after  the 
adoption  of  this  and  other  alleviating  measures,  drainage  through  a 
perineal  incision  is  to  be  considered  reliable.  It  at  the  same  time  per- 
mits the  appUcation  of  stretching,  incision,  or  electrocauterization  to 
the  neck  of  the  bladder,  as  may  be  found  desirable. 
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Tuberculosis  of  the  bladder  is  supposed  to  occur  either  primarily  or 
secondarily,  but,  as  a  matter  of  fact,  it  is  seldom  seen  as  a  primary  affec- 
tion; it  is  so  invariably  in  association  with  tuberculosis  of  other  organs, 
and  more  especially  those  of  the  genito-urinary  system,  that  it  can  hardly 
be  studied  independently  of  them. 

The  non-absorptive  mucous  membrane  of  the  bladder  is  more  resis- 
tant to  infection  than  that  of  other  genito-urinary  organs,  which  may 
have  a  bearing  on  the  fact  that  the  vesical  infection  is  nearly  always 
secondary  to  that  of  the  other  organs.  But,  on  the  other  hand,  the  liabil- 
ity of  the  bladder  to  ultimate  infection  is  almost  assured  by  reason  of  the 
fact  that  the  bladder  stands  in  the  path  of  the  flow  of  secretions  of  the 
body — from  the  kidneys  downward ,  and  from  the  testes  upward.  If  either 
of  these  two  sources  become  involved  (as  is  frequently  the  case),  infection 
of  the  bladder  is  almost  a  natural  follower,  for  the  reason  mentioned. 

Tuberculous  infection  of  the  bladder  is  accomplished,  (1)  through  the 
blood-channels;  (2)  through  the  lymph-channels;  (3)  by  means  of  the 
secretions  (the  urine,  semen);  (4)  by  continuity;  and  (5)  by  contiguity. 

The  mode  of  accomplishing  the  infection  has  much  to  do  with  the 
location  and  early  manifestations  of  the  disease.  If  the  bacilli  are  inocu- 
lated by  way  of  the  blood-vessels,  their  seat  of  development  is  liable  to  be 
within  the  walls  of  the  bladder,  apart  from  the  trigone.  If  they  are 
carried  down  from  the  kidneys  in  the  urine  or  along  the  mucous  surfaces 
of  the  ureters,  their  point  of  election  is  apt  to  be  the  immediate  neighbor- 
hood of  the  ureteral  orifice  on  the  side  affected.  If  carried  to  the  bladder, 
either  through  the  lymph-channels  from  above,  or  from  the  testes  below, 
via  the  semen  and  prostate,  the  point  of  election  is  the  trigone.  The 
course  and  symptomatology  of  the  disease  are  much  influenced  by  these 
conditions.  Relatively,  the  trigone  and  ureteral  orifices  are  most  fre- 
quently affected  at  first;  with  subsequent  gradual  spreading  by  continuity 
and  through  the  lymphatics  to  other  parts  of  the  organ. 

The  local  evidences  depend  on  the  stage  of  the  process.  At  first  they 
may  consist  only  of  localized  congested  areas;  then  the  development  of 
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tuberculous  nodules,  which  assume  a  whitish  appearance  and  afterward 
break  down  into  small,  rounded  ulcers,  surrounded  by  inflamed  mem- 
brane. The  ulcers  show  a  tendency  to  coalesce,  yet  do  not  lose  their 
rounded  appearance  (Coplin'*).  (Plate  VII.)  The  floor  of  the  ulcer  is 
uneven  and  is  often  covered  with  a  yellowish-gray  membrane;  it  bleeds 
easily;  its  edges  are  sharply  cut  or  undermined.  The  membrane  loses  its 
luster  and  becomes  roughened  or  velvety. 

Mixed  infection  does  not  remain  long  absent  from  such  an  inviting  field ; 
and  when  it  enters,  adds  its  influence  for  diffusing  the  inflammatory  process. 

The  bladder  becomes  contracted  and  reduced  in  elasticity  and  capacity, 
unable  to  receive  or  retain  its  usual  quantity  of  urine. 

Symptoms  and  Signs. — While  it  has  not  yet  been  definitely  proved, 
it  is  my  own  belief  that  one  of  the  earUest  prodromes  of  urinary  tubercu- 
losis is  the  persistent  appearance  in  the  urine  of  red  blood-cells  in  micro- 
scopic quantity — covering  a  period  of  years,  perhaps,  before  the  disease 
reaches  a  stage  which  introduces  its  cUnical  features,  or  changes  to  a 
macroscopic  hematuria.  Bloody  urine  is  one  of  the  frequent  accompani- 
ments of  the  later  stages  of  the  affection. 

With  regard  especially  to  vesical  tuberculosis,  undue  frequency  of 
urination  may  be  said  to  be  one  of  the  most  characteristic  and  persistent 
symptoms.  This  may  become  noticeable  long  before  the  secondary 
infection  clouds  the  urine,  and  before  marked  manifestations  of  tuber- 
culosis are  observable.  The  undue  frequency  means  irritation  of  the 
vesical  neck,  either  reflexly  or  by  direct  involvement  of  that  part  of  the 
organ  in  the  tuberculous  inflammation.  Where  the  lesions  are  confined 
to  the  vault  of  the  bladder,  frequency  may  be  deferred  until  quite  late 
in  the  disease. 

Pain  in  the  bladder  and  the  neighboring  organs  is  one  of  the  most 
marked  and  characteristic  features  of  vesical  tuberculosis,  especially  of 
the  later  stages.  Few  such  patients  reach  a  lethal  end  without  becoming 
addicted  to  the  use  of  morphin.  The  pain,  sometimes  spontaneous, 
sometimes  excited  by  urination  only,  is  referred  to  the  neck,  the  perineum, 
the  urethra,  or  the  glans  penis.  It  increases  in  harmony  with  the  exposure 
of  tissues  by  spreading  ulceration  or  inflammation. 

The  urine,  before  secondary  infection,  may  be  clear  and  limpid,  in- 
creased in  quantity;  and  unless  a  searching  microscopic  investigation, 
after  sedimentation,  be  made,  it  may  afford  no  assistance  in  explaining 
the  urinary  symptoms  of  which  the  patient  complains.  This  is  the  period 
in  which  the  persistent  appearance  in  microscopic  quantities  of  red  cells 
in  the  urine  should  arouse  the  suspicion  of  impending  tuberculosis;  at 
least  it  should  put  the  practitioner  on  his  guard  and  lead  him  to  detect 
the  positive  indications  as  soon  as  they  appear. 

Later,  the  urine,  while  remaining  acid,  becomes  clouded  and  purulent 
from  secondary  infective  changes,  and  shows  shreds  and  strings  of  muco- 
pus,  and  particles  of  blood-clots.  It  also  becomes  frankly  bloody,  inter- 
mittently or  persistently. 

The  general  health  deteriorates  with  the  progress  made  by  the  local 
and  general  tuberculous  processes. 
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Diagnosis. — The  deciding  factor  for  proving  the  existence  of  tuber- 
culous cystitis  is  the  demonstration  of  tubercle  bacilli  in  the  urine,  to- 
gether with  observation  of  tuberculous  processes  (inflanunatory  or  ulcera- 
tive) in  the  bladder  by  means  of  the  cystoscope. 

While  it  would  be  farthest  from  my  own  intention  to  advocate  meddle- 
some instrumentation  in  cases  of  vesical  or  urinary  tuberculosis,  my 
experience  does  not  lead  me  to  participate  in  the  exalted  fear  of  applying 
local  measures,  either  for  diagnosis  or  treatment,  as  expressed  by  many 
writers  on  this  subject.  The  continuously  favorable  progress  of  a  number 
of  such  cases,  in  which  local  measures  have  been  repeatedly  made  use  of 
during  several  years,  has  convinced  me  that  this  danger  has  been  much 
overrated. 

Tubercle  bacilli  are  not  always  to  be  found  in  urinary  tuberculosis. 
It  requires  ulceration  at  some  point  to  release  them  and  supply  them  to 
the  urine.  But  even  then,  unless  properly  looked  for,  they  may  escape 
detection  for  an  indefinite  length  of  time.  They  should  be  looked  for 
only  in  the  freshly  passed  urine,  as  it  is  probable  that  they  decompose  on 
standing,  especially  if  the  urine  undergoes  alkaline  decomposition.  Being 
of  light  specific  gravity,  they  require  strong  sedimentation  to  drop  them 
to  the  bottom  of  the  centrifuge  tube.  Bryson  called  attention  to  the 
fact  that  they  are  more  liable  to  be  found  in  the  small  quantity  of  urine 
left  over  after  voluntary  urination,  this  last  amount  being  taken  by  a 
soft  catheter  and  immediately  sedimented. 

If  tuberculous  infection  be  suspected  but  be  incapable  of  demonstra- 
tion, the  sediment  of  the  suspected  urine  may  be  inoculated  into  a  healthy 
guinearpig,  the  result  of  which  furnishes  very  reliable  testimony  as  to  the 
infectiousness  or  non-infectiousness  of  the  urine.  Such  urine  should  be 
drawn  aseptically  from  the  bladder. 

While  the  microscopic  and  cystoscopic  demonstrations  mentioned 
establish  the  existence  of  tuberculous  cystitis,  that  does  not  comprise  all 
the  necessities  in  respect  to  diagnosis,  as  it  is  still  incumbent  on  the 
diagnostician  to  inquire  into  infection  of  other  parts  of  the  body,  and 
more  especially  of  the  kidneys,  a  matter  not  to  be  considered  here, 
however. 

Treatment* — In  addition  to  the  hygienic  influences  always  advanta- 
geous in  tuberculous  affections,  the  treatment  of  cystitis  of  this  nature 
may  be  divided  into  palliative  and  operative,  general  and  local. 

From  the  writings  of  many  authors,  it  would  seem  that  local  curative 
measures  should  receive  but  scant  attention  or  should  be  avoided,  and 
dependence  should  be  had  on  change  of  climate  and  the  use  of  general 
supportive  measures.  It  is  fortunate  that  the  cloud  of  pessimism  that 
has  dominated  this  subject  is  lifting,  and  that  the  feeling  of  helplessness 
participated  in  by  both  the  profession  and  the  people  is  being  replaced 
by  a  much  more  hopeful  one. 

It  is  true  that  the  medicinal  solutions,  such  as  nitrate  of  silver  and 
permanganate  of  potassium,  ordinarily  beneficial  in  vesical  inflammations, 
do  more  harm  than  good  here,  but  it  is  also  true  that  iodoform  emulsion, 
with  some  bland  oil  as  a  vehicle  (one  dram  to  the  ounce  of  liquid  vaselin, 
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or  oleolene),  is  not  only  soothing  to  such  a  bladder,  but  displays  marked 
curative  influence.  Such  an  emulsion  may  be  injected  through  a  small 
soft-rubber  catheter,  or  even  without  a  catheter,  by  means  of  a  four-dram 
penile  syringe,  once  daily,  two  or  three  drams  at  a  time.  It  should  be 
allowed  to  remain  as  long  as  possible  afterward;  and  the  patient  may 
be  instructed  to  refrain,  in  urinating,  from  completely  emptying  the  organ. 
Gomenol  oil,  a  preparation  of  eucalyptus  in  pure  olive  oil,  is  also  soothing 
and  beneficial  at  times.  The  occasional  use  of  boric  solution  as  an  irriga- 
tion, where  there  is  active  secondary  infection,  is  gratefully  received. 

The  internal  use  of  the  formaldehyd  group  of  medicaments  has  little 
application  in  this  association,  but  creasote  and  guaiacol,  in  full  dosage, 
act  well  occasionally.  They  may  be  used  in  conjunction  with  other 
appropriate  general  tonics.  Salol  and  the  salicylates  are  of  some  service 
where  there  is  secondary  infection.  Cod-liver  oil  is  still  much  esteemed 
by  many  when  it  is  well  borne.  Included  in  the  hygienic  influences 
advisable,  should  be  plenty  of  fresh  air,  but  avoidance  of  prolonged  or 
active  exercise;  while  abundant  nutrition  should  be  given  (see  Surgical 
Tuberculosis,  Vol.  I,  page  630). 

With  some  difiidence,  in  preliminary  notes  in  one  or  two  of  the 
journals  in  1903-04,  I  called  attention  to  some  rather  surprising 
effects  I  had  observed  in  connection  with  the  use  of  air  for  cystoscopy 
in  tuberculous  bladders.  Instead  of  the  repetition  of  air-cystoscopy 
being  followed  by  increase  of  the  symptoms  and  the  local  evidences,  in  a 
number  of  instances  it  was  followed  by  steady  improvement  in  all  respects. 
It  must  be  admitted  that  iodoform  injections  were  being  used  regularly 
during  the  same  period.  Nevertheless  injury  did  not  follow  the  manipu- 
lations, and  improvement  (even  permanent  relief,  in  certain  instances) 
did  follow  them.  The  question  is,  whether  the  air  used  in  the  bladders 
did  not  exercise  a  beneficial  influence  in  a  manner  similar  to  that  recog- 
nized for  tuberculous  peritonitis,  in  which  many  cases  are  recorded  as 
permanently  cured  by  simply  opening  the  peritoneum  and  allowing  air 
to  get  to  the  affected  membrane.  It  would  seem  to  be  a  matter  worthy 
of  further  attention,  at  least. 

Until  lately  it  has  been  the  custom  to  reserve  surgery  as  a  last  resort 
in  vesical  tuberculosis;  but  sentiment  has  been  undergoing  change  on  this 
subject  also.  In  obstinate  ulcerations  Guyon  advocates  direct  access  to 
the  parts  by  suprapubic  incision,  the  vigorous  use  of  the  curet,  and  the 
application  of  bichlorid  of  mercury  solution,  1  :  1000,  by  means  of  a  swab; 
with  subsequent  drainage,  for  a  time.  The  modem  forms  of  cystoscope 
have  afforded  less  radical  means  of  access  to  effect  the  same  purpose; 
and  Garceau*  has  reported  a  number  of  cases  in  which  he  has  derived 
excellent  results  from  the  use  through  the  cystoscope  of  direct  applications 
of  both  the  bichlorid  of  mercury  and  the  nitrate  of  silver.  General  narco- 
sis preceded  the  treatment. 

Based  on  experience  with  nephrectom}'  in  connection  with  unilateral 
tuberculous  kidney  and  secondary  vesical  tuberculosis,  removal  of  such 
a  kidney  was  advised  with  the  expectation  that  it  would  be  followed  by 
restoration  of  the  bladder  to  health;   but  later  obser\'ations  have  led 
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to  still  more  radical  conclusions:  that  even  though  both  kidneys  are  in* 
fected,  one  badly  and  the  other  slightly,  the  removal  of  the  worse  one  is 
likely  to  be  followed  by  desired  relief  to  the  bladder,  if  not  also  to  the 
other,  less  aflOiicted  kidney. 

Artificial  drainage  may  become  a  necessity  in  the  later,  ulcerative 
stages  with  unceasing  pain.  In  that  case  it  is  advisable  to  make  the 
incision  through  the  vagina,  in  the  female,  and  suprapubically  in  the  male. 


VESICAL  HEMATURIA. 

Hematuria  being  but  a  sign  of  some  disease,  the  chief  interest  pertain- 
ing to  its  study  relates  to  the  diagnosis  of  its  source  and  its  cause,  appro- 
priate therapy  depending  largely  on  the  correct  solution  of  these  two 
questions. 

Causes. — It  arises  from  either  general  or  local  causes.  Since  the 
general  causes  involve  bleeding  from  other  urinary  organs  as  well,  it  is 
not  necessary  to  more  than  mention  them  here.  They  embrace  the  dys- 
crasias  coming  from  purpura,  hemophilia,  scurvy,  malaria,  yellow  fever, 
cholera;  and  the  toxic  influence  of  chemicals  absorbed  in  various  ways, 
such  as  turpentine,  cantharides,  and  poisonous  anilin  dyes.  Lichten- 
stem"^  reports  hematuria  in  workmen  living  under  such  influences. 

For  local  causes  of  vesical  hematuria  Davis"  has  presented  an  excellent 
classification,  as  follows:  (1)  Circulatory  disturbances;  (2)  trauma; 
(3)  infection;  (4)  new-growth. 

Vesical  hemorrhages  from  circulatory  disturbances  are  such  as  occur 
in  connection  with  varicosity  of  the  membrane^  or  passive  congestion 
from  other  causes,  such  as  hepatic  cirrhosis*^;  also  the  condition,  not 
unusual  and  sometimes  very  dangerous,  incidental  to  obstructive  pros- 
tatic hypertrophy  of  long  standing,  in  which  a  catheter  is  passed  and  all 
the  contained  urine  is  drawn  off  at  once.  This  removes  the  accustomed 
counterpressure  from  the  membrane,  inducing  severe  passive  congestion 
of  the  whole  urinary  tract,  hemorrhage,  perhaps  suppression  of  urine, 
and  death. 

Trauma. — Injuries,  direct  or  indirect,  may  produce  vesical  hemorrhage. 
Rough  or  forced  catheterization,  the  mechanical  effect  of  foreign  bodies, 
including  calculi,  are  instances  of  the  first-named;  while  any  external 
violence  transmitted  to  the  bladder  may  be  included  in  the  second. 
Kicks  or  falls,  producing  contusion  or  rupture,  are  instances  in  point. 

Infection. — ^Tuberculous  and  other  forms  of  infection  lead  to  inflam- 
mation or  ulceration  and  are  prolific  causes  of  hematuria.  But  when  thus 
produced,  hematuria  is  not  liable  to  be  severe;  it  is  often  only  microscopic 
in  amount  (see  Vesical  Tuberculosis).  Aside  from  the  bacterial  infec- 
tions, the  parasites,  filaria  sanguinis  and  distoma  hematobium,  occasion 
the  same  condition  in  tropical  countries,  fortunately  not  in  our  own. 

Neuhgrowths. — ^Tumors  habitually  furnish  the  most  severe  degrees  of 
vesical  hemorrhages,  papilloma  and  carcinoma  being  especially  disposed  in 
this  way.  Vascularity  is  the  prominent  feature  of  such  growths,  and  the 
friability  of  the  structure  leads  to  its  breaking  down  and  bleeding.    Under 
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such  circumstances,  with  cystoscopic  assistance  a  continuous  stream  of 
blood  may  be  seen  issuing  from  the  wall  of  the  bladder.  Such  bleeding 
occurs  independently  of  activity  or  exercise  on  the  part  of  the  patient, 
and  may  begin  either  at  night  or  in  the  daytime. 

Diagnosis. — ^While  there  are  fairly  characteristic  features  pertaining 
to  the  different  causes  of  hemorrhage  from  the  bladder,  the  study  of  these 
is  more  interesting  than  practical,  as  the  one  thing  to  do  is  to  resort  as 
early  as  possible  to  the  use  of  the  cystoscope.  This  means  will  lead  more 
directly  than  any  other  to  a  solution  of  the  two  questions  involved,  i.  e., 
the  source  and  the  cause  of  the  hemorrhage;  and  will  also  give  the  most 
direct  clue  to  appropriate  therapy.  The  treatment  of  hematuria  is  con- 
sidered under  the  discussion  of  the  respective  conditions  in  which  it  occurs. 

TUMORS  OF  THE  BLADDER. 

Tumors  of  the  bladder  formerly  had  little  recognition  as  such  from 
clinicians,  but  modem  methods  of  investigation  and  instruments  of  preci- 
sion have  rendered  possible  the  diagnosis,  and  surgery  has  done  much  to 
make  the  advance  of  practical  benefit. 

Classification. — Vesical  tumors  have  been  divided  into  benign 
and  malignant;  but  sequences  of  the  clinic  show  that  such  division  is  not 
always  tenable;  that  so-called  benign  tumors  commonly  exhibit  an  almost 
inevitable  tendency  to  recur  and  finally  to  merge  into  a  definitely  malig- 
nant growth.  Kiister's  classification,' quoted  by  Davis,^  is  probably 
the  most  practicable  for  the  present: 

Papilloma. 

1.  Epithelial  group \  l^^'^' 

Cysts  (dermoid). 

Sarcoma. 
Myxoma. 
Fibroma. 
Angeioma. 
3.  Muscular  group Myoma. 

Clinical  observation  has  taught  that  tumors  of  the  bladder  affect 
males  almost  three  times  as  often  as  females;  that  they  are  especially 
prone  to  occur,  primarily,  in  the  proximity  of  the  ureteral  openings  and  the 
trigone.  Secondary  tumors  are  engrafted  at  other  parts  of  the  bladder 
from  contact  with  the  original  growth  when  the  bladder  is  empty.  Sar- 
comata manifest  themselves  particularly  in  childhood;  papillomata,  in 
middle  life ;  carcinomata,  after  forty-five.  Sarcomata  are  exceedingly  rapid 
in  their  growth,  attaining  a  large  development  within  a  few  weeks;  while 
the  remainder  vary  from  a  very  slow  growth  to  a  moderately  rapid  one. 

Local  Characteristics. — As  a  general  rule,  malignant  tumors  tend 
to  infiltrate  the  bladder  wall,  and  extend  by  further  involvement  of 
the  wall;  so  that  their  extirpation  necessarily  demands  the  coincident 
removal  of  more  or  less  bladder-structure.  Those  of  the  so-called  benign 
type  tend  more  to  pedunculation,  and  their  growth  is  in  the  direction  of 
least  resistance,  i.  e.,  into  the  bladder  cavity;  their  removal,  therefore, 
requires  less  radical  methods  than  the  other., 
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The  pedunculated,  polypoid  tumors  vary  from  soft,  filmy,  fimbriated 
masses  floating  in  the  fluid,  as  seen  by  the  cystoscope,  to  firmer,  cauli- 
flower-like bodies,  attached  to  the  bladder  wall  by  pedicles  of  greater  or 
less  size.    They  are  freely  movable  within  the  cavity. 

The  opposing  type  present  the  sessile  appearance,  w4th  broad  attach- 
ment and  involvement  of  vesical  structure;  of  rugged,  ulcerated  surface, 
with  gaping  fissures,  from  which  blood  may  be  oozing  at  the  time  of  ob- 
servation. These  growths  are  not  only  immovable  in  themselves,  but 
they  change  the  vesical  walls  into  a  dense  mass  of  board-like  hardness, 
often  palpable  through  the  rectum  or  the  abdominal  w^all. 

Symptoms. — The  earliest,  most  enduring,  the  most  characteristic 
symptom  of  tumor  of  the  bladder  is  hematuria.  It  is  erratic  in  its  ap- 
pearance, especially  in  the  early  period ;  and  this  uncertainty  and  appa- 
rent lack  of  reason  may  be  descried  as  an  earmark  of  tumor.  Acting  as 
a  foreign  body,  a  vesical  tumor  superinduces  irritation  and  vascular 
changes  that  result  in  infection  and  cystitis,  which  adds  its  quota  to  the 
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symptomatology.  Malignant  tumors  in  their  later  stages  place  the  stamp 
of  their  toxic  influence  on  the  patient,  in  the  shape  of  debility  and  cachexia ; 
and  either  constant  misery  or  intermittent  agony  of  the  severest  degree 
may  fill  the  declining  days  and  nights  of  such  a  sufferer.  Some  patients 
display  the  most  extraordinary  tenderness,  crying  out  on  the  slightest 
manipulation,  so  that  even  the  introduction  of  a  soft  catheter  is  insuffer- 
able without  preliminary  local  anesthesia. 

Diagnosis. — While  the  history  and  clinical  manifestations  may 
give  evidence  sufficient  for  a  presumptive  diagnosis  of  tumor,  especially 
when  confirmed  by  recto-abdominal  palpation  in  some  cases,  they  cannot 
fulfil  the  requirements  for  a  comprehensive  diagnosis  as  demanded  at  the 
present  day.  These  can  be  furnished  by  the  cystoscope  alone.  In  addi- 
tion to  the  actual  presence  of  tumor,  the  investigator  must  be  prepared  to 
determine  as  accurately  as  possible  the  location,  the  appearance,  and  the 
number  of  tumors  present,  their  mobility,  mode  of  attachment  to  the  wall, 
and  the  extent  of  involvement  of  the  latter.  All  of  these  have  a  definite 
bearing  on  therapeutic  deductions. 
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Two  conditions  sometimes  render  cystoscopy  difficult,  but  seldom 
render  it  impossible:  the  excruciating  tenderness  of  late  carcinoma, 
and  free  hemorrhage  from  the  tumor.  If  the  local  use  of  alypin  (as 
described  at  page  287),  together  with  a  morphin  suppository,  does  not 
suffice  to  deaden  the  sensibility,  spinal  anesthesia  with  alypin  (J  or  f 
grain)  or  general  anesthesia  may  be  relied  on  for  the  purpose.  There  are 
three  w^ays  of  meeting  the  other  difficulty  (active  hemorrhage) :  adminis- 
tering stypticin  (Merck's)  in  doses  of  4  grains  three  times  daily,  internally; 
injecting  a  solution  of  one  of  the  suprarenal  extracts,  1  :  1000,  into  the 
bladder  just  before  instrumentation;  and  the  use  of  a  cystoscope  that 
afiFords  abundant  and  rapid  irrigation  during  the  time  of  observation. 

In  case  it  be  found  impossible  to  make  this  means  available  (there  are 
few  conditions  appertaining  to  the  patient  that  can  render  it  inexpedient), 
resort  may  be  had  to  suprapubic  cystotomy.  In  the  absence  of  cysto- 
scopic  possibilities,  either  for  diagnosis  or  for  treatment,  this,  in  all  likeli- 
hood, will  be  the  avenue  of  approach  for  operative  measures  or  for  perma- 
nent drainage,  so  there  are  no  effective  objections  to  it.  Indeed,  if 
hemorrhage  be  obstinate  and  severe,  cystotomy  is  the  logical  measure 
and  should  be  adopted  without  delay. 

Prognosis. — While  the  trait  of  benignancy  is  attributed  to  all 
vesical  tumors  except  carcinoma ta  and  sarcomata  (Barling^and  others), 
the  irony  of  the  term  appears  in  the  remark  of  Morton,^^  who  says :  "  Benign 
tumors,  if  let  alone,  may  cause  death  either  from  the  repeated  hemorrhages 
or  from  pyelonephritis  following  cystitis.  They  can  be  readily  removed 
by  operation,  but  are  apt  to  grow  again."  It  might  be  added  that,  while 
they  are  apt  to  grow  again,  there  are  many  cases  recorded  in  which  per- 
manent relief  has  followed  the  early  removal  of  pedunculated  tumors. 

The  prognosis  of  malignant  tumor  is  much  more  gloomy  than  that 
of  the  benign  type.  It  is  not  only  more  difficult  of  removal,  requiring 
the  coincident  removal  of  parts  of  the  bladdernstructure,  but  its  tendency 
to  recur  is  even  greater  than  that  of  the  benign  variety. 

Treatment. — Although  its  results  are  not  very  encouraging,  as 
indicated  in  the  above  remarks,  there  is  no  doubt  of  the  advisability 
of  removal  of  any  pedunculated  vesical  growth,  of  whatever  location 
or  nature,  and  at  the  earliest  possible  moment.  *The  natural  tendency 
of  such  growths  is  to  increase  and  to  multiply;  the  earlier  the  re- 
moval, the  easier  the  operation  and  the  greater  the  likelihood  of  perma- 
nent relief. 

With  reference  to  the  non-pedunculated  or  malignant  growths,  doubt 
is  expressed  in  some  quarters  as  to  the  justification  of  attempts  at  their 
removal,  the  argument  being  that  they  offer  little  promise  of  effectiveness, 
and  when  the  tumors  do  return  the  conditions  are  not  as  favorable  as  they 
would  have  been  without  operation;  and  that  life  is  not  prolonged,  but  is 
sometimes  shortened  by  operative  measures.  This  same  line  of  argument, 
it  will  be  recognized,  has  been  applied  to  malignant  growths  in  other  parts 
of  the  body,  and  it  is  probably  no  truer  of  this  than  of  other  parts  of  the 
body.  Early,  radical  extirpation  offers  the  greatest  promise  of  permanent 
relief  of  any  measure  now  attainable  for  vesical  neoplasms. 
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Watson"'  has  studied  the  records  of  653  cases  of  vesical  tumor  (243 
benign,  410  malignant),  and  has  found  that,  following  more  or  less  radical 
operations,  of  papillomata  and  myomata,  34  per  cent,  were  free  from 
recurrence  at  the  end  of  a  year;  of  carcinomata,  28  per  cent,  were  free 
at  the  end  of  a  year.  He  sums  up  the  results  of  operative  treatment  as 
follows:  If  the  operative  deaths  and  rapid  recurrences  are  combined 
under  the  head  of  operative  failures,  such  failures  have  occurred  in  28.6 
per  cent,  of  benign  tumors,  and  46  per  cent,  of  carcinomata. 

In  many  instances  removal  of  the  tumor  may  be  accomplished  by 
snare  and  galvanocautery,  through  the  operative  cystoscope;  in  others 
suprapubic  cystotomy  and  direct  attack  will  be  necessary.  If  the  growth 
is  pedunculated,  an  oval  incision  about  its  base,  including  the  adjacent 
mucous  membrane,  with  thorough  excision,  is  the  approved  procedure, 
followed  by  cauterization  of  the  site. 

If  the  growth  is  sessile  or  involves  the  bladder-wall,  the  latter  must  be 
taken  away  with  it,  by  freer  incision  through  the  entire  thickness,  with 
subsequent  suturing  of  the  edges  of  the  wound. 

Extirpation  of  the  Bladder. — In  view  of  the  unsatisfactory  results 
from  excision  or  partial  resection  of  the  bladder  for  tumor,  total  extirpa- 
tion of  the  bladder  has  been  urged  as  a  more  effective  means  of  eradica- 
tion. Up  to  the  present,  there  are  records  of  twenty-five  such  operations 
for  carcinomatous  tumor,  with  eleven  survivals  and  fourteen  deaths, 
an  operative  mortality  of  56  per  cent. ;  survival,  54  per  cent. 

With  this  high  operative  mortaUty  as  a  basis  of  his  reasoning,  Wat- 
son"' proposes  that,  preliminary  to  the  extirpation,  double  nephrostomy 
be  done,  i.  e.,  that  permanent  drainage  of  both  kidneys  be  established,  con- 
ducting the  urine  to  the  surface  of  the  skin  in  the  loins.  This  is  to  take 
care  of  the  urinary  secretion  and  remove  it  as  a  factor  in  the  performance 
of  the  extirpation,  and  also  to  militate  against  subsequent  renal  and  pelvic 
infection,  the  b^te  noir  of  rectal  implantation,  after  the  immediate  dangers 
of  the  operation  are  over.  Further,  the  suggestion  of  Watson  permits  the 
division  of  the  operating  into  two  stages,  which  is  impossible  in  adopting 
either  rectal  (Maydl's  plan^*^),  vaginal  (Pawhk's**),  or  urethral  (Sonnen- 
berg's^°*)  implantation  of  the  ureters.  Nephrostomy  is  also  proposed  for 
inoperable  cases  in  which  the  urine  is  the  source  of  unrelenting  misery  in 
filling  and  emptying  an  intolerant  bladder. 

Extended  discussion  of  vesical  extirpation  may  be  found  in  the  excel- 
lent contributions  of  Hartley,**  IMann,^'  and  Bo\6e}^'^'^'^ 

The  steps  of  the  operation,  as  given  by  Rovsing,*®*  are  described  as  fol- 
lows: The  bladder  is  filled  with  200  c.c.  of  fluid  and  the  patient  placed  in 
the  Trendelenburg  posture.  Through  a  transverse  curved  incision,  con- 
vexity downward,  the  bladder  is  exposed,  its  vertex  and  sides  freed  from 
peritoneum  and  other  attachments,  using  ligatures  as  necessary.  The 
posterior  wall  is  carefully  separated  from  the  peritoneum  if  possible;  if 
not,  the  peritoneum  is  freely  incised  and  removed  with  the  bladder.  The 
ureters  are  secured  by  double  ligatures  placed  one  to  two  cm.  from  the 
bladder,  and  are  severed  by  cautery.  In  women  the  remainder  of  the 
operation  is  done  by  blunt  dissection,  the  neck  of  the  bladder  and  about 
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two  cm.  of  the  urethra  being  freed  and  elevated.  The  urethra  is  clamped 
and  severed  with  a  small  angiotribe.  In  the  male  more  difficulty  is  en- 
countered :  The  prostate  and  base  of  the  bladder  must  be  carefully  separated 
from  the  rectum,  which  brings  the  membranous  urethra  within  reach.  It 
is  clamped  with  a  forceps  and  severed  as  before;  only  in  this  instance 
the  forceps  is  allowed  to  remain  for  twenty-four  hours,  to  prevent  hem- 
orrhage from  the  cavernous  tissue.  If  the  peritoneum  has  been  opened  it 
must  be  re-united  by  suture.  The  large  wound-cavity  is  drained  by  the 
method  of  Mikulicz:  A  pocket  of  gauze  is  filled  out  with  gauze  strips, 
furnishing  compression  and  absorption.  The  incised  edges  of  the  recti 
muscles  are  brought  together  with  aluminum-bronze  wire,  followed  by 
suture  of  the  skin  wound  in  the  ordinary  way.  After  this  part  of  the 
operation,  which  lasts  usually  from  one-half  to  three-quarters  of  an  hour, 
a  short  lumbar  incision  is  made  on  each  side,  extending  from  the  edge  of 
the  erector  spinae  eight  or  ten  cm.  outward.  The  ureter  of  each  side  is 
sought  below  its  pelvis,  is  secured  and  carefully  released  from  its  attach- 
ments down  to  its  severed  end,  and  is  brought  to  the  surface.  Both  ureters 
then  hang  symmetrically  for  their  whole  length,  in  the  triangle  of  Petit, 
eight  cm.  from  the  median  line.  The  lumbar  incisions  are  closed.  The 
ureters  are  not  attached,  but  are  allowed  to  hang  free,  discharging  into 
an  appropriate  receptacle,  after  a  No.  12  catheter  has  been  passed  into 
each  as  far  as  their  junction  with  the  abdominal  wall.  TJiey  are  protected 
by  a  perforated  rubber  finger-cot,  drawn  over  them.  These  free  ends 
shortly  shrink  and  necrose  up  tg  within  two  to  three  cm.  of  the  skin  sur- 
face, where  they  may  be  cut  off,  leaving  a  beak-shaped  projection  that 
soon  becomes  covered  with  epithelium.  The  catheter  is  not  re-inti*oduced, 
the  drainage  being  secured  and  cared  for  by  means  of  a  girdle  and  cup- 
shaped  receptacles  of  silver  that  are  connected  by  tubing  to  a  rubber  bag 
attached  to  the  thigh.  This  apparatus  must  be  worn  both  day  and  night. 
R5ntgen-ray  Treatment. — While  not  enough  experience  has  yet 
been  had  to  determine  the  position  of  this  treatment  on  vesical  tumors,  it 
may  be  mentioned  that  Gray*^  reports  marked  improvement  from  its  use 
in  a  case  of  carcinoma  in  a  gentleman  sixty-seven  years  of  age.  The 
applications  were  made  through  a  suprapubic  opening,  following  surgical 
removal  of  the  tumor  from  the  base  of  the  pedicle.  After  closure  of  the 
wound  the  patient  remained  well  to  the  time  of  the  report  (eight  months). 
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This  is  a  condition  long  thought  to  be  of  infrequent  occurrence,  but  now 
known  to  occur  in  about  1  per  cent,  of  inguinal  hernias.  It  is  a  protrusion 
of  a  part  of  the  bladder  wall  from  the  abdominal  cavity  at  some  point 
in  the  lower  abdominal  wall,  usually  the  inguinal  canal,  males  largely 
predominating.  The  bladder  may  be  within  the  sac  of  a  large  inguinal 
hernia,  but  this  form  is  seldom  encountered.  In  the  commoner  form  the 
bladder  is  not  within  the  hernial  sac,  but  is  at  the  side  of  the  sac,  the 
peritoneum  covering  the  posterior  and  lateral  wall  of  the  bladder  forming 
the  inner  wall  of  the  hernial  sac.  In  very  rare  cases  the  bladder  alone 
and  without  any  peritoneum  forms  the  hernia. 
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Thinned,  dilated  bladders  are  for  the  most  part  met  with  in  vesical 
hernia,  and  individuals  the  subject  of  urinary  obstruction  or  of  lowered 
state  of  health  are  most  liable  to  the  condition. 

The  chief  importance  of  vesical  hernia  consists  in  its  liability  to  inad- 
vertent injury  during  the  performance  of  herniotomy.  The  seriousness 
of  this  accident  appears  in  the  figures  collected  by  Lotheissen,*"  of  sixty- 
five  such  cases,  with  eighteen  deaths. 

Diagnosis. — In  the  physical  examination  of  hernia  containing  a 
part  of  the  wall  of  the  bladder  it  may  be  noticed  that  desire  to  urinate  is 
aroused  by  the  manipulations  of  the  examination;  the  patient  may  men- 
tion that  his  urination  is  accomplished  in  several  stages,  instead  of  all  at 
once;  that  the  hernia  gradually  increases  in  size  with  the  filling  of  the 
bladder,  etc.  Any  suspicion  of  the  presence  of  hernia  of  the  bladder  in 
connection  with  an  existing  tumor  of  this  kind  should  be  tested  by  the 
use  of  the  cystoscope,  in  which  the  retrospective  lens  is  employed,  in  order 
to  detect  a  protrusion  in  the  direction  of  the  operator.  Manipulation  of 
the  sac  externally  while  observation  is  being  made  through  the  cystoscope 
may  furnish  valuable  evidence  in  establishing  the  connection. 

Treatment. — As  with  other  hernias,  a  well-fitting  truss  may  give 
good  service  for  palliation;  but  complete  restoration  may  only  be  ex- 
pected from  a  radical  operation.  The  accidental  incision  of  the  bladder 
should  be  at  once  followed  by  tight  closure  with  two  rows  of  chromicized 
catgut  sutures  before  reducing  the  protrusion;  testing  with  intravesical 
injection  of  boric  solution;  the  retention  of  a  soft  catheter  in  the  bladder, 
per  urethram;  and  the  completion  of  the  radical  procedure.  Such  a 
course  relieves  the  accident  of  most  of  its  danger. 


FOREIGN  BODIES  IN  THE  BLADDER. 

Foreign  bodies  reach  the  cavity  of  the  bladder  by  intentional  or  by 
accidental  means.  The  variety  of  objects  embraced  in  the  list  is  sur- 
prisingly large.  In  addition  to  calculi,  pieces  of  suture,  of  broken  cathe- 
ters or  bougies,  bony  sequestra,*  and  other  substances  with  more  or  less 
legitimate  excuse  for  their  presence,  there  are  parts  of  pencil,  straws, 
glass  tubing,  beads,  wax,  chewing-gum,  hair-pins — in  fact,  every  conceiva- 
ble object  that  may  be  made  to  enter  the  urethra  for  the  purpose  of 
titillating  the  feeUngs  and  the  erotic  fancies  of  masturbators.  The  hair- 
pin is  a  favorite  object  with  the  female.  These  various  means  are  used, 
perhaps,  repeatedly,  until  finally,  under  the  influence  of  sexual  excite- 
ment or  orgasm,  they  escape  the  grasp  and  are  forced  into  the  urethra, 
when  they  are  pressed  into  the  bladder  by  the  excited  efforts  at  regaining 
them  by  the  patient. 

In  other  instances  soft  catheters  are  left  a  demeure^  but  escape  from 
the  retention  apparatus  and  find  their  way  into  the  bladder.  A  husband 
lost  a  catheter  in  the  urethra  and  bladder  of  his  wife  while  endeavoring 

*  Hageard*'  found  the  full  skeleton  of  an  ectopic  fetus  that  had  ulcerated  its 
way  into  the  bladder  of  a  patient.  Dunn''  found  a  bony  sequestrum  nearly  an  inch 
long. 
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to  pass  it  into  the  uterus  for  the  purpose  of  causing  abortion;  and  in 
a  patient  of  my  own  a  veterinary  surgeon  used  a  willow  switch 
instead  of  a  bougie  for  enlarging  the  caliber  of  a  supposed  deep  ure- 
thral stricture;  about  three  inches  of  the  switch  broke  ofif  within  the 
bladder,  formed  the  nucleus  for  phosphatic  incrustations,  and  developed 
into  a  stone  of  large  size,  requiring  removal  by  suprapubic  cystotomy  a 
year  later. 

This  is  a  frequent  outcome  of  such  an  accident:  The  patient,  im- 
pressed with  the  shame  of  his  act,  fails  to  ask  assistance  until  months 
later;  the  foreign  body  evokes  irritation,  infection,  and  cystitis,  and  he 
finds  further  delay  impossible. 

Treatment. — It  was  formerly  necessary  to  cut  down  for  the  removal 
of  all  such  foreign  bodies;  but  ingeniously  contrived  hooks,  alligator 
forceps,  and  lithotrites,  besides  the  operative  cystoscope  and  its  accesso- 
ries, of  modem  devising,  have  materially  lessened  the  occasions  for  such 
radical  measures.  Of  two  hundred  and 
forty-nine  cases  collected  by  Denuce  there 
were,  prior  to  1830,  twenty-seven  extrac- 
tions and  one  hundred  cystotomies;  be- 
tween 1830  and  1856,  twenty-two  cysto- 
tomies and  one  hundred  and  one  cases  of 
extraction;  with  a  similar  increase  since 
that  time.* 

Practically  all  small  objects,  such  as 
portions  of  catheters,  sticks,  hair-pin,  stone, 
bone,  etc.,  may  be  removed  by  means  of 
the  operative  cvstoscope  and  appropriate 
accessory  instruments  (see  p.  291).  Even  '^''' rif'^^^^^^ o^TTovZ 
friable  wax  or  gum  may  be  thus  removed  woman  (Nit«e). 

..,  .-.  I'li.*'  A  The  shafts  of  the  pin  appear  diver- 

Wlth    a    scoop.      After   phosphatic  mcrUSta-  gent,  but  are  really  parallel. 

tion  of  such  an  object  has  progressed  far, 

crushing  may  be  necessary,  or  removal  by  incision  through  the  perineum 
or  the  suprapubic  area.  Keyes^^  calls  attention  to  the  especial  danger 
from  pieces  of  glass  in  the  bladder  and  their  liability  to  cut  or  injure  the 
bladder  incidental  to  efforts  at  extraction;  and  advises  that  immediate 
cystotomy  be  performed  in  such  a  case. 


INJURIES  OF  THE  BLADDER. 

Because  of  its  situation  deep  in  the  well-padded  bony  pelvis,  injuries 
to  the  bladder  are  rare  compared  with  those  of  the  more  exposed  organs 
of  the  body;  and  it  requires  an  extreme  degree  of  violence  to  reach  or 
affect  it.  Nevertheless,  a  force  that  is  powerful  enough  to  injure  the  bony 
pelvis  does  not  usually  fail  to  leave  its  impress  on  the  bladder  as  a  contu- 
sion, a  wound,  or  a  rupture. 

Contusion. — Theoretically  possible,  but  practically  rare,  this  in- 
jury is  sustained  from  a  kick  or  a  fall  in  which  there  is  bruising  of  the 
bladder  without  solution  of  its  continuity.     It  may  occasion  derangement 
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of  the  vascularity  of  the  organ  to  such  a  d^ree  that  fairly  active  hemor- 
rhage results,  with  the  formation  of  clots  in  the  organ.  Some  degree  of 
temporary  shock  to  the  patient  is  usually  observed. 

The  chief  point  of  importance  connected  with  this  injury  is  its  differen- 
tial diagnosis  from  rupture  of  the  bladder,  a  mistake  which  leads  to  delay, 
and  delay  in  proper  treatment,  even  for  a  moderate  number  of  hours, 
may  result  in  the  loss  of  the  life  of  the  patient.  This  subject  wiU  be  con- 
sidered further  under  Diagnosis  of  Rupture  of  the  Bladder. 


WOUND  AND  RUPTURE  OF  THE  BLADDER. 

Definition. — The  term  "wound  of  the  bladder"  indicates  a  break  not 
only  in  the  continuity  of  the  bladder  itself,  but  also  of  the  skin  and  soft 
parts  surrounding  it.  Rupture  indicates  a  solution  of  continuity  of  the 
bladder,  without  wound-communication  with  the  external  surface. 
Practically,  the  essential  difference  between  the  two  conditions  is  the 
morbid  communication  with  the  external  surface;  hence,  with  this  dis- 
tinction understood,  they  may  properly  be  discussed  together. 

Sources  and  Mode  of  Injury. — These  injuries  may  result  from 
either  direct  or  indirect  violence;  and  may  be  either  intraperitoneal  or 
extraperitoneal,  that  is,  the  break  in  the  bladder-wall  may  or  may  not 
involve  the  peritoneal  covering,  depending  on  the  location  and  extent 
of  the  injur}'. 

The  full  bladder  is  the  vulnerable  bladder,  the  one  most  liable  to  in- 
jury from  any  form  of  violence.  Large  and  tense,  it  is  exposed  to  stab 
wounds  and  gunshot  wounds  in  broils;  to  puncture  or  laceration  from  a 
fall  in  which  the  abdomen  is  pierced  by  a  picket  or  stake,  or  the  object 
of  an  attack  by  a  homed  animal;  or  to  penetration  by  bony  spicule  in 
case  of  fracture  of  the  pelvic  bones.  It  is  also  more  vulnerable  with 
respect  to  rupture,  from  any  of  the  many  w'ays  in  which  that  injury  is 
sustained:  from  kicks,  blows,  falls  from  a  height;  the  passing  of  vehicle 
wheels  over  the  abdomen;  from  spontaneous  rupture  in  connection  with 
straining  efforts  incident  to  parturition,  obstructed  urination  or  difficult 
stool  (in  the  presence  of  pathologic  bladder).  Crushing  injuries  that  roll 
the  patient  between  two  cars  may  cause  rupture,  wound,  or  laceration 
of  the  bladder. 

While  injury  from  all  of  these  effects  is  more  likely  to  happen  to  a 
filled  bladder,  it  must  be  conceded  that  the  empty  state  does  not  secure 
immunity  from  direct  force.  A  stake  or  fence  picket  that  penetrates  the 
perineum  in  a  fall  also  may  penetrate  the  bladder,  whether  full  or  empty. 

Injury  to  the  bladder  may  be  produced  by  means  of  surgical  instru- 
ments, Uthotrites,  forceps,  or  metal  catheters.  Neumann,  in  extracting 
an  adherent  stone  in  a  boy,  tore  through  both  bladder  and  rectum."* 

Prognosis. — The  vast  difference  between  the  results  of  such  inju- 
ries under  the  older  "  expectant"  plan  of  treatment  and  the  modem  one 
is  indicated  by  reference  to  the  statistics  on  the  subject.  Bartels*  in  1882 
analyzed  one  hundred  and  sixty-six  cases  of  mpture  of  the  bladder,  which 
gave  one  hundred  and  forty-nine  deaths  and  seventeen  recoveries,  a 
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mortality  of  90  per  cent.  In  1903  D.  F.  Jones**  analyzed  fifty-four  cases 
of  later  occurrence,  finding  twenty-six  deaths,  and  twenty-eight  recov- 
eries; mortality,  48  per  cent.  Of  the  twenty-two  cases  published  since 
1892,  quoted  by  Horwitz,**  there  have  been  seven  deaths  and  fifteen 
recoveries;  mortality,  27.5  per  cent.  This  great  improvement  has  been 
brought  about  by  prompt  operation. 

Symptoms  and  Diagnosis. — The  two  questions  most  urgent  of 
solution  in  all  of  these  injuries  are:  (1)  Is  the  bladder  itself  involved, 
either,  by  wound  or  rupture?  (2)  Is  the  injury  intraperitoneal  or  extra- 
peritoneal? On  the  prompt  and  correct  determination  of  these  two 
questions,  backed  up  by  the  immediate  application  of  appropriate  surgi- 
cal measures,  more  than  upon  anything  else  depends  the  death  or  the 
salvation  of  the  patient.  This,  however,  is  not  always  easy  of  accom- 
plishment, even  where  there  is  a  wound  of  the  external  structures,  for  the 
urine,  in  such  a  case,  may  not  appear  externally,  but  may  leak  into  the 
tissues  or  into  the  peritoneal  cavity,  failing  to  afford  the  clue  that  it  might 
otherwise  furnish. 

Following  the  receipt  of  injury  that  ruptures  the  bladder  or  that  causes 
a  wound  without  external  drainage  of  urine,  there  is  usually  shock  of 
pronounced  proportions.  There  is  also  complaint  of  severe  pain  in  the 
lower  part  of  the  abdomen,  frequent  but  futile  efforts  are  made  at  urina- 
tion; and  when  the  catheter  is  passed,  only  a  small  quantity  of  urine  is 
found  in  the  bladder,  and  this  is  tinged  with  blood.*  When  fluid  is  in- 
jected there  is  no  return  through  the  catheter  of  the  same  amount  as 
was  injected.  Further,  instead  of  the  injection  being  followed  by  the 
usual  globular  tumor  of  a  filled  bladder  in  the  pubic  region,  dull  on  percus- 
sion, none  of  the  signs  of  the  bladder  are  perceptible;  but  there  is  increas- 
ing dullness  in  the  flanks,  as  in  ascites. 

The  next  striking  change  is  the  onset  of  peritonitis  and  ite  train  of 
symptoms,  thready  pulse,  hiccough,  and  vomiting.  Peritoneal  infection 
is  not  necessarily  an  immediate  follower  of  the  entrance  of  urine  into  the 
peritoneal  cavity,  as  many  cases  of  rupture  are  reported  in  which  patients 
continued  to  be  about,  or  even  at  work,  for  days  after  the  injury,  their 
abdomens  containing  urine  all  of  the  inter\^ening  time;  and  not  until 
catheterization  had  been  applied  had  the  infection  taken  place. 

If  the  urinary  leakage  is  into  tissues  outside  of  the  peritoneum,  there 
is  steady  accumulation  and  diffusion  of  urine  here ;  which ,  w^hen  it  becomes 
infected,  develops  phlegmon,  abscess,  sepsis,  possibly  peritonitis  if  appro- 
priately located ;  and  unless  prompt  and  effective  surgical  action  be  taken, 
the  outlook  becomes  as  serious  as  with  intraperitoneal  leakage. 

In  no  crisis  of  surgery  are  the  forceful  mind  and  master  hand  needed 
more  than  in  this  one.  *' Masterly  inactivity"  leads  to  sure  death;  de- 
ferred activity,  to  the  same  conclusion.  Of  the  cases  of  rupture  operated 
on  within  the  first  twelve  hours,  the  mortality  is  about  38  per  cent.; 

♦  This,  however,  does  not  always  follow,  as  Herrick*'  reports  two  cases  in  which 
large  rents  in  the  posterior  wall  of  the  bladder  permitted  the  entrance  of  the  catheter 
into  the  abdominal  cavity  and  the  withdrawal  of  large  quantities  (one  quart  in  one 
case,  a  pint  and  a  half  in  another)  of  bloody  urine,  in  a  forceful  stream. 
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from  twelve  to  twenty-four  hours,  70  per  cent. ;  after  this,  about  73  per 
cent.    The  necessity  for  prompt  action  is,  therefore,  apparent. 

The  symptoms  and  signs  mentioned  make  a  strong  chain  of  evidence 
presumptive  of  ruptured  bladder,  under  which  circumstances  definite 
steps  shoidd  be  taken  to  determine  the  question.  Hydrogen  or  oxygen 
gas  has  been  recommended  for  injection  through  a  sterile  catheter,  and 
its  behavior  observed ;  or  sterile  water  has  been  used  for  the  same  purpose. 
But  these  means  have  not  received  the  undivided  support  of  writers. 
Together  with  the  cystoscope,  they  are  condemned  by  Horwitz,**  who 
says:  "It  is  evident  that  there  is  no  known  means  that  can  be  regarded 
as  a  reliable  aid  in  attempting  to  diagnose  rupture  of  the  bladder.  All 
the  expedients  suggested  are  fraught  with  more  or  less  danger  to  the 
patient;  the  use  of  the  sterilized  catheter  is  probably  less  dangerous 
than  any  of  the  others.  It  follows,  therefore,  that  in  all  cases  of  doubt, 
instead  of  losing  valuable  time  ....  it  is  wiser  to  proceed  at 
once  with  an  exploratory'  operation."  It  is  conceded  (White  and  Mar- 
tin,"^ page  408)  that  cases  simply  of  contusion  of  the  abdomen  and  blad- 
der may  give  rise  to  perfect  simulation  of  rupture,  embracing  the  typical 
symptoms  of  shock  and  bloody  urine;  and  also  that  suppression  of  urine, 
with  alcoholism,  sometimes  presents  the  same  syndrome  of  sjrmptoma- 
tology.  With  these  facts  in  view,  it  is  hardly  justifiable  to  undertake 
laparotomy  on  a  mere  suspicion.  Tangible  evidence,  other  than  that  of 
fatal  delay,  is  desired.  It  is  probable  that  a  well-equipped  cystoscope 
is  best  adapted  to  furnish  this  evidence,  and  with  the  least  harmful  effect. 

While  it  is  a  question  whether  the  older  forms  of  one-view,  non-irrigat- 
ing cystoscopes  could  be  employed  to  advantage,  a  model  supplied  with 
ample  irrigating  facility  and  readily  interchangeable  lenses  (direct,  right- 
angle,  and  retrospective)  is  well  calculated  to  determine  the  existence, 
size,  and  location  of  a  vesical  rupture,  or  a  rent  in  the  bladder  communi- 
cating with  an  outside  wound.  Such  a  cystoscope  supphes  a  view  during 
the  passing  in  of  the  fluid,  at  least;  and  even  if  the  view  be  interrupted 
shortly,  a  glimpse  may  be  sufficient  for  all  diagnostic  purposes.  In  case 
of  a  shot  wound,  the  missile  may  have  remained  in  the  bladder,  or  may 
have  passed  out  through  a  second  wound,  with  or  without  peritoneal 
perforation,  on  which  questions,  also,  the  cystoscope  may  throw  valuable 
light. 

Treatment. — Fenwick  states  that  rupture  is  intraperitoneal  in  88 
per  cent,  of  cases;  Ulmann"®  believes  85  per  cent.  With  extraperitoneal 
injury  the  surgical  requirements  depend  largely  on  the  amount  of  leakage 
of  urine  into  the  tissues,  together  with  its  infectiousness.  If  these  are 
pronounced,  time  should  not  be  wasted,  but  the  affected  parts  should  be 
promptly  reached  by  incision  and  free  drainage  should  be  established  in 
addition  to  leaving  a  soft  catheter  in  urethra  and  bladder.  Other  surgi- 
cal principles  applicable  under  such  circumstances  are  to  be  followed. 

If  it  is  determined  or  strongly  suspected  that  the  injury  involves  the 
peritoneum,  immediate  preparations  for  laparotomy  should  be  made. 
A  median  incision,  moderately  low  down,  permits  observation  of  the 
abdominal  contents  (as  to  blood,  urine,  etc.)  and  also  allows  a  direct 
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examination  of  the  bladder  for  a  tear  or  perforation.  On  locating  one, 
its  edges  are  trimmed,  cleaned,  and  closed  with  Lembert  sutures,  rein- 
forced with  a  second  row  of  sutures  if  there  is  reason  to  doubt  the  efficiency 
of  the  first;  after  which  the  toilet  of  the  peritoneum  is  made  and  drain- 
age is  provided.  A  rubber  catheter  is  retained  in  the  urethra  and 
bladder  for  a  week.  If  the  bladder  has  been  opened  incidental  to  the 
operation,  direct  drainage  from  it  may  also  be  arranged  for,  possibly 
leaving  the  abdominal  wound  partially  open  and  the  intestines  walled  off 
^ith  gauze. 

It  is  at  times  difficult  to  place  sutures  in  a  deep-lying  wound  of  the 
bladder,  say,  in  the  bas  fond;  in  which  case  assistance  is  gained  by  plac- 
ing sutures  in  the  anterior  end  of  the  wound  first  and  using  them  for 
traction. 

VESICAL  FISTULA. 

A  fistulous  tract  may  connect  the  bladder  with  the  outer  surface  of 
the  skin  or  with  some  neighboring  organ;  and  such  connection  deter- 
mines its  designation,  as  vesicorectal,  vesico-intestinal,  vesicoperineal, 
vesico-abdominal,  etc.  Vesicovaginal  and  vesico-urethrorectal  fistulas, 
together  with  those  from  patent  urachus,  are  discussed  elsewhere. 

The  causes  of  vesical  fistulas  are  numerous.  They  embrace  those 
arising  from  surgical  operations,  both  intentional,  for  prolonged  drainage 
of  the  bladder,  and  unintentional,  the  result  of  compUcating  conditions 
in  connection  with  operations;  they  include  those  of  traumatic,  tubercu- 
lous, and  malignant  origin;  and  those  from  ulceration  or  abscess-forma- 
tion, the  sequence  of  calculus  in  the  bladder  or  concretion  in  the  bowel. 

Of  ninety-five  cases  of  vesico-intestinal  fistulas  analyzed  by  Chavan- 
naz,^*  thirteen  were  traumatic,  twenty-nine  ulcerative  (from  stone,  abscess, 
etc.),  nineteen  malignant,  seven  tuberculous,  and  twenty-seven  unclassi- 
fied. 

Symptoms. — The  most  constant  symptom  of  vesical  fistula  is  the 
escape  of  the  urine  in  an  abnormal  direction.  Next,  the  appearance  in 
the  bladder  and  urine  of  materials  or  products  of  other  organs  (feces,  gas, 
undigested  particles  of  food).  Pneumaturia  is  caused  most  frequently 
by  fistulous  connection  with  the  bowel,  but  it  also  arises  from  bacterial 
activity  or  fermentation  in  the  bladder;  so  this  is  not  pathognomonic  of 
intestinal  communication,  as  some  authors  claim.  If  the  fistula  connects 
with  the  small  intestine  or  the  proximal  end  of  the  colon,  although  urine 
may  enter  the  bowel  it  does  not  necessarily  become  evident  in  the  feces,  as 
it  thoroughly  mixes  with  the  latter,  under  such  circumstances.  Cystitis  is, 
of  course,  to  be  expected,  from  the  presence  of  infective  foreign  materials. 

Diagnosis. — Vesical  fistula  is  to  be  differentiated  from  that  of  ure- 
thral origin  by  observation  at  the  time  of  urination.  If  the  connection 
is  with  the  bladder,  the  leakage  is  liable  to  be  continuous;  if  from  the 
urethra,  leakage  occurs  only  at  the  time  of  urination. 

Tests  may  be  made  by  injecting  indigo-carmin  or  methylene-blue 
solution  into  the  bladder  and  watching  for  its  escape  at  suspected  points. 
Or  hydrogen  peroxid  may  be  injected  into  the  fistulous  tract  and  lead  to 
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the  appearance  of  bubbles  and  air  in  the  bladder,  made  evident  at  the 
first  subsequent  urination,  or  by  coincident  observation  through  a  cysto- 
scope.  The  latter  is  preferable,  as  it  indicates  the  locality  and  size  of 
the  abnormal  opening  in  the  bladder. 

Treatment. — Palliative  or  operative  measures  may  be  adopted, 
according  to  individual  indications. 

One  primary  and  fundamental  condition  must  be  fulfilled  before  suc- 
cess can  be  expected :  All  resistance  or  obstruction  to  the  escape  of  urine 
in  a  direction  other  than  through  the  fistula  must  be  removed.  However 
diligent  the  operator  may  be  in  treating  a  fistulous  tract,  if  he  neglect  to 
remove  obstruction  from  a  urethral  stricture,  for  instance,  he  invites  in- 
evitable defeat  at  the  outset.  After  providing  for  this  (by  operation  or 
the  retained  catheter),  he  may  turn  his  attention  to  the  treatment 
of  the  fistula  itself.  This  consists  in  freshening  or  curetting  the  tract 
with  a  sharp  gimlet-curet,  followed  by  swabbing  with  pure  carbolic 
acid  or  nitrate  of  silver  fused  on  the  end  of  a  probe  by  heat.  To  this  may 
be  added  a  deeply  placed  suture  of  silkworm-gut  to  maintain  close  apposi- 
tion of  the  freshened  walls;  with  a  retained  catheter  to  serve  for  continu- 
ous drainage  for  a  week.  If  there  is  much  cicatricial  tissue  surrounding 
the  tract,  it  should  be  cut  away  previous  to  closure. 

Vesico-intestinal  fistula  (non-malignant  and  non-tuberculous)  is  to 
be  treated  by  laparotomy,  severance  of  the  gut  from  the  bladder,  freshen- 
ing and  suturing  of  both  fistulous  openings,  followed  by  provision  for 
ample  and  continuous  drainage  and  frequent  irrigation  of  both  organs. 
Temporary  colostomy  may  be  added  for  greater  certainty  of  the  result. 

Fistulas  of  malignant  or  tuberculous  origin  are  practically  incurable, 
and  palliative  treatment  alone  is  applicable  to  them.  This  consists 
chiefly  in  irrigation  and  drainage.  If  the  fistula  involves  the  intestine, 
permanent  colostomy  may  be  demanded,  where  there  is  excessive  suffer- 
ing from  the  entrance  of  fecal  masses  into  the  bladder;  or  Watson's 
suggestion  of  nephrostomy"*  may  be  indicated  for  relieving  the  cancer- 
ous bladder  of  all  contact  with  irritating  urine. 

BIBLICXJRAPHY. 

1.  Allison:  Trans.  Western  Surg,  and  Gyn.  Assn.,  1900. 

2.  Ayres:  Am.  Jour,  of  Urology,  Oct.,  1904. 

3.  Bangs:  "Difficulties  in  the  Use  of  the  Cystoscope,"  The  Post-Graduate,  1892. 

4.  Bartels:  Archiv  f.  kiln.  Chir.,  vol.  xxii,  Parts  3  and  4. 

5.  Beck,  Carl:  N.  Y.  Med.  Record,  Aug.  25,  1900. 

6.  Brown:  Medical  Record,  March  10,  1900. 

7.  Braun:  Die  Thierischen  Parasiten  des  Menschen.   • 

8.  Brohl:  Wiener  med.  Presse,  1889. 

9.  Barling:  Birmingham  Medical  Review,  Aug.,  1892. 

10.  Bovee:  American  Medicine,  July  13,  1901. 

11.  Blazina:  Vierteljar.  f.  die  praktische  Heilk.,  1848. 

12.  Bierhoff :  Med.  News,  Mar.  8,  1902. 

13.  Brown,  Tilden:  Report  of  Bellevnie  Hosp.,  Jan.,  1905. 

14.  Cabot,  Follen:  Med.  News,  Jan.  21.  1905. 

15.  Chavannaz:  Annales  des  Mai.  des  Org.  Gen.-Ur.,  1897,  vol.  xv,  1176  et  seq. 

16.  Coplin:  Jour.  Cutan.  and  G^n.-Urinary  Dis.,  1898. 

17.  Connell:  Jour.  Amer  Med.  Assn.,  March  9,  1901. 

18.  Czerny:  BeitrSge  zur  klin.  Chir.,  Bd.  viii,  S.  298. 

19.  Czerny:  Beitrage  zur  klin.  Chir.,  1896,  Bd.  xix. 


BIBLIOGRAPHY.  333 

20.  Casper,  translated  by  Bonney:  "Genito-Urinary  Diseases/'  1906. 

21.  Clarke:  "Cystoscope,"  Brit.  Med.  Jour.,  Oct.  18,  1890. 

22.  Darling:  Annals  of  Surgery,  Dec,  1905. 

23.  Davis:  Annals  of  Surgery,  April,  1906. 

24.  Davis,  Lincoln:  Am.  Jour.  Urologjr,  Jan.,  1907. 

25.  Dittel:  Wiener  allgemeine  med.  Zeitung,  1891. 

26.  Dunn:  Ann.  of  Surg.,  1894. 

27.  Eastman:  Jour.  Am.  Med.  Assn.,  vol.  xxxiii,  1899. 

28.  Enderlin:  Deutsche  Zeitschr.  fUr  Chir.,  Bd.  Iv,  1900. 

29.  Fowler:  Amer.  Jour.  Med.  Sci..  1898. 

30.  Frank:  St.  Louis  Med.  Rev.,  Oct.,  1899;  and  New  York  Med.  Rec,  1896. 

31.  Fenwick:  Brit.  Med.  Jour.,  May  9,  1896. 

32.  Fiaux:  Gazette  des  Hopitaux,  1840,  p.  580. 

33.  Fuller:  "Diseases  of  the  Geni to-Urinary  System." 

34.  Fenwick:  "Clinical  Cystoscopy,"  1904. 

35.  Garceau:  Jour.  Amer.  Med.  Assn..  Nov.  3,  1906. 

36.  Gage:  Boston  Med.  and  Surg.  Jour..  Feb.  5,  1891. 

37.  Gladstone:  Annals  of  Surgery,  Dec,  1901. 

38.  Gibson:  Med.  Rec,  March  20,  1897. 

39.  Goldenburg:  Med.  Rec,  Aug.  15,  1896. 

40.  Gray:  Amer.  Jour.  Surg.,  Oct.,  1906. 

41.  Haas:  MUnch.  med.  Woch.,  xxxvi,  1889. 

42.  Haggard:   Am.  Jour.  Obstet.  and  Dis.  of  Women  and  Children,  vol.  i.  No.  5, 

1904. 

43.  Harrison,  Reginald:  "Stone,  Prostate  and  Urinary  Disorders,"  1899. 

44.  Harrison:  International  Encyclopeedia  of  Surgery. 

45.  Hartley:    (a)   "Operative  Treatment  for  Exstrophy  of  the  Bladder,"  Ann.  of 

Surg.,  July,  1901.     (6)    "Extirpation  of  the  Urinary  Bladder,"  Med.  News, 
New  York,  Aug.  29,  1903. 

46.  Herrick:  Med.  News,  Feb.  25,  1893. 

47.  Hirsch:   Centralblatt  ftir  die  Krankheiten  der  Harn-  und  Sexual-Organe,  Bd. 

xvi,  Hft.  12. 

48.  Horwitz:  Ann.  of  Surg.,  1905. 

49.  Jones,  D.  F.:  Ann.  of  Surg.,  Feb.,  1903. 

50.  Keen:  "The  Surgery  of  Typhoid  Fever." 

51.  Keyes:  "Genito-Urmary  Diseases,"  1904. 

52.  Klein:  Inaugural  Dissertation,  Berlin.  1880. 

53.  Kolischer  and  Schmidt:  "Ureteral  Cath.,"  Jour.  Am.  Med.  Assn.,  June  4, 1904. 

54.  Kreissel:  N.  Y.  Med.  Jour.,  Feb.  13,  1904. 

55.  Krotozyner:  Occidental  Med.  Times,  May,  1903. 

56.  Ktimmel:   "Die  neueren  Untersuchungsmethoden  und  die  operativen  Erfolge 

bei  Nierenkrankheiten,"  32d  Congress  of  German  Surg.  Soc 

57.  Langenbeck:  Handbuch  der  Anatomic,  Gottingen. 

58.  LaRoque:  Jour.  Am.  Med.  Assn.,  June  16,  1906. 

59.  Layton:  Chicago  Med.  Recorder,  1907. 

60.  LeFort:  Gazette  des  Hopitaux,  1873,  S.  1021,  1876,  No.  10. 

61.  Lewis,  Bransford:   "Ureter-catheterization:   Its  Purposes  and  Practicability," 

Ann.  of  Surg.,  Jan.,  1903. 

62.  I^wis,  Bransford:    "Report  of  Operative  Work  in  the  Ureter  and  Bladder 

through   the  Author's   Catheterizing   and   Operative   Cystoscopes,"   Amer. 
Jour.  ITrology,  Jan.,  1905;  Cincinnati  Lancet -Clinic,  March  4,  1905. 

63.  Lewis,  Bransford:    "Clinical  Study  of  the  Diagnosis  of  Urinary  Calculus," 

Jour.  Missouri  State  Med.  Assn.,  vol.  ii,  No.  4,  1905. 

64.  Lewis.  Bransford:  "Three  Ureters  Demonstrated  During  Life,  Catheterization 

Giving  Three  Different  Urines,  One  Infected  with  Gonococci,"  Med.  Rec, 
Oct.  6.  1906. 

65.  Lewis,  Bransford:  Ann.  of  Surg.,  June,  1890. 

66.  Levison:  Calif.  State  Jour.  Med.,  Sept..  1906. 

67.  Lichtenstern:  Deutsch.  med.  Woch.,  1898,  xxiv. 

68.  Lockhart:  Montreal  Med.  Jour.,  xx,  1892. 

69.  Lotheissen:  Beitrage  zur  klin.  Chir.,  1898,  xx,  727. 

70.  Lower:  Med.  News,  Dec  19,  1903. 

71.  Lustgarten  and  Mannaberg:  Vierteljahresschrift  fOr  Dermatologie  und  Syphilis, 

1887,  p.  405. 

72.  Lydston:  "Text-book,  Genito-Urinary  Diseases,"  1904. 

73.  Mann:  Amer.  Med.,  July  13,  1901. 


334  SURGERY  OF  THE  BLADDER. 

74.  Manson:  "Tropical  Diseases." 

75.  Maydl:  Wiener  med.  Wochenschr.,  1894,  25-29;  1896,  28. 

76.  Meyer:  N  .Y.  Med.  Jour.,  Jan.  30,  1892. 

77.  Morton:  "Genito-Urinary  Diseases  and  Syphilis,"  1906. 

78.  Moynihan:  Ann.  of  Surg.,  Feb.,  1906. 

79.  Moynihan:  Lancet,  March  2,  1900. 

80.  Murray:  Brit.  Med.  Jour.,  June  12,  1897. 

81.  Nancrede  and  Hutchings:  Med.  News,  Nov.  23.  1901. 

82.  Newman,  David:  "The  Cystoscope,"  Brit.  Med.  Jour.,  Mar.  24-31,  1906. 

83.  Nitze:  Atlas  der  Kystoscopie. 

84.  O'Neil:  Boston  Med.  and  Surg.  Jour.,  Oct.  27,  1904. 

85.  Otis:  N.  Y.  Med.  Jour.,  April,  1905. 

86.  Pagenstecher:  Archiv  fOr  klin.  Chir.,  Bd.  Ixxiv,  1904,  p.  186. 

87.  Pancoast:  North  American  Med.-Chir.  Rev.,  1868. 

88.  Pawlik:  Wiener  klin.  Woch.,  1891,  Bd.  xli,  1814,  1815. 

89.  P^n:  Gazette  des  Hopitaux,  v,  68,  1895. 

90.  Pedersen,  James:  Med.  Rec.,  March  22,  1902. 

91.  Peterson:  Jour.  Am.  Med.  Aissn.,  Feb.  and  March,  1901. 

92.  Poisson:    ("Statistical  Summary  of  52  Cases  of  Exstrophy.")    Ann.  des  Mai. 

des  Organes  Genito-Urinaires,  1898,  No.  11. 

93.  Posner  and  Lewin:    Centralblatt  f.  die  Krankh.  der  Harn-  und  Sexual-Org., 

1896,  Bd.  vii,  Hft.  7  and  8. 

94.  Pozzi:  Rev.  de  Chir.,  1896. 

95.  Ransohoff :  Cincinnati  Lancet-Clinic,  1898,  p.  632. 

96.  Riedel:  Deutsche  med.  Wochenschr.,  1903,  p.  44. 

97.  Roberts:  Am.  Pract.  and  News,  Dec,  1900. 

98.  Robinson,  Byron:  "History  of  Cystoscopy,"  Detroit  Med.  Jour.,  Oct.,  1904. 
98a.  Rovsing:   Arch.  fQr  Chirurgie.  Ixxxii,  p.  1048. 

99.  Rutkowsky:  Centralblatt  fur  Chir.,  No.  16,  1899. 

100.  Rydygier:  Verhandlg.  der  Deutschen  Gesellsch.  ftir  Chir.,  1891,  Bd.  i,  175. 

101.  Scheube:  "  Diseases  of  Warm  Countries." 

102.  Segond:  Ann.  des  Maladies  des  Org.  Gdn.-Urin.,  1890,  vol.  viii. 

103.  Senn:  International  Clinics,  vol.  ii,  eighth  series. 

104.  Simon:  Lancet,  vol.  ii,  p.  25,  1852. 

105.  Sonnenberg:  Verhandlg.  der  Deutschen  Gesellsch.  ftlr  Chir.,  1881. 

106.  Spooner:  Med.  Record,  April  16,  1904. 

107.  Stein:  Jour,  of  Cutaneous  and  (ien.-Urinary  Dis.,  July,  1894. 

108.  Thiersch:  Verhandlung  der  Deutschen  Gesellsch.  fttr  Chirurgie,  1875,  Bd.  1, 16. 

109.  Trendelenburg:  Centralbl.  fttr  Chir.,  1885. 

110.  Ulmann:  Wiener  med.  Woch.,  1888. 

111.  von  Eiselsberg:  Bax,  Inaugural  Dissertation,  KOnigsberg,  1899.  , 

112.  von  Eiselsberg:  Deutsch.  Chirurgencongress,  1904. 

113.  Wagner:  Arch,  fttr  klin.  Chir.,  vol.  Ixxvi,  p.  525. 

114.  Waite:  Amer.  Jour,  of  Surg,  and  Gyn.,  Oct.,  1900. 

115.  Walker,  Edwin:  Jour.  Am.  Med.  Assn.,  Feb.  17,  1900. 

116.  Watson:  Ann.  of  Surg.,  Dec,  1905. 

117.  Weinreich:  Arch.  f.  klin.  Chir.,  vol.  Ixxx,  No.  4. 

118.  White  and  Martin:  "Genito- Urinary  and  Venereal  Diseases,"  1906. 

119.  Whiteside:  Ann.  des  Mai.  d.  Org.  G^n.-Urin.,  Jan.,  1906. 

120.  Wood:   Phila.  Med.  Times,  July,  1875;   Brit.  Med.  Jour.,  Feb.,  1880. 

121.  Wreden:   Blatter  fttr  klin.  Hydrotherapie  und  verwandte  Heilmethoden,  1895^ 

No.  5. 

122.  Wyeth:  N.  Y.  Med.  Jour.,  Oct.  19,  1901. 

123.  Young:  Johns  Hopkins  Hosp.  Rep.,  vol.  xiii,  1906. 


CHAPTER  LVIII. 
STONE  IN  THE  BLADDER. 

By  Arthur  Tracy  Cabot,  M.D., 

B06T0N. 

A  stone  in  the  bladder  is  a  concretion  which  the  bladder  is  unable  to 
expel  per  urethram  and  which  therefore  requires  surgical  interference 
for  its  removal. 

Physical  and  Chemical  Characteristics.— These  concretions  may 
be  classified  according  to  the  principal  calcareous  ingredient  which  enters 
into  their  composition,  and  may  be  divided  into  the  following  groups: 

1.  Uric  acid  stones,  composed  of  uric  acid  and  the  acid  urates. 

2.  Oxalic  acid  stones,  composed  of  oxalate  of  lime. 

3.  Phosphatic  stones,  which  contain  alkaline  phosphates  and  carbo- 
nates, not  infrequently  combined  with  urate  of  ammonia. 

Certain  other  organic  substances  which  are  found  in  the  urine  some- 
times exist  in  sufficient  amounts  to  form  calculi.  Cystin  is  the  most 
common  of  these.  Xanthin  and  indican  calculi  have  been  reported. 
Masses  of  cholesterin  and  fibrin  have  been  observed.  Hematoidin  and 
urinary  coloring-matters  are  also  found  in  stones;  usually  in  inconspic- 
uous quantities.  These  rare  constituents  of  urinary  calculi  have  interest 
in  connection  with  biologic  chemistry,  but  are  so  infrequent  as  to  have 
little  practical  importance. 

While  most  calculi  fall  naturally  into  one  of  the  three  classes  named 
above,  it  is  not  unusual  to  find  one  belonging  partly  in  one  group  and 
partly  in  another.  Thus  a  stone  with  a  uric-acid  nucleus  may  have  a 
layer  of  oxalate  of  lime  around  it,  and  again  outside  of  this  a  phosphatic 
layer. 

If  the  calcareous  parts  are  dissolved  out  of  a  stone,  an  albuminous 
mass  is  left  which  preser\'es  the  shape  of  the  stone.  This  basic  substance 
exists  in  all  calculi  and  ser\'es  as  a  framework  in  which  the  salts  are 
deposited.  Cystin  stones  have  less  of  this  albuminoid  basis  than  the 
other  urinary  calculi. 

The  investigations  of  Rainey,  Harting,  Ord,  Ebstein  and  others  have 
shown  the  importance  of  this  mucoid  skeleton  or  albuminous  matrix  in 
which  the  stone  is  deposited.  These  obser\'ers  have  shown  that  when 
colloid  or  albuminoid  substances  are  added  to  solutions  of  crystalline 
salts  a  change  takes  place  in  the  crystallization  of  these  salts.  They 
develop  in  such  media  a  tendency  to  deposit  in  spheroidal  shapes  and  to 
coalesce  in  rounded  forms.  This  tendency  was  called  by  Rainey  the  law 
of  "molecular  coalescence/'  and  the  importance  of  it  in  controlling  the 
formation  of  urinary  concretions  is  obvious. 
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Fio.  184. — Section  of  Stone  Having  a  Nucleus  of 
Urate  of  Soda,  a  Middle  Layer  of  Oxalate  of 
Lime,  and  an  Outside  Layer  of  Earthy  Phos- 
phates (after  Ultsmann). 


The  albuminoid  material  necessary  for  stone  formation  may  be  sup- 
plied by  pus,  blood,  or  by  bits  of  necrotic  tissue.  As  these  materials  are 
supplied  by  the  walls  of  the  urinary  passages,  it  would  seem  that  some 
irritation  of  these  passages  must  precede  the  formation  of  a  calculus. 

If  granulation  tissue 
forms  in  the  bladder,  its 
surface  secreting  albuminous 
material  is  a  favorable  nidus 
for  the  deposit  of  calcareous 
salts.  The  surface  of  a 
tumor  acts  often  in  a  similar 
way  to  set  in  operation  the 
formation  of  a  stone. 

The  concretion  when 
started  acts  as  an  irritant  to 
the  bladder  wall  and  so  con- 
tinues to  be  supplied  with 
an  albuminoid  envelope  in 
which  successive  layers  of 
spheroidal  crystals  are  de- 
posited. On  a  cross-section 
of  a  stone  may  be  seen  the 
concentric  layers  of  which  it  is  composed.  The  compactness  of  the 
different  layers  also  varies  considerably  even  when  the  constituents  are 
tolerably  uniform. 

Inspection  of  such  a  section  will  show  also  an  indistinct  striation 
radiating  from  the  center  out  through  the  concentric  rings.    This  arrange- 
ment  makes   distinct   lines   of  cleavage, 
which  we  shall  find  of  some  practical  im- 
portance when  we  discuss  the  subject  of 
spontaneous  fracture  of  stone. 

Color. — Stones  vary  in  color  according 
to  their  constitution.  Uric  acid  and  the 
urates  are  yellow  or  yellowish-red.  Oxalate 
of  lime  is  brown  or  gray  in  color,  often  so 
dark  as  to  be  practically  black.  Phos- 
phates and  carbonates  are  white,  shading 
off  into  gray. 

Consistence.  —  Urinary  stones  vary 
greatly  in  their  degree  of  hardness.  Oxa- 
late of  lime  stones  are  very  hard,  requiring 
great  force  to  crush  them.  Stones  made 
up  of  urates  are  somewhat  less  hard;  then 
come  stones   contaming   carbonates   and 

phosphates,  and  among  the  softest  stones  are  those  consistmg  of  pure 
uric  acid. 

In  some  stones  the  deposit  of  earthy  salts  is  very  scanty  and  the  cal- 
culus is  little  more  than  a  soft  mass  of  mortar.     Rarely  we  see  concre- 


FiG.    185. — A    Stone   Composed   of 

Earthy  Phosphates. 

In    the   central   portion   it   shows 

the    radiating    stri^,  surrounded   by 

outer  concentric  layers  (Ultsmann). 
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tions  in  which  the  earthy  portions  are  almost  wholly  absent  and  the  suc- 
cessive layers  are  made  up  of  tough,  coagulated  albuminous  material. 
These  albuminoid  masses  are  sometimes  of  considerable  size,  reaching  a 
diameter  of  two  inches  or  more.  Soft  layers  interposed  between  harder 
layers  greatly  weaken  the  resistance  of  the  stone  to  crushing  instruments. 

Shape. — The  shape  of  a  stone  is  determined  first  by  the  more  or  less 
even  deposition  of  the  calcareous  salts  upon  it;  secondly,  by  the  friction 
of  the  bladder  walls;  thirdly,  by  the  friction  of  other  stones;  lastly,  by 
the  molding  of  closely  surrounding  walls,  as  when  the  ^one  or  a  portion 
of  it  lies  in  the  ureter  or  urethra  or  in  a  pocket  in  the  bladder.  This 
molding  is  accomplished  by  an  interference  with  the  deposition  of  salts 
on  the  sides  of  the  stone  that  are  closely  hugged  by  the  containing  walls, 
so  that  the  growth  takes  place  most  rapidly  on  the  free  surfaces.  Also, 
the  walls  by  closely  grasping  the  stone  may  wear  away  the  surface  after 
it  has  been  formed.  Occasionally  a  stone  is  made  up  of  an  agglomera- 
tion of  several  stones,  which  cohere.  Great  irregularity  of  shape  may 
arise  from  this  arrangement. 

The  surface  of  a  stone  varies  according  to  the  constitution  of  its 
outermost  layer.  Uric  acid  or  the  urates  give  a  tolerably  smooth  surface; 
a  phosphatic  stone  is  somewhat  rougher  and  an  oxalate  of  lime  stone  has  a 
very  irregular,  often  prickly  or  knobby  surface  (mulberry  calculus). 

Multiple  Stones. — Stones  usually  exist  singly  in  the  bladder,  but  it 
is  not  an  infrequent  occurrence  to  find  more  than  one;  and  sometimes 
several  hundreds  are  found  in  one  bladder.  When  many  exist  they  are 
usually  small,  with  rounded  outlines.  As  they  become  larger  and  rub 
against  each  other  more  evenly  and  firmly,  they  wear  off  surfaces  and 
become  facetted.  This  is  especially  the  case  when  they  are  confined 
in  a  pocket  where  they  are  held  in  close  apposition. 

The  Spontaneous  Fracture  of  Stones. — ^That  stones  sometimes 
break  spontaneously  in  the  bladder  had  long  been  known,  but  Ord  was 
the  first  to  furnish  an  adequate  explanation  of  it.  Rainey  found  that 
spheres  of  carbonate  of  lime  which  had  been  formed  in  a  solution  of  gum 
would  split  up  radially  and  disintegrate  if  they  were  inunersed  in  solutions 
of  a  different  specific  gravity.  Ord  held  that  the  splitting  up  of  a  urinary 
calculus  was,  in  a  similar  way,  due  to  the  action  of  urine  of  a  different 
specific  gravity  and  reaction  from  that  in  which  the  calculus  formed. 
He  supposed  that  the  colloid  material  in  the  stone  swelled  by  imbibition 
of  urine  of  a  different  density,  and  that  the  nucleus,  becoming  thus  en- 
larged, broke  the  outer  enveloping  layers  by  an  ''explosive  disruption 
such  as  would  occur  in  a  thick-walled  shell.''  In  three  of  Ord's  cases 
the  fragments,  which  were  of  uric  acid,  were  covered  with  urate  of  am- 
monia, from  which  fact  he  argued  that  the  urine  had  become  alkaline, 
and  that  to  this  change  was  partly  due  its  action  on  the  colloids  of  the 
stone. 

Englisch*  has  pointed  out  that  the  rifts  and  ridges  which  start  from 

the  deep  layers  and  run  to  the  periphery  make  for  spontaneous  fracture. 

When  the  radiating  rifts  are  highly  developed  and  reach  the  surface  of 

♦Englisch:  Arch.  f.  klin.  Chir.,  Ixxvi,  961,  1905. 
VOL.  IV — 22 
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the  stone,  they  come  in  contact  with  the  urine  in  the  bladder.  This  can 
then  bring  al>out  solution  of  the  substances  in  the  clefts,  and  reaching 
the  deeper  layers  and  providing  increase  of  volume  in  them  or  by  gas 
formation  may  produce  a  breaking  up  of  the  stone. 

This  explanation  differs  little  from  that  given  by  Ord  many  years 
ago. 

It  seems  probable  that  some  of  the  reported  cases  of  solution  of  stone 
in  the  bladder  by  the  drinking  of  lithia  or  other  spring-waters  are  instances 
of  spontaneous  fracture  due  to  a  great  thinning  of  the  urine  by  the  ex- 
cessive water-drinking. 

Etiology. — In  considering  the  circumstances  that  lead  to  stone 
formation  we  have  two  sets  of  causes  to  investigate. 


>?fcji*f 


v^i 


Fig.  186. — Spontaneous  Fracture  of  Stone. 
Photograph  of  a  specimen  in  the  Norwich  and  Norfolk  Hospital  (obtained  through  the  kind- 
ness of  Mr.  Ballance).  The  specimens  were  from  a  post-mortem  in  a  case  not  operated  on.  The 
section  of  a  stone  (a)  shows  the  urate  nucleus  with  thick  shell  of  carbonates  and  phosphates  about 
it.  This  outer  shell  has  be^un  to  split  radially,  showing  the  method  of  spontaneous  fracture.  The 
other  fragments  are  the  results  of  an  old  spontaneous  fracture.  Their  rounded  edges  show  that 
they  have  lain  long  in  the  bladder  since  breaking  apart.  Probably  they  formed  onginally  on  the 
urate  nucleus;  then  after  they  broke  off  from  it,  the  shell  reformed  and  this  second  shell  is  now 
splitting  off. 

First,  the  general  conditions  and  tendencies,  diathetic  and  othei*wise, 
that  induce  the  overproduction  in  the  system  of  the  materials  which  are 
deposited  from  the  urine  in  the  shape  of  calculi;  and,  secondly,  certain 
local  conditions  which  favor  the  deposition  of  these  solids  out  of  the  urine. 

Locality. — ^That  the  distribution  of  stone  is  irregular,  it  being  much 
more  abundant  in  some  countries  and  localities  than  in  others,  has  been 
variously  explained.  It  is  probably  due  to  the  habits  of  the  people,  in 
ways  of  living,  and  selection  of  food  and  drink,  rather  than  to  telluric  or 
atmospheric  influences. 

Heredity. — That  heredity  may  have  an  influence  in  determining  a 
predisposition  to  stone  is  undoubtedly  true,  and  many  instances  are 
reported  in  which  the  uric-acid  diathesis  has  existed  through  several 
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generations  in  a  family,  and  has  made  its  members  liable  to  the  occurrence 
of  calculous  disease.  Whether  a  tendency  to  oxaluria  or  phosphaturia 
is  similarly  transmissible  is  not  so  clear.  The  influence  of  heredity  has 
been  evoked  as  one  factor  leading  to  the  frequency  of  stone  in  certain 
neighborhoods,  where  generations  of  intermarriage  might  fix  calculous 
tendencies  on  the  people. 

Diet  and  Habit. — ^The  influence  of  diet  and  of  habits  of  life  upon  the 
excretion  of  uric  acid  and  oxalate  of  lime  is  unquestioned.  Thus,  the 
customs  of  a  people,  their  ways  of  living,  and  their  choice  of  food,  may 
have  a  decided  influence  on  the  frequency  of  stone  among  them.  Uric 
acid  and  oxalate  of  lime  are  often  found  abundantly  in  the  urine  of  poorly 
nourished  children,  in  whom  the  processes  of  digestion  and  of  oxidation 
of  tissues  are  imperfectly  accomplished;  also  in  older  individuals  who 
take  large  quantities  of  nitrogenous  food,  and  whose  functions  are  slug- 
gishly performed.  It  is  therefore  in  these  two  classes  that  acid  stones 
most  commonly  form.  Thompson  has  pointed  out  the  fact  that  stone 
is  common  among  the  children  of  the  poor,  while  among  the  rich  it  spares 
the  children  and  appears  among  the  old  men.  This  observ^ation  refers 
only  to  primary  calculi;  for  secondary  calculi,  due  to  fermentation  of 
the  urine,  are  more  common  among  the  aged  poor,  who  pay  but  little 
regard  to  a  moderate  cystitis.  In  the  case  of  oxalate  of  lime,  its  appear- 
ance in  the  urine  may  come  about  in  a  way  even  more  direct;  for  the 
ingestion  of  certain  articles  of  food  that  contain  vegetable  acids  abundantly 
often  leads  at  once  to  the  deposition  of  large  amounts  of  oxalate  of  lime 
in  the  urine.  Chismore  has  found  oxalate-of-lime  stones  disproportion- 
ately abundant  on  the  Pacific  coast  of  North  America,  and  is  inclined  to 
ascribe  this  to  the  fruit-eating  habits  of  the  people. 

Diathesis. — ^The  association  of  stone  with  gout  and  rheumatism  is 
so  well  recognized  as  only  to  require  mention. 

In  some  diseases  of  the  liver  and  spleen  an  excess  of  uric  acid  is  ob- 
serv^ed  and  the  formation  of  a  stone  under  these  circumstances  has  been 
recorded. 

When  we  consider  phosphatic  stones  we  find  that  while  such  a  stone 
may  occasionally  result  from  the  phosphatic  diathesis,  it  is  far  more 
common  to  see  a  stone  of  this  kind  as  the  result  of  a  local  process. 

Alkaline  Fermentation. — In  chronic  cystitis,  sooner  or  later  the 
urine  becomes  alkaline  and  throws  down  crystals  of  triple  phosphates 
and  other  alkaline  salts.  The  condition  that  especially  favors  alkaline 
fermentation  is  partial  retention  (residual  urine).  This  is  usually  the 
result  of  some  obstruction  by  enlarged  prostate  or  stricture.  Rarely 
atony  of  the  bladder  leads  to  the  same  condition.  An  obstruction  favors 
stone  formation  not  only  by  causing  alkaline  fermentation  but  also  by 
retaining  crystals  or  small  concretions  which  a  healthy  bladder  would 
be  able  to  expel. 

Symptomatology. — If  a  stone  in  the  bladder  forms  upon  a  renal  stone 
which  has  foimd  its  way  down  through  the  ureter,  we  have  a  history 
of  renal  colic,  followed  later  by  a  gradually  increasing  vesical  irritation. 
A  stone  which  forms  primarily  in  the  bladder  may  reach  a  considerable 
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size  before  it  gives  rise  to  symptoms  which  call  attention  to  its  presence. 
On  the  other  hand,  a  very  small  stone  may  cause  so  much  irritation  as  to 
give  rise  to  aggravated  symptoms. 

It  is  rare  to  see  a  case  of  stone  exhibiting  all  of  the  characteristic 
symptoms.  Some  of  them  are  usually  quite  pronounced,  while  others 
may  be  absent  or  but  slightly  noticed. 

Increased  frequency  of  urination  is  present  in  all  inflammatory 
conditions  of  the  bladder  and  is  early  noticed  in  cases  of  stone.  The 
frequent  micturition  due  to  stone  is  usually  marked,  and  sometimes  so 
extreme  that  the  patient  urinates  every  few  minutes.  When  a  considera^ 
ble  degree  of  tenesmus  exists,  there  may  be  almost  constant  spasm  of  the 
bladder,  accompanied  at  times  by  spasm  of  the  rectum  and  even  by 
prolapse  of  the  bowel. 

The  frequency  caused  by  a  stone  is  increased  by  motion  and  is  usually 
diminished  at  night  during  recumbency.  This  is  the  reverse  of  what  is 
true  in  the  frequency  caused  by  enlarged  prostate,  which  is  often  greatest 
at  night,  and  especially  in  the  latter  part  of  the  night. 

Sudden  Stoppage  of  the  Urine. — When  the  stone  is  drawn,  by  the 
outflowing  stream  of  urine,  against  the  internal  orifice  of  the  urethra, 
it  causes  a  sudden  stoppage  of  the  flow  with  a  sharp  pain.  This  symptom 
occurs  more  commonly  in  the  undistorted  bladder  of  youth  and  middle 
age.  When  in  old  age  enlargement  of  the  prostate  has  raised  the  urethral 
orifice  and  formed  a  post-prostatic  pouch,  the  stone  does  not  so  readily 
fall  against  the  urethra. 

Pain  caused  by  stone  in  the  bladder  varies  greatly  in  intensity,  but 
has  special  characteristics  which  make  it  the  most  valuable  symptom 
we  have  for  diagnosis.  It  may  appear  as  a  general  sense  of  weight  and 
discomfort  above  the  pubes,  in  the  perineum,  or  in  the  rectum.  When 
more  severe,  it  may  be  felt  as  a  cutting  or  pricking.  These  pains  show 
a  tendency  to  shoot  out  along  the  urethra.  Usually  a  considerable  part 
of  the  pain  felt  is  referred  to  the  end  of  the  penis.  In  children  a  length- 
ened prepuce  often  results  from  constant  pulling  at  it  in  the  effort  to 
relieve  this  penile  pain.  Occasionally  a  patient  refers  the  pain  wholly 
to  the  rectum  and  has  a  sensation  as  if  a  paper  of  pins  were  in  the  lower 
bowel.  The  pain,  wherever  felt,  is  usually  increased  at  the  end  of  urina- 
tion. This  is  due  to  the  irritation  of  the  stone  as  the  bladder  closes 
down  upon  it.  This  increase  of  pain  after  urination  may  be  absent  in  a 
bladder  that  does  not  completely  empty  itself. 

The  notable  and  characteristic  thing  about  the  pain  of  vesical  calcu- 
lus is  its  aggravation  by  motion.  Jolting  in  a  wagon  is  very  trying  to 
these  patients  and  twinges  of  pain  may  be  produced  if  the  patient  rises 
on  his  toes  and  then  comes  down  hard  on  his  heels.  Even  quiet  walking 
causes  at  times  great  suffering,  and  some  patients  cannot  turn  in  bed 
w^ithout  an  added  twinge. 

Reflex  Pains. — Besides  the  pain  caused  directly  by  the  contact  of  the 
stone  with  the  sensitive  bladder,  we  sometimes  find  reflex  pains  in  dis- 
tant parts.  These  pains  are  referred  to  the  hips,  to  the  thighs,  and  even 
to  the  lower  leg  and  foot,  also  occasionally  to  the  shoulders  and  arms. 
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The  condition  of  the  urine  varies  greatly  in  cases  of  stone.  If  the 
stone  has  not  caused  much  bladder  initation,  the  urine  may  be  nearly 
clear  to  the  eye.  Even  in  these  cases,  however,  the  microscope  will 
show  the  presence  of  small  quantities  of  pus  and  blood,  with  crystals  of 
uric  acid  or  oxalate  of  lime. 

As  the  bladder  irritation  increases,  the  urine  becomes  more  and  more 
cloudy,  and  if  the  amount  of  blood  is  appreciable,  it  may  assume  a  smoky 
appearance.  If  the  urine  becomes  alkaline,  the  pus  takes  on  a  gelatinous, 
ropy  condition,  often  stamed  with  blood. 

Hematuria. — ^As  has  been  said,  a  small  amount  of  blood  is  always  to 
be  found  in  the  sediment.  Not  infrequently  it  appears  in  sufficient 
amount  to  highly  color  the  urine  or  even  to  lead  to  the  formation  of  con- 
siderable clots  in  the  bladder.  The  appearance  of  blood  or  its  increase  in 
the  urine  after  prolonged  motion  and  its  relative  disappearance  during 
rest  is  a  characteristic  accompaniment  of  stone. 

Occasionally  the  blood  appears  mainly  at  the  end  of  urination,  a  few 
drops  being  squeezed  out  as  the  bladder  closes  down  on  the  rough  stone. 
In  a  patient  with  the  hemorrhagic  diathesis  or  in  cases  of  greatly  congested 
prostate  the  bleeding  caused  by  a  stone  may  reach  serious  proportions. 

Diagnosis. — Various  conditions  of  the  urinary  organs  may  pro- 
duce symptoms  closely  resembling  those  of  stone  in  the  bladder.  Inflam- 
matory conditions,  tuberculosis,  and  new-growths  of  the  bladder  and 
prostate,  and  stone  or  tuberculosis  of  the  kidney,  may  be  difficult  or 
impossible  to  differentiate  by  the  symptoms  alone.  Stricture  or  chronic 
inflammation  of  the  urethra  and  neuralgia  of  the  neck  of  the  bladder  may 
cause  s3anptoms  at  times  misleading. 

As  has  been  said  above,  the  distinct  aggravation  of  pain  on  motion  is 
often  very  characteristic  in  cases  of  stone.  When  an  increase  of  blood 
in  the  urine  also  appears  after  exercise,  the  evidence  in  favor  of  stone 
becomes  very  strong. 

The  only  sure  means  of  settling  the  diagnosis  is  by  physical  ex- 
amination.   This  examination  may  be  conducted  in  a  variety  of  ways. 

1.  Digital  exploration  through  the  rectum  or  vagina. 

2.  Exploration  with  searcher  or  sound,  including  examination  with  a 
lithotrite. 

3.  Exploration  with  a  litholapaxy  pump. 

4.  Examination  with  a  cystoscope. 

5.  Digital  exploration  through  the  dilated  urethra  in  woman,  or 
through  a  median  perineal  opening  (boutonni^re)  in  man. 

6.  Digital  and  ocular  examination  through  a  suprapubic  opening. 

1.  By  the  usual  bimanual  rectal  or  vaginal  examination  a  stone  may 
be  felt  not  infrequently,  and  its  approximate  size  may  be  made  out. 
This  examination  is  easy  and  especially  valuable  in  children.  During 
the  search  with  instruments  in  the  bladder  the  finger  in  the  rectum  may 
be  of  service  by  lifting  a  stone  in  a  post-prostatic  pouch  up  to  the  sound. 
In  case  of  a  sacculated  stone  the  finger  may  aid  the  sound  in  locating  the 
stone. 

2.  Exploration  with  a  searcher  is  familiarly  known  as  *' sounding  for 
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stone."  A  metallic  instrument  is  used,  and  the  contact  with  the  stone  is 
perceived  by  the  sense  of  touch.  The  sensations  conveyed  through  the 
instrument  to  the  hand  are  of  two  sorts,  either  a  sharp  shock  of  impact  or 
a  scratching  sensation  produced  as  the  instrument  slips  over  the  surface 
of  the  stone. 

The  searcher  should  have  a  shape  to  permit  of  its  ready  introduction 
and  easy  manipulation  within  the  bladder.  A  hard  metal  gives  a  more 
distinct  sense  of  contact  than  a  soft  one.  The  accompanying  illustration 
(Fig.  187)  shows  the  form  of  searcher  usually  preferred.  The  shaft  is 
thin  (No.  12  to  15  French  scale)  so  that  it  may  lie  loosely  in  the  urethra, 
and  be  easily  moved  to  and  fro  or  rotated.  The  beak  is  somewhat  larger 
with  rounded,  blunt  end  so  that  it  may  slide  easily  through  the  urethra 
and  over  the  walls  of  the  bladder,  is  rather  short  and  set  at  an  angle  of 
about  120  degrees  with  the  staff.  An  instrument  of  this  form  can  be 
easily  rotated  in  the  bladder  and  will  sweep  around  close  to  the  neck  of 
the  bladder  and  so  reach  a  stone  close  behind  the  prostata. 

The  Operation  of  Sounding. — Whether  anesthesia  shall  be  used 
for  sounding  must  l)e  decided  in  each  case  for  itself.  Li  children,  general 
anesthesia  is  almost  essential.  In  adults,  sounding  may  usually  be  accom- 
plished satisfactorily  without  general  anesthesia.     In  sensitive  cajses  a 
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Fig.  187. — Cabot's  Stekl  Searcher. 

5  per  cent,  solution  of  cocain  injected  into  the  urethra  and  bladder  and 
held  there  for  ten  minutes  will  render  the  subsequent  manipulations  prac- 
tically painless. 

When  the  deep  urethra  is  rigid  from  enlargement  of  the  prostate  or 
from  any  other  cause,  and  when  the  bladder  is  contracted  and  spasmodic, 
general  anesthesia  is  essential  to  a  thorough  and  satisfactory  sounding. 
In  such  a  case  preparation  for  the  removal  of  the  stone  should  be  made, 
so  that  the  shock  and  inconvenience  of  two  sittings  of  anesthesia  and 
instrumentation  may  be  avoided. 

Sounding  should  be  conducted  with  the  patient  in  a  horizontal  posi- 
tion. The  bladder  should  be  moderately  distended  with  water  so  as  to 
permit  of  the  easy  manipulation  of  instruments  within  it,  and  to  preclude 
the  possibility  of  the  stone  being  concealed  within  its  folds  when  collapsed. 

The  searcher  is  similar  in  shape  to  the  lithotrite,  and  the  proper  method 
of  introducing  an  instrument  of  this  form  will  be  described  in  the  considera- 
tion of  lithotrity. 

When  it  reaches  the  bladder  the  instrument  should  be  carried  to  the 
most  dependent  part.  If  the  stone  is  not  at  once  touched,  the  beak 
should  be  rotated  from  side  to  side  and  then  withdrawn  a  little,  and  again 
rotated,  and  so  on  until  the  face  of  the  prostata  is  reached.  In  this  way 
the  whole  floor  of  the  bladder,  where  the  stone  usually  rests,  will  be 
searched. 
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If  the  prostate  is  enlarged,  the  handle  should  be  then  depressed  and 
the  beak  rotated  through  the  post-prostatic  pouch,  where  a  stone  often 
lurks.  The  lateral  walls  should  then  be  searched.  They  may  be  reached 
by  carrying  the  handle  first  toward  one  leg  and  then  toward  the  other. 
The  upper  wall  of  the  bladder  may  be  reached  by  depressing  the  handle 
well  between  the  thighs.  This  maneuver  will  also  bring  the  beak  in  con- 
tact with  a  stone  lying  on  top  of  an  enlarged  third  lobe  of  the  prostate. 

Finally,  if  the  stone  has  not  been  found  and  if  the  operator  is  using 
a  hollow  searcher,  the  bladder  may  be  slowly  emptied,  so  that  as  it  shuts 
down  the  stone  may  be  brought  against  the  instrument.  Keyes  advises 
that  this  be  done  with  the  patient  standing  upright  or  leaning  slightly 
forward.  As  the  water  runs  out,  the  beak  of  the  searcher  should  be  kept 
close  to  the  prostate  and  rotated  gently  from  side  to  side.  He  says  that 
a  stone  rarely  eludes  this  examination. 

Sources  of  Error  in  Sounding. — (a)  The  searcher  may  not  enter  the 
bladder.  It  sometimes  happens  in  cases  of  enlarged  prostate  that  the 
sound  has  been  arrested  in  the  prostatic  urethra  and  has  such  a  degree  of 
mobility  that  it  is  thought  to  be  in  a  contracted  bladder.  This  mistake  is 
unlikely  to  occur  in  an  examination  under  ether. 

(b)  A  small,  light  stone  may  give  too  little  shock  of  contact  to  be 
perceived  by  the  sound. 

(c)  A  stone  may  be  so  enveloped  in  mucus  or  blood  that  the  sound 
cannot  be  brought  in  contact  with  it. 

(rf)  An  encapsulated  stone  may  be  out  of  reach  of  the  searcher. 

(e)  Sometimes  the  mistake  is  made  of  thinking  that  a  stone  is  felt 
where  none  exists.  A  tumor  incrusted  with  lime  salts  may  be  mistaken 
for  a  stone.  This  may  be  suspected  if  the  stone  is  always  felt  in  a  part 
of  the  bladder  where  it  would  not  be  kept  by  gravity.  A  stone  partly 
projecting  from  a  pocket  and  a  stone  formed  upon  an  ulcerated  surface, 
and  so  adherent  to  the  bladder  wall,  would  give  the  same  sensation,  so 
that  a  diagnosis  between  these  conditions  may  be  impossible  with  the 
searcher.  When  a  hollow  searcher  is  used,  the  rush  of  water  into  it 
when  it  reaches  the  bladder  may  give  a  shock  so  exactly  like  a  stone  as  to 
deceive  the  most  practised  touch. 

Some  of  the  above  sources  of  error  may  be  avoided  by  using  a  litho- 
trite  for  sounding.  A  stone  too  light  and  small  to  be  felt  with  the  searcher, 
or  one  enveloped  in  mucus,  may  be  perceived  w^hen  grasped  in  the  jaws 
of  the  lithotrite.  In  sounding  with  this  instrument  it  is  sometimes 
possible  to  tell  whether  more  than  one  stone  exists,  for  with  one  stone 
held  firmly  in  its  jaws  the  lithotrite  may  be  used  for  further  search. 

When  a  stone  is  touched,  it  may  be  possible  to  tell  whether  its  surface 
is  rough  or  smooth,  and  something  may  be  learned  of  its  consistence  by 
sharpness  of  the  ring  which  the  instrument  makes  against  it. 

The  attempt  is  sometimes  made  to  judge  of  the  size  of  a  stone  by  the 
searcher.  This  is  done  by  carrying  the  beak  to  the  further  end  of  the 
stone  and  then  gradually  withdrawing  the  instriunent  along  the  side  of 
the  stone,  tapping  gently  against  it,  until  the  nearer  end  is  reached.    A 


344  STONE   IN  THE  BLADDER. 

much  more  accurate  way,  of  course,  is  by  seizing  the  stone  with  the 
lithotrite. 

Sounding  boards  and  stethoscope  tubes  connected  with  tlie  searcher 
to  make  contact  with  the  stone  audible  to  the  ear  are  interesting  devices, 
but  of  no  practical  assistance. 

Exploration  with  Litholapaxy  Pump. — Bigelow  pointed  out  the 
value  of  the  evacuating  pump  as  a  searcher  for  small  stones  that  elude 
the  sound  and  lithotrite.  Small  calculi  that  are  free  in  the  cavity  of  the 
bladder  are  either  drawn  out  by  the  pump,  or,  if  too  large  to  pass  the 
tube,  are  drawn  against  its  orifice  with  a  click  which  is  easily  recognized. 

One  source  of  error  is  to  be  noted:  namely,  if  the  bladder  wall  is  sud- 
denly sucked  against  the  tube,  the  shock  may  stir  some  of  the  joints  of 
the  apparatus  and  cause  a  click  very  like  that  produced  by  a  stone.  The 
expert  hand  usually  recognizes  the  soft  thud  of  the  bladder  wall,  and, 
if  the  bladder  is  then  a  little  more  tensely  filled,  the  wall  is  no  longer 
drawn  against  the  tube  and  the  click  is  not  repeated.  Air  in  the  evacua^ 
tor  may  cause  a  bubbling  which  makes  the  perception  of  a  slight  click 
difficult. 

Examination  with  the  Cystoscope. — Usually  the  presence  of  a  stone 
may  be  determined  by  simpler  methods  of  examination.  It  sometimes 
happens,  however,  that  small  calculi  escape  detection  by  the  sense  of 
touch  and  cannot  be  easily  seized  by  the  lithotrite  in  an  unanesthetized 
patient.  In  such  cases  the  cystoscopic  examination  is  most  valuable, 
and  often  detects  the  cause  of  the  unexplained  bladder  irritation.  En- 
cysted calculi  may  also  be  thus  detected  as  well  as  incrustations  of  the 
bladder  walls. 

Besides  the  immediate  recognition  of  the  stone,  much  may  be  learned 
through  the  cystoscope  as  to  the  other  conditions  of  the  bladder  (saccular 
tion,  prostatic  outgrow- th,  or  other  new-growths)  which  will  be  of  value 
in  leading  to  a  proper  selection  of  operation. 

x-Ray  Examination. — Under  some  conditions  a  radiograph  may 
serve  a  good  purpose.  If  a  stone  is  so  buried  in  a  pocket  that  it  does  not 
project  into  the  vesical  cavity,  it  may  be  impossible  to  discover  it  by 
other  means.  The  existence  of  an  opaque  foreign  body  serving  as  the 
nucleus  of  a  stone  may  be  thus  determined. 

The  surrounding  bony  walls  sometimes  make  this  examination  a 
difficult  one,  but  by  so  arranging  the  exposure  that  the  rays  traverse  the 
pelvis  in  a  direction  parallel  to  its  axis  satisfactory  results  may  usually 
be  obtained. 

Digital  Exploration  of  the  Bladder. — It  must  be  a  rare  occurrence 
for  a  stone  to  escape  detection  by  the  methods  of  exploration  already 
described.  Occasionally,  however,  it  may  be  so  concealed  in  a  pocket 
that  it  can  neither  he  touched  by  a  searcher,  drawTi  out  by  a  pump,  nor 
seen  with  a  cystoscope.  The  female  bladder  in  such  case  of  doubt  can  be 
explored  by  the  finger  introduced  through  the  dilated  urethra.  The 
male  bladder  can  he  similarly  examined  by  the  finger  introduced  through 
a  median  perineal  incision  into  the  membranous  urethra  and  so  through 
the  prostatic  urethra.     For  the  puipose  of  this  examination  the  bladder 
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should  be  empty  so  that  all  parts  of  its  wall  can  be  brought  down  against 
the  examining  finger.  The  other  hand  pressing  above  the  pubes  makes 
this  bimanual  search  a  very  thorough  one. 

The  disadvantage  of  this  method  of  examination  is  that  the  perineal 
route  is  a  narrow  one  and  does  not  afford  room  for  any  considerable 
manipulation  within  the  bladder.  If,  therefore,  a  sacculated  stone  is 
found,  it  is  probable  that  a  suprapubic  incision  will  be  needed  to  enable 
the  operator  to  properly  deal  with  it.  Moreover,  in  a  fat  man  with  deep 
perineum  or  where  the  prostate  is  much  enlarged  it  may  be  impossible 
to  reach  the  bladder  through  the  perineum.  For  these  exceptional  cases 
a  suprapubic  incision  is  required  for  thorough  examination.  Through 
this  opening  the  whole  bladder  can  be  readily  explored  and  sufficient 
room  is  afforded  to  properly  handle  any  condition  foimd. 

Treatment. — ^The  consideration  of  the  treatment  of  stone  in  the 
bladder  may  be  properly  divided  into:  (1)  Preventive  treatment;  (2) 
solvent  treatment;  (3)  operative  treatment. 

Preventive  Treatment. — The  presence  of  calcareous  material  in  the 
urine  or  the  occurrence  of  renal  colic  may  give  the  warning  which  leads 
to  the  adoption  of  preventive  measures.  Again,  in  the  presence  of  con- 
siderable cystitis  with  mucus  it  should  always  be  remembered  that  such 
a  condition  is  favorable  to  stone  formation  and  measures  should  be  at 
once  taken  to  prevent  this,  if  possible.  Usually  it  is  only  after  an  opera- 
tion for  the  removal  of  a  stone  that  treatment  is  instituted  to  prevent  its 
recurrence.  The  proper  measures  will  depend  upon  the  kind  of  a  stone 
which  has  been  removed  or  on  the  character  of  the  sand  which  has  been 
passed.  In  case  of  uric-acid  or  oxalate-of-lime  stone  the  treatment  must 
be  directed  to  the  constitutional  condition  which  favors  such  deposits. 
These  patients  should  observe  the  rules  of  diet  suitable  to  a  gouty  or 
rheumatic  individual. 

Exercise  is  of  very  great  importance.  It  should  be  sufficiently  violent 
to  give  rise  to  perspiration.  This  stimulates  the  digestion,  furthers  the 
tissue  changes  of  the  body,  and  assists  elimination  through  the  skin. 

The  management  of  the  bowels  is  of  great  importance  in  patients  of 
gouty  tendencies.  Saline  laxatives  are  thought  to  be  especially  efficacious. 
They  are  believed  to  act  upon  the  liver  as  well  as  upon  the  intestines,  and 
they  are  undoubtedly  of  great  tenefit  in  the  treatment  of  patients  of 
constipated  habit  with  tendency  to  uric  acid  formation. 

Patients  having  uric  acid  crystals  in  their  urine  should  drink  enough 
water  to  keep  the  urine  in  a  tolerably  dilute  condition.  It  is  well  to  take 
a  considerable  portion  of  this  water  between  meals  so  as  not  to  interfere 
with  digestion.  When  in  spite  of  all  these  precautions  crystals  continue 
to  show  themselves  in  the  urine,  it  is  wise  to  administer  some  solvent. 
Salts  of  lithia  or  of  lithia  combined  with  potash  may  be  usually  depended 
upon  to  accomplish  this  result.  Piperazin  is  another  powerful  solvent 
of  uric  acid  and  is  often  of  great  service.  When  the  tendency  is  to  the 
fonnation  of  oxalate  of  lime  crystals,  the  general  treatment  is  the  same 
as  in  the  presence  of  uric  acid.  It  is,  however,  also  important  to  prohibit 
the  use  of  fruits  containing  vegetable  acid.     Of  these,  rhubarb  (rheum 
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ponticum),  oranges,  grape  fruit,  strawberries,  and  tomatoes  are  to  be 
prohibited. 

Phosphaturia  of  constitutional  origin  may  usually  be  relieved  by  the 
exhibition  of  nitro-muriatic  acid.  A  patient  having  this  tendency  should 
also  be  carefully  instructed  as  to  hygienic  measures,  exercises,  and  relief 
from  care.  When  cystin  is  being  eliminated  in  the  urine,  the  use  of  car- 
bonate of  ammonia  will  usually  bring  about  its  disappearance. 

When  the  tendency  is  to  the  formation  of  phosphatic  stones  secondary 
to  local  conditions  in  the  bladder,  the  administration  of  urinary  antisep- 
tics which  correct  the  alkalinity  of  the  urine  are  of  undoubted  advantage. 

Local  Treatment  Directed  to  the  Prevention  of  Stone, — ^As  there  are  many 
local  conditions  in  the  bladder  which  favor  the  formation  of  stone,  it  is 
evident  that  local  treatment  may  often  be  of  great  service  in  preventing 
such  formation. 

The  bladder  which  does  not  empty  itself  should  be  emptied  with  the 
catheter  from  time  to  time,  or  an  operation  to  remove  the  obstruction 
should  be  done.  If  the  residual  urine  shows  a  tendency  to  ferment 
and  to  become  alkaline,  the  bladder  should  be  carefully  irrigated  in  order 
to  remove  the  mucus  and  the  crystals  which  deposit  in  it.  When  there 
is  a  suspicion  that  a  concretion  has  started  in  the  bladder,  it  is  well  to 
wash  the  bladder  out  with  the  litholapaxy  pump  under  cocain  anesthesia, 
or  even  without,  in  a  patient  not  unusually  sensitive. 

Solvent  Treatment  of  Stone. — We  have  no  experience  which  gives 
us  encouragement  to  attempt  to  bring  about  the  solution  of  stone  in  the 
bladder.  It  is  plain  that  only  the  smallest  stones  could  be  thus  affected, 
and  for  these  the  litholapaxy  pump  offers  so  easy  a  method  of  removal 
that  it  is  quite  illogical  to  depend  upon  the  slower  effect  of  a  solvent. 

Operative  Treatment  of  Stone.—Operations  for  stone  in  the 
bladder  date  back  at  least  to  the  beginning  of  the  Christian  era.  In 
the  earlier  operations  the  bladder  was  reached  by  incisions  through  the 
perineum.  These  were  made  without  a  guide.  The  stone  was  pulled 
down  against  the  neck  of  the  bladder  by  the  fingers  introduced  into  the 
rectum,  and  was  then  cut  down  upon.  This  method  was  especially 
adapted  to  children,  but  in  favorable  cases  was  applied  to  adults. 

In  1533  the  use  of  a  guide  in  the  urethra  was  introduced,  and  this 
gave  the  operation  greater  precision.  Through  a  median  incision  in  the 
perineum  the  urethra  was  opened,  dilating  instruments  were  passed  into 
the  bladder,  and  the  prostatic  urethra  was  stretched  sufficiently  to  allow 
of  the  extraction  of  stones  of  moderate  size.  The  need  for  more  room 
soon  led  to  incisions  of  the  prostate  being  practised.  Franco  introduced 
the  use  of  the  concealed  bistoury  for  the  prostatic  incision.  Franco  also 
was  led  in  a  difficult  case  to  an  incision  above  the  pubes  (the  suprapubic 
operation).  He  did  not  recognize  the  value  of  this  operation  and  it  fell 
into  disuse  for  many  years. 

The  lateral  incision  in  the  perineum  came  into  use  about  the  begin- 
ning of  the  eighteenth  century;  and  this  was  variously  modified  (bilateral, 
medio-bilateral,  rectovesical,  etc.),  but  without  material  increase  of 
efficiencv. 
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In  1824  Civiale  crushed  a  small  stone  with  a  three-branched  instru- 
ment introduced  through  the  urethra.  Even  with  this  imperfect  instru- 
ment he  satisfactorily  demonstrated  the  possibility  of  dealing  with  stones 
in  this  way.  The  form  of  the  lithotrite  was  after  this  rapidly  developed, 
and  the  operation  of  lithotrity  became  an  established  procedure. 

In  1878  Bigelow  introduced  his  operation  of  litholapazyf  which  com- 
bined the  thorough  crushing  and  complete  evacuation  of  the  stone  in  one 
operation.  At  about  the  same  time  the  introduction  of  aseptic  methods 
and  other  improvements  of  technic  so  diminished  the  mortality  of  the 
suprapubic  operation  that  it  came  to  the  front  and  gradually  superseded 
the  perineal  incisions. 

After  this  glance  at  the  historical  sequence  of  events  in  the  develop- 
ment of  stone  operations  we  will  proceed  to  a  consideration  of  their 
applicability  to  patients  with  stone  under  varying  circumstances. 

General  Considerations  Affecting  Choice  of  Operation. — Many  sur- 
geons when  dealing  with  a  stone  in  the  bladder  make  choice  of  the 
operation  with  which  they  are  most  expert  and  for  which  they  have  the 
proper  surgical  outfit.  For  this  reason  many  patients  are  subjected  to 
cutting  operations  for  whom  litholapaxy  would  be  more  appropriate  and 
safer.  This  practice  is  unfortunate  and  can  never  give  as  good  results  as 
are  obtained  by  the  man  who  is  equally  expert  in  all  methods,  and  who, 
appreciating  the  influence  which  varying  conditions  should  have  on  his 
choice  of  procedure,  decides  each  case  for  itself  and  selects  the  operation 
which  best  avoids  the  dangers  surrounding  that  particular  patient. 

The  question  of  comparative  danger  is  not  the  only  one  to  consider 
in  choosing  the  operative  procedure.  The  possible  interference  vdth.  the 
functions  of  the  patient  and  the  completeness  of  cure  must  also  be  taken 
into  the  account. 

Comparative  Danger. — The  rates  of  mortality  after  any  of  these  opera- 
tions vary  greatly  with  the  age  of  the  patient.  The  death-rate  in  children 
and  young  adults  after  any  operation  on  the  bladder  is  less  than  it  is  in 
advanced  life.  For  the  purposes  of  this  study,  therefore,  cases  should 
be  grouped  in  three  categories:  (1)  Children  to  the  age  of  fourteen; 
(2)  adults  from  fourteen  to  fifty;  (3)  old  men  from  fifty  upward. 

The  ages  of  fourteen  and  fifty  mark  more  or  less  accurately  certain 
epochs  in  the  development  and  decay  of  the  genito-urinary  organs.  At 
about  fourteen,  the  approach  of  puberty  brings  changes  in  the  size  and 
sensibility  of  these  organs;  and  at  fifty,  senile  changes  in  the  bladder  and 
prostate  begin  to  appear  and  to  interfere  with  the  functions  of  those  parts. 

In  the  following  table  are  given  percentages  of  mortality  which  fur- 
nish a  sufficiently  accurate  measure  of  the  dangers  surrounding  each. 


(1)  Children  under  fourteen . 

(2)  Adults  fourteen  to  fifty. 

(3)  Old  men 


Suprapubic 

LiTHOTOMT. 


Litholapaxy.  Lateral  Lithotomy. 


10  per  cent. 
12  per  cent. 
15  to  20  per  cent. 


1.66  per  cent. '  3  to  5  per  cent. 
3.25  per  cent.  ■  11  per  cent. 
6  per  cent.   I  26  per  cent. 
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Interference  with  the  Functions  of  the  Parts. — Since  the  old 
perineal  operations  have  been  superseded  by  the  suprapubic  incision  and 
by  litholapaxy,  it  is  rare  to  see  any  serious  loss  of  function  follow  the 
removal  of  stone. 

A  litholapaxy,  in  a  proper  case,  should  never  cause  any  lasting  injury. 
Sometimes,  in  an  old  man  with  enlarged  prostate,  the  instrumentation  may 
so  irritate  the  neck  of  the  bladder  as  to  lead  to  further  congestion,  and 
may  even  cause  retention.  This  is  only  likely  to  occur  in  patients  who 
already  have  a  partial  retention,  and  who  are  therefore  close  to  the  time 
when  a  catheter  would  be  required  in  any  event. 

When  retention  follows  a  litholapaxy  in  this  way,  it  stamps  the  case 
as  one  in  which  the  relief  of  obstruction  should  have  been  aimed  at,  with 
the  removal  of  the  stone  as  a  mere  incident  in  this  operation. 

The  suprapubic  incision  does  not  traverse  important  parts  and  rarely 
causes  after-trouble.  Occasionally  a  fistula  remains,  but  this  is  usually 
a  result  of  obstruction  at  the  neck  of  the  bladder  and  an  indication  that  the 
operation  was  incomplete,  in  that  it  did  not  remove  the  obstructing 
condition. 

The  perineal  operations  entering  through  the  neck  of  the  bladder  put 
the  seminal  ducts  in  jeopardy  and  by  division  of  the  sphincters  may 
cause  incontinence  of  urine.  These  results  are  to  be  feared  only  when 
extensive  incisions  are  made  in  the  neck  of  the  bladder. 

Persistent  urinary  fistula  sometimes  follows  extensive  perineal  inci- 
sion. Werewkin  records  this  as  occurring  seven  times  in  one  hundred 
and  forty-seven  cases  of  lateral  lithotomy  in  children. 

Recurrence  of  Stone. — It  is  a  not  very  uncommon  experience  to  see 
recurrent  attacks  of  stone.  The  formation  of  a  stone  in  a  bladder  from 
which  a  previous  calculus  has  been  removed  may  come  about  in  a  variety 
of  ways. 

l.^A  uric  acid  stone  may  recur  on  account  of  the  persistence  or  re- 
appearance of  the  uric  acid  diathesis.  An  oxalic  stone  may  be  recurrent 
for  a  similar  reason,  as  may  also  a  phosphatic  stone  due  to  phosphaturia 
of  constitutional  origin.  When  cystin  is  present  in  the  urine,  the  frequent 
appearance  of  small  calculi  is  a  characteristic  feature  of  the  disease. 

2.  The  successive  escape  of  several  stones  from  the  kidneys  may  give 
rise  to  consecutive  attacks  of  stone  in  the  bladder.  These  stones  may  be 
uric,  oxalic,  phosphatic,  or  composed  of  cystin. 

3.  A  phosphatic  stone  may  be  reproduced  after  thorough  removal  if 
the  chronic  cystitis  and  alkaline  condition  of  the  urine  persist.  This  is 
not  uncommonly  seen  in  those  cases  where  an  obstruction  to  the  complete 
emptying  of  the  bladder  perpetuates  the  fermentation  of  the  urine. 

4.  An  ulcerated  condition  of  the  bladder  favors  the  recurrence  of 
phosphatic  stones.  The  calcareous  deposit  forms  on  the  ulcerated  sur- 
face, and  then,  particles  becoming  detached,  form  one  or  many  stones 
in  the  bladder.  This  is  a  common  accompaniment  of  a  projecting  third 
lobe  which  is  irritated  by  a  catheter,  or  which,  once  excoriated  by  contact 
with  a  stone,  remains  ulcerated  even  after  its  removal. 

Granulations  projecting  into  the  bladder  along  the  line  of  a  cystotomy 
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wound  will  similarly  lead  to  successive  stone  formations.  Tumors  of  the 
bladder  wall  also  may  furnish  the  nidus  for  repeated  formation  of  calculi. 
I  have  seen  one  case  in  which  a  silver  stitch  left  after  the  closure  of  a  vesico- 
vaginal fistula  led  to  successive  stones,  till  it  was  found  and  removed. 

5.  Lastly,  a  fragment  left  after  operation  will  serve  as  the  nucleus  for 
another  stone.  The  danger  of  this  mischance  is  greatly  increased  by  any 
obstruction  to  the  flow  of  urine,  such  as  is  caused  by  an  enlarged  prostate. 
The  bladder  in  such  cases  is  often  sacculated,  so  that  fragments  escape 
removal  by  the  evacuator  after  litholapaxy,  or  by  the  lithotomy  forceps 
and  scoop  after  lithotomy. 

If  such  a  fragment  is  left,  it  is  unlikely  to  be  voided  by  the  natural 
efforts  of  the  partially  obstructed  bladder.  A  healthy  bladder  that  emp- 
ties itself  at  each  urination  usually  frees  itself  of  such  small  fragments. 

Completeness  of  Cure  Following  Different  Methods  of  Operating. 
— It  is  plain  that  recurrences  of  stone  due  to  the  patient's  diathesis,  in 
which  the  new  stone  forms  years  after  the  removal  of  a  former  one,  can- 
not be  laid  at  the  door  of  the  operation.  The  same  is  true  when  succes- 
sive escapes  of  renal  calculi  give  rise  to  recurrent  attacks  of  stone  in  the 
bladder. 

When  a  recurrence  of  stone  is  due  to  a  persisting  cystitis,  with  con- 
sequent deposition  of  phosphatic  material,  the  later  stones  cannot  be 
ascribed  to  incompleteness  in  the  operation,  but  rather  to  neglect  in  the 
after-treatment,  which  should  follow  the  lines  prescribed  under  *' Treat- 
ment Directed  to  the  Prevention  of  Stone." 

A  stone  which  has  for  its  nucleus  a  fragment  of  an  earlier  stone  is 
obviously  the  result  of  an  incomplete  operation. 

It  has  been  charged  against  litholapaxy  that  fragments  are  likely 
to  be  left  in  the  bladder  after  it.  The  means  of  preventing  this  will  be 
considered  in  the  description  of  that  operation.  Suffice  it  to  say  here 
that  the  removal  of  the  last  fragment  is  easily  accomplished  in  bladders 
having  reasonably  smooth  walls.  In  much  trabeculated  bladders,  or 
when  an  unusually  deep  pouch  exists  behind  the  prostate,  it  may  be 
difficult,  but  is  rarely  impossible. 

It  is  to  be  remembered,  however,  that  the  accident  of  a  retained  frag- 
ment is  not  peculiar  to  htholapaxy,  for  stones  are  often  chipped  or  broken 
by  the  lithotomy  forceps,  and  in  an  irregular  or  pouched  bladder  the 
thorough  removal  of  every  crumb  is  exceedingly  difficult  even  through 
an  ample  suprapubic  opening. 

Finally,  a  cystotomy  is  not  devoid  of  its  own  peculiar  danger  of  stone 
recurrence  from  the  deposition  of  salts  on  granulation  tissue  projecting 
into  the  bladder  from  the  site  of  the  wound.  Even  when  the  incision 
heals  smoothly  and  kindly,  there  is  usually  a  considerable  time  during 
which  the  moist  wound  surface  offers  a  favorable  nidus  for  the  deposition 
of  stone.  Any  calcareous  matter  which  forms  during  this  time  falls, 
when  detached,  into  the  cavity  of  the  bladder  and  serves  as  the  nucleus 
of  a  stone  after  the  wound  is  tightly  closed.  It  has  been  my  experience 
to  see  recurrence  of  stone  after  suprapubic  cystotomy  in  at  least  as  large 
a  percentage  of  cases  as  after  litholapaxy. 
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In  most  cases  of  recurrent  phosphatic  stone  the  surest  cure  is  to  be 
sought  by  relieving  the  obstruction  which  holds  back  a  fermenting 
residual  urine.  A  complete  prostatectomy,  which  allows  the  bladder  to 
thoroughly  empty  itself  at  each  urination,  will  thus  relieve  a  persistent 
tendency  to  recurrence  of  stone. 

Much,  then,  has  to  be  taken  into  consideration  in  determining  upon 
the  best  operation  for  a  given  case.  In  childhood  the  mortality  after 
any  operation  is  small. 

Litholapaxy  is  well  borne,  does  no  lasting  injury  to  the  parts,  and  is 
quickly  recovered  from.  It  should,  then,  be  employed  in  all  cases  where 
the  urethra  will  admit  the  instruments.  If  the  stone  is  found  to  be  too 
large  to  be  grasped  by  the  lithotrite  or  too  hard  to  be  crushed,  the  attempt 
should  be  abandoned  and  a  cutting  operation  should  be  resorted  to.  The 
suprapubic  operation  injures  no  important  parts  and  is  therefore  to  be 
preferred  over  the  perineal  operations. 

In  adults  litholapaxy  is  the  operation  of  choice.  It  is  the  safest  opera- 
tion and  most  quickly  recovered  from. .  Under  the  following  exceptional 
conditions  litholapaxy  is  inadvisable:  (1)  A  ver>'  large  and  hard  stone 
may  resist  all  reasonable  efforts  to  crush  it.  (2)  A  stone  may  have  as  a 
nucleus  a  foreign  body  too  hard  to  crush  and  too  large  to  pass  through 
a  tube.  (3)  It  may  be  impossible  to  grasp  an  encysted  stone  with  the 
lithotrite.  (4)  False  passages  or  a  very  large  prostate  may  so  interfere 
with  the  introduction  of  instruments  that  the  dangers  of  the  operation 
are  greatly  increased,  and  the  question  of  lithotomy  must  be  entertained. 
This  is  very  exceptional,  however,  as  a  little  care  and  patience  in  manipu- 
lation will  usually  overcome  these  difficulties.  (5)  The  hip  may  be  anky- 
losed  in  a  position  to  interfere  with  the  use  of  urethral  instruments. 
(6)  A  stone  may  be  so  lodged  in  the  prostatic  urethra  that  it  cannot  be 
pushed  back  into  the  bladder. 

A  stone  impacted  in  the  prostate  is  usually  best  reached  through  a 
median  perineal  incision.  In  the  other  exceptional  cases  mentioned  the 
suprapubic  incision  may  be  employed,  although  a  small,  hard,  foreign 
body  may  be  successfully  removed  through  the  perineum. 

Complicating  Diseases  which  may  Modify  our  Choice  of  Operat- 
ing.— Sometimes  a  general  disease  so  increases  the  operative  risk  that  it 
may  be  best  to  temporize.  Diseases  of  the  heart  and  lungs  add  to  the 
danger  of  anesthesia.  This  added  danger  may  be  largely  removed  by 
appropriate  preparatory  treatment.  In  extreme  cases  a  stone  may  be 
removed  under  local,  even  with  spinal,  anesthesia.  Diabetes,  Bright  s 
disease,  alcoholism,  anemia,  and  gout  are  general  diseases  which  add  con- 
siderably to  the  risk  of  cutting  operations,  and  in  their  presence  we  shoukl 
especially  incline  to  choose  litholapaxy. 

In  interstitial  nephritis  with  large  quantities  of  watery  urine  litho- 
lapaxy has,  in  my  experience,  been  well  borne,  whereas  the  mortality  after 
cutting  operations  in  these  patients  has  been  very  great.  Unfortunately, 
this  condition,  combined  with  dilated  renal  pelves  and  ureters,  with 
often  a  superadded  pyelitis,  is  a  not  infrequent  accompaniment  of  stone. 
It  is  in  just  these  cases  that  litholapaxy  shows  its  superior  safety. 


LITHOTRITY.  351 

The  method  of  overcoming  the  difficulties  which  stricture  of  the  urethra 
offers  to  stone  removal  are  fully  considered  elsewhere. 

Enlargement  of  the  prostate  usually  adds  but  little  to  the  difficulties 
of  a  litholapaxy.  The  instruments  pass  readily  through  it,  and  while 
the  alterations  in  the  shape  of  the  bladder,  notably  the  depression 
behind  the  prostate,  somewhat  hamper  the  operator,  they  do  not 
prevent  a  satisfactory  and  thorough  operation  in  the  vast  majority  of 
cases. 

When  the  enlargement  of  the  prostate  produces  so  much  obstruction 
as  to  prevent  the  proper  emptying  of  the  bladder,  we  have  a  condition 
which  itself  demands  correction.  Under  these  circumstances  the  removal 
of  the  stone  becomes  a  mere  incident  in  the  operation  of  prostatectomy. 
It  is  to  be  remembered,  however,  that  the  symptoms  of  prostatism  are 
greatly  aggravated  by  the  presence  of  a  stone.  I  have  seen  many  cases 
in  which  a  litholapaxy  has  so  entirely  relieved  the  prostatic  condition 
that  a  prostatectomy  which  had  before  seemed  inevitable  was  no  longer 
thought  of. 

Preparation  for  Operation. — A  young  man  with  healthy  organs 
requires  little  preparation.  The  exhibition  of  urotropin,  or  other  urinary 
antiseptic,  for  a  few  days  before  operation  is,  however,  a  wise  precaution. 

When  a  man  is  old,  with  more  or  less  inflammation  of  the  urinary 
passages  and  with  impairment  of  his  kidneys,  much  may  be  done  before- 
hand to  better  his  chances  of  sur\'iving  an  operation.  He  should  be  put 
in  bed,  carefully  fed,  and  if  the  heart's  action  is  in  any  way  open  to  sus- 
picion he  should  receive  proper  cardiac  stimulation.  The  urine  should  be 
closely  examined  as  to  both  quantity  and  quality.  If  the  renal  excretion 
is  unsatisfactory,  efforts  should  be  made  to  increase  its  quantity  by  the 
exhibition  of  water  to  bring  it  to  a  proper  amount.  When  the  heart's 
action  is  feeble,  digitalis  and  strychnin  are  needed,  and  occasionally 
nitroglycerin  assists  materially  in  promoting  the  flow  of  urine.  If  inflam- 
matory conditions  exist  in  the  kidneys  or  if  glycosuria  is  found,  proper 
corrective  measures  should  be  adopted.  Ammoniacal  or  putrid  urine 
demands  especial  attention,  as  it  is  manifestly  unsurgical  to  operate  in  an 
infected  field.  Urinary  antiseptics  should  be  freely  given  internally  and 
the  bladder  should  be  irrigated  systematically  with  cleansing  solutions. 
For  internal  exhibition  the  benzoates,  salicylates,  boracic  acid,  urotropin, 
are  the  best.  I  have  found  it  well  to  exhibit  these  at  a  time  when  the 
stomach  is  empty.  They  should  be  given  with  abundance  of  water.  The 
bowels  should  be  thoroughly  opened  by  laxatives  on  the  day  before; 
and  on  the  morning  of  the  operation  a  small  enema  should  be  given  and 
at  once  expelled  to  wash  out  the  rectum. 

Operation. — We  have  shown  the  crushing  of  the  stone  to  be  the  opera- 
tion of  choice  whenever  it  is  possible,  and  we  will  therefore  consider  this 
method  first,  even  though  it  is  the  most  modem. 

Lithotrity. — History  and  Development. — In  early  Arab  writings 
the  suggestion  is  made  of  rubbing  down  the  calculus  with  a  diamond 
fixed  in  a  wire  and  thus  introduced  into  the  bladder.  In  1580  Sanctorius 
suggested  the  possibility  of  extracting  little  calculi  with  three-branched 
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forceps.  According  to  Haller,  Sanctorius  even  proposed  to  use  a  stilet  to 
perforate  them  when  they  were  too  large  to  be  removed  whole. 

This  suggestion  of  Sanctorius  led  to  no  practical  results  until  Civiale, 
in  the  early  part  of  the  nineteenth  century,  produced  an  instrument 
which  put  the  plan  of  Sanctorius  to  practical  use,  for  Civiale's  litholabe 
consisted  of  a  three-branched  forceps  to  hold  the  stone,  with  a  stilet  car- 
ried down  through  the  shaft  of  the  instrument  which  perforated  and  so 
broke  it  up.  He  operated  successfully  in  1824,  and  this  was  the  first 
lithotrity  of  which  we  have  any  record. 

In  this  same  year  Weiss  constructed  a  lithotrite  with  curved  blades 
on  parallel  shafts  shutting  together  much  like  the  blades  of  the  modem 
lithotrite.  In  these  early  instruments  the  shafts  slipped  along  beside 
each  other  and  were  insecurely  fastened  together,  so  that  they  sprung 
apart  when  any  force  was  applied.  To  strengthen  the  shaft  Heurteloup 
conceived  the  idea  of  making  it  of  three  pieces,  the  outer  ones  of  which 
were  attached  to  the  female  blade,  and  the  middle  one,  which  slipped  up 
and  down  between  them,  carried  the  male  blade.  The  two  outside 
pieces  of  the  shaft  were  joined  in  the  lower  part  by  a  cross-rivet,  and  in 
the  shaft  of  the  male  blade  was  a  long  slit  through  which  this  rivet  passed 
— an  arrangement  designed  to  prevent  the  riding  up  of  the  male  blade 
when  pressure  was  brought  upon  the  stone  in  its  jaws.  The  force  was 
supplied  by  the  blows  of  a  hammer.  This  arrangement  of  the  shaft 
was  not  strong  enough,  and  Costello  added  a  button  on  the  lower  side  of 
the  shaft  of  the  male  blade,  close  down  to  the  heel,  which,  overlapping  the 
lateral  pieces  of  the  female  shaft,  held  the  female  blade  down  and  to  a 
considerable  extent  prevented  this  riding  up. 

Costello,  still  not  satisfied  with  the  strength  of  the  instrument,  in  1832 
devised  and  made  a  lithotrite  in  which  the  shaft  of  the  male  blade  ran 
within  a  corresponding  groove  in  the  female  blade.  This  final  variation 
has  been  retained  with  slight  modification  to  the  present  day.  Costello 's 
lithotrite  was  operated  by  percussion. 

Various  methods  were  then  tried  in  the  application  of  crushing  force. 
The  rack  and  pinion  and  screw  power  were  quickly  arrived  at,  and  this 
lafter  has  remained  a  favorite  method  up  to  the  present  time.  To  ob- 
viate clogging  of  the  blades,  the  fenestrated  female  blade  was  later  de- 
vised. 

The  early  lithotritists,  finding  that  the  bladder  was  often  unable  to 
free  itself  of  the  fragments  after  crushing,  devised  various  means  for 
assisting  evacuation.  They  endeavored  at  first  to  accomplish  this  by 
means  of  scoops  and  large  catheters,  to  which  they  presently  applied 
suction,  either  by  a  piston  syringe  or  by  the  expansion  of  a  rubber  bulb. 
Clover's  evacuating  apparatus,  which  was  the  most  developed  instru- 
ment up  to  1878,  consisted  of  a  large  catheter,  at  the  end  of  which  was 
attached  a  rubber  bottle,  with  a  reservoir  situated  between  the  bottle 
and  the  catheter,  into  which  the  fragments  gravitated  during  the  pump- 
ing. This  instrument,  however,  was  not  very  efficient  and  its  use  was 
not  generally  approved.  Gross,  in  1876,  says:  "The  practice  of  inject- 
ing the  bladder  to  wash  out  the  detritus  is  obsolete.     .     .    This  appa- 
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ratus  of  Mr.  Clover  should  not  be  employed,  if  it  is  possible  to  dispense 
with  it,  as  its  use  is  quite  as  irritating  as  lithotrity  itself/' 

French  writers  were  almost  equally  strong  in  condemning  the  practice, 
and  Thompson,  holding  a  somewhat  more  favorable  opinion,  said  in  1871 : 
**  Having  used  it  (Clover's  bottle)  very  frequently,  I  would  add  that  it  is 
necessary  to  use  all  such  apparatus  with  extreme  gentleness;  and  I  prefer 
to  do  without  if  possible." 

Surgical  opinion  was  in  this  state  then,  in  1878,  when  Bigelow  published 
his  operation  of  litholapaxy,  in  which  thorough  crushing  was  combined 
with  complete  evacuation.  This  operation  has  now  displaced  the  older 
methods  and  stands  as  the  representative  of  them  all.  It  is  rare  indeed 
now  for  a  surgeon  to  plan  the  crushing  of  a  stone  without  including  in 
f  -       -  -  -  ,     his  operation  the  immediate  evacua- 

\tion  of  the  fragments. 
Litholapaxy. — Bigelow  derived 
the  name  of  this  operation  from  XWoc, 
*' a  stone,"  and  X&za^eCf  "evacuation." 
This  name  covers  not  only  opera- 
-~^^  tions  in  which  a  stone  is  crushed 
and  pumped  out,  but  also  those  not 

infrequent  cases  in  which  small  stones 
are  pumped  out  without  crushing. 

Bigelow  based  his  first  attempts 
to  crush  and  pump  out  a  stone  at  one 
sitting  upon  the  belief  that  inflam- 


FiG.  188. — BLAnKff  or  Bioelow'r  Lithotritk, 
Opkn  and  Shut. 


Fio.   189. — Diagram  op  Urethra   Showing 
Bladk  of  Lithotritk  Slipping  through  it. 


mations  following  lithotrity  were  due  rather  to  the  irritation  of 
retained  fragments  than  to  the  contact  of  instruments  during  the 
operation.  Experience  has  amply  justified  this  belief.  In  introducing 
his  evacuator  he  says :  "In  short,  the  evacuating  apparatus  and  the  evacu- 
ating method  hitherto  employed  did  not  evacuate.  This  fact  is  beyond 
question."  He  devised  a  pump  which  does  evacuate,  and  this  revolu- 
tionized the  operation  for  stone.  We  will  consider,  first,  the  alterations 
made  by  him  in  the  lithotrite;  secondly,  the  mechanism  of  the  evacuator; 
and,  finally,  will  consider  the  methods  of  using  these  instruments  in  the 
operation. 

Lithotrite. — The  alterations  in  this  instrument  were  first  in  the 
blades,  and  second  in  the  lock  and  handle.    To  provide  a  solid-bladed 
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lithotrite  that  should  be  self-clearing  and  could  be  used  for  an  indefinite 
time  without  becoming  clogged,  Bigelow  had  the  male  blade  made  with  a 
series  of  alternate,  triangular  notches,  by  whose  inclined  planes  the  detri- 
tus should  escape  laterally,  after  being  crushed  against  the  floor  and  rim 
of  the  shoe,  or  female  blade. 

To  facilitate  the  introduction  of  this  instrument,  the  point  of  the 
female  blade  was  turned  over  and  blunted.  The  advantage  of  this  form 
in  enabHng  the  instrument  to  slip  easily  along  the  urethra  is  illustrated 


Fig.  190. — Handle  of  Bigelow'b  Lithotrite,  Clohed. 

in  Fig.  189.  The  handle  of  the  instrument  was  also  modified  in  important 
particulars.  In  place  of  the  wheel  Bigelow  substituted  an  egg-shaped, 
fluted  handle  of  hard  rubber  that  comfortably  fitted  the  palm  of  the  hand. 
Immediately  below  this  handle  he  placed  a  revolving  cylinder  cap  which, 
being  held  between  the  forefinger  and  thumb  of  the  right  hand,  enables 
the  operator  to  lock  and  unlock  the  instrument  without  changing  his  hold 
on  the  handle.  A  fenestrated  instrument  is  more  efficient  than  any 
solid-bladed  lithotrite  and  should  be  used  in  reducing  large  hard  stones. 


Fio.  191.- 


-Handle  of  Bioelow's  Lithotrite,  Open. 

ruard.     A  half  rotation  of 
locks  the  instrument. 


Showing  the  cylinder  cap  and  the  bars  connecting  it  with   the  screw-su 
this  cap,  which  is  held  in  the  finger  and  thumb  of  the  right  hand,  lo 


After  the  calculus  is  divided  into  fragments,  the  instrument  with  the  solid 
female  blade  may  be  taken  for  the  further  comminution  of  them. 

Evacuator. — The  essential  parts  of  the  evacuator  are  a  tube  or 
catheter,  an  elastic  bulb  to  provide  suction,  and  a  receptacle  for  fragments. 
The  number  of  combinations  which  can  be  made  of  these  three  parts  is 
infinite.  This  is  not  the  place  to  consider  the  forms  adopted  by  different 
operators.  The  essential  thing  is  to  have  sufficient  suction,  and  the  form 
in  which  this  is  supplied  will  vary  according  to  the  fancy  of  the  sui^eon. 
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Fig.  192. — Fenestrated  Blades. 


For  the  sake  of  brevity,  we  will  give  a  brief  description  of  Bigelow's 
simplified  evacuator,  which  was  the  form  finally  adopted  by  him.  The 
evacuator  consists,  as  has  been  said,  of  a  tube,  an  elastic  bulb,  and  a 
receptacle  for  fragments.  For 
convenience  of  description  the 
tube  may  be  described  as  consist- 
ing of  two  parts:  the  movable 
part,  or  catheter,  and  the  fixed 
part,  which  enters  the  bulb. 

The  catheter  may  be  either 
curved  or  straight.  A  straight 
tube  offers  less  resistance  to  the 
passage  of  fragments,  and  is  there- 
fore better  for  the  evacuation  of 
them.  The  curved  tube,  however,  is  sometimes  easier  of  introduction 
in  difficult  cases.    At  the  upper  end  of  the  catheter  tube  is  a  projecting 

wing,  which  facili- 
tates the  handling 
of  the  instrument, 
and  at  the  same 
time  serves  as  a 
guide  to  the  posi- 
tion of  the  mouth 
of  the  tube. 

The  fixed  por- 
tion of  the  tube  ex- 
tends obliquely  up- 
ward to  the  center 
of  the  bulb.  This 
tube  is,  for  con- 
venience, provided 
with  a  stop-cock 
just  outside  of  the 
iDulb,  and  if  a  sec- 
ond stop -cock  is 
attached  to  the 
upper  end  of  the 
catheter,  the  pa- 
tient and  bedding 
can  be  kept  dry 
when  coupling  and 
uncoupling  these 
tubes. 

The  portion  of 
the  tube  which  ex- 
tends into  the  bulb  is  perforated  all  around  with  small  holes,  the  aggre- 
gate area  of  which  is  larger  than  that  of  the  opening  at  the  end  of  the 
tube.     The  fragments  rush  into  the  bulb  easily  through  this  tube,  while, 


Flo.  193. — BioELow's  Simplified  Evacuator. 
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as  the  water  is  forced  back  into  the  bladder^  it  naturally  seeks  the  shortest 
road  and  freest  outlet  through  the  perforations  in  the  sides  of  the  tube, 
which  do  not  admit  of  the  return  of  the  fragments.  The  solid  particles 
which  are  thus  caught  and  retained  in  the  bulb  naturally  gravitate  to  the 
bottom  of  it,  where  they  are  received  in  the  glass  ball  or  receiver,  which 
can  be  readily  removed  and  emptied.  At  the  top  of  the  bulb  is  an 
opening  with  a  stop-cock  to  which  a  hose  can  be  attached.  This  provides 
for  the  expulsion  of  air  from  the  apparatus,  and  also  for  the  easy  regula- 
tion of  the  amount  of  water  in  the  bulb  and  bladder  during  evacuation 
— a  matter  of  great  importance,  as  an  overtense  bladder  is  a  source  of 
danger  and  must  be  at  once  relieved;  while  a  too  empty  bladder  interferes 
greatly  with  the  operation,  as  the  lax  walls  are  drawn  into  and  obstruct 
the  mouth  of  the  tube. 

In  Bigelow's  evacuator,  as  will  be  seen,  the  receiver  in  which  the  fn^- 
ments  are  caught  is  at  the  extreme  farthermost  point  of  the  apparatus 
from  the  bladder,  and  fragments  once  received  in  it  cannot  be  again  put  in 
circulation  and  returned  to  the  bladder. 

The  "simplified  evacuator^'  has  been  still  further  simplified  (Newell, 
Freyer)  by  leaving  out  the  perforated  portion  of  the  tube  which  extends 
to  the  center  of  the  bulb.  Thus  in  this  modification  the  fragments  are 
separated  by  gravity  alone. 

The  mouth  of  the  tube  should  be  as  near  the  end  as  possible,  and  the 
form  devised  by  Bigelow,  with  a  projecting  lip  to  prevent  the  mucous 
membrane  from  being  sucked  up  against  the  orifice,  has  not  been  improved 
upon.  The  length  and  size  of  the  tubes  is  a  question  of  convenience, 
but  obviously  the  shorter  and  larger  tubes  remove  the  debris  more  rapidly. 

The  Operation. — Small  stones  can  often  be  pumped  out  without  the 
necessity  for  crushing.  If,  after  an  attack  of  renal  colic,  a  stone  is  not  soon 
passed  per  urethram  it  is  wise  to  wash  the  bladder  with  a  Utholapaxy 
pump.  In  such  cases  I  have  repeatedly  removed  little  calculi  which, 
if  left,  would  have  formed  larger  stones  requiring  a  formal  operation  for 
their  removal. 

The  crushing  of  a  stone  of  moderate  size  may  be  done  without  anes- 
thesia in  a  patient  whose  urethra  is  capacious  and  not  sensitive.  Cocain 
anesthesia  greatly  diminishes  the  pain  of  the  manipulations  and  has  been 
used  in  many  litholapaxies.  Chismore,  of  San  Francisco,  habitually 
operated  under  this  local  anesthesia.  He  used  his  combined  lithotrit« 
and  pump,  which  requires  less  manipulation  in  the  bladder  than  the  ordi- 
nary instruments,  for  the  fragments  are  drawn  into  the  blades  by  the 
suction  of  the  pump  and  do  not  have  to  be  searched  for.  Usually,  how- 
ever, except  in  very  easy  cases,  it  is  best  to  do  the  operation  under  general 
anesthesia.  The  relaxation  of  complete  insensibility  makes  the  manipu- 
lations much  easier  and  adds  greatly  to  the  thoroughness  of  the  operation. 
Especially  important  is  it  to  allay  the  tendency  of  the  bladder  to  spas- 
modic contractions,  for  this  forces  out  the  water  and  so  reduces  the  space 
for  manipulation  of  instruments,  and  it  also  subjects  the  bladder  walls  to 
a  dangerous  strain  which,  when  the  urethra  is  blocked,  may  lead  to  their 
rupture. 
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The  first  step  in  the  operation  is  to  empty  the  bladder  with  a  large 
catheter.  In  doing  this  the  urethra  is  explored  for  stricture  and  for  any 
deviation  caused  by  enlarged  prostate  or  otherwise.  If  the  meatus  is 
narrow,  it  should  be  cut  to  at  least  No.  28  French. 

The  bladder  is  then  washed  out  with  sterile  salt  solution  or  with  a 
1  to  2  per  cent,  boric  acid  solution,  of  which  from  four  to  six  ounces  is 
left  in  the  bladder.  A  light  rubber  tube  tied  around  the  penis,  close  to 
the  corona  glandis,  will  prevent  the  escape  of  fluid  alongside  of  the  in- 
struments, thus  serving  the  double  purpose  of  keeping  a  known  quantity 
of  water  in  the  bladder  and  of  avoiding  the  wetting  of  the  patient. 

Before  each  introduction  of  an  instrument  the  urethra  should  be  filled 
with  liquid  vaselin  or  other  aseptic  lubricant  to  lessen  as  far  as  possible 
the  friction. 

The  lithotrite  is  an  easy  instrument  to  introduce.  Its  short  beak 
gives  it  some  of  the  advantages  of  a  coud^  catheter  and  its  tip  runs  along 
the  roof  of  the  urethra,  where  it  is  not  likely  to  catch.  After  the  beak 
passes  below  the  pubes  the  handle  should  be  brought  to  a  vertical  position, 
and  the  instrument  then  drops  by  its  own  weight,  until  the  point  rests 
just  in  front  of  the  triangular  ligament.  If  the  point  is  now  lifted  slightly 
out  of  the  depression  it  has  made  in  the  bulbous  urethra,  and  if  the  handle 
is  brought  down  between  the  thighs,  the  instrument  being  pushed  gently 
forward  in  the  axis  of  the  body  slips  easily  into  the  bladder.  The  passage 
of  the  lithotrite  into  the  deep,  fixed  portion  of  the  urethra  is  facilitated 
by  strong  traction  on  the  penis,  which  stretches  the  walls  of  the  urethra, 
straightens  the  folds,  and  helps  to  efface  the  depression  just  in  front  of  the 
triangular  ligament. 

The  places  where  difficulty  may  be  met  are  at  the  triangular  ligament 
and  at  the  prostate.  The  point  of  the  instrument  may  catch  on  the  upper 
or  lower  eclge  of  the  comparatively  rigid  opening  in  the  triangular  liga- 
ment. If  the  handle  is  depressed  before  the  beak  of  the  instrument  is 
carried  dowTi  as  far  as  it  will  go  toward  the  rectum,  the  point  is  likely  to 
catch  against  the  upper  edge  of  this  opening;  while,  on  the  other  hand,  if 
the  instrument  is  pushed  too  forcibly  toward  the  sacrum,  the  lax,  bulbous 
urethra  is  depressed  below  the  aperture,  and  the  point  catches  on  the 
lower  margin.  Practically,  if  the  instrument  catches  at  the  triangular 
ligament,  it  should  be  passed  down  with  the  beak  hugging  first  the  roof 
and  then  the  floor  of  the  urethra,  and  in  one  or  the  other  of  these  ways 
it  will  usually  find  its  way  through.  The  finger  pressing  against  the  con- 
vexity of  the  curve  of  the  instrument  in  the  perineum  will  often  lift  the 
point  over  the  lower  margin  of  the  opening  when  it  is  catching  there. 

A  similar  difficulty  may  be  met  with  at  the  opening  into  the  prostate. 
This  happens  but  rarely,  and  is  to  be  overcome  by  the  same  tactics.  In 
cases  of  much  difficulty  the  finger  introduced  into  the  rectum  serves  as  a 
good  guide,  and  with  it  the  point  of  the  instrument  may  be  lifted  into  the 
prostate  when  it  is  catching  on  the  lower  edge.  An  enlarged  prostate  is, 
as  a  rule,  easily  passed  by  the  lithotrite,  whose  short,  curved  beak  carries 
the  point  along  the  roof  of  the  canal,  where  it  rarely  meets  an  obstacle. 

False  passages  may  add  greatly  to  the  difficulty  of  the  introduction  of 
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Fio.  194. — A  Cart  showing  the  Shape  of  the  Bladder 

WITH  AN  InRTRIMKXT  DePREAAING  THE  FlOOR. 


instruments.     A  single  false  passage,  if  its  position  is  made  out,  may 

usually  be  avoided  by  carrying  the  instruments  along  the  opposite  wall  of 

the  urethra  at  that  point.     If,  however,  several  of  these  pockets  exist, 

in  which  the  instruments 
are  caught,  it  will  perhaps 
be  a  wiser  plan  to  resort 
to  lithotomy.  When  the 
lithotrite  reaches  the  blad- 
der, it  is  usually  not  diffi- 
cult to  find  the  stone  which 
rests  upon  the  floor  of  the 
bladder,  and,  with  the  pa- 
tient in  a  horizontal  posi- 
tion, is  usually  found  at 
a  point  a  short  distance 
behind  the  prostate. 

The  operation  of  crush- 
ing demands  patience,  some 
skill  of  manipulation,  and 
is  greatly  assisted  by  an 
accurate  knowledge  of  the 
cpntour  of  the  bladder,  and 
of    the   changes   in  shape 

which  may  be  impressed  upon  it  by  var}'ing  conditions  of  the  surrounding 

organs. 

The  bladder  when  moderately  distended  is  oval,  somewhat  flattened 

from  before  backward,  and  with  its  long  axis  nearly  perpendicular.     The 

lithotrite  when  pressed 

down  into  the  floor  of 

the  bladder  rests  at  one 

end  of  this  long  axis, 

so  that  the  stone  falls 

by    gravity    onto    its 

jaws,   which   lie  in   a 

funnel-shaped  depres- 
sion.     The    shape   of 

this  depression  may  be 

somewhat    altered    if 

the    rectum    is    filled 

with  feces,  and   it   is 

to  avoid  such  distor- 
tion that   the   bowels 

should  be  thoroughly 

emptied  before  the 

operation. 

In  a  normally  shaped  bladder,  then,  if  the  beak  of  the  lithotrite  is 

carried  to  the  floor  and  then  opened,  a  stone  falls  upon  the  shoe  or  female 

blade  and  is,  therefore,  seized  as  the  male  blade  is  again  closed  down. 


Fio.  195. — Method  of  Holding  Lithotrite  with  Blades  Rest- 
ing ON  Floor  of  Bladder  during  Ordinary  Crushing. 
Notice  the  right  forefinger  and  thumb  holding  the  cylinder  cap 
which  throws  the  screw  in  and  out  of  gear. 
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If  this  maneuver  does  not  succeed,  it  may  be  due  to  the  fact  that  the 
floor  of  the  bladder  is  unusually  flat,  so  that  the  stone  lies  to  one  side  of 
the  blades,  or  it  may  be  because  the  stone  for  some  reason  cannot  fall 
down  into  the  depression  made  by  the  instrument.  Outgrowths  from 
the  prostate  may  so  distort  the  floor  of  the  bladder  as  to  make  it  difficult 
to  seize  the  stone. 

A  projecting  third  lobe  may  so  narrow  the  depression  in  the  floor  of 
the  bladder  that  the  stone  cannot  fall  into  it.  The  lithotrite  may  enter 
the  bladder  on  one  side  of  a  pedunculated  third  lobe  and  the  stone  may 
he  on  the  other  side  of  it.  The  stone  may  even  lie  in  a  deep  post-pros- 
tatic  pouch  where  the  lithotrite  cannot  reach  it. 

In  view  of  these  difficulties  arising  from  prostatic  outgrowths  it  is  well 
to  put  these  patients  in  the  Trendelenburg  position  before  beginning  the 
operation.  The  effect  of  this  position  is  to  roll  the  stone  backward  away 
from  the  prostate  into  a 
part  of  the  bladder  where 
it  can  be  easily  reached 
and  crushed. 

In  a  difficult  case  the 
finger  in  the  rectum  may 
be  used  to  push  the  stone 
out  of  the  post-prostatic 
pouch.  When  the  stone 
is  too  large  to  fall  into 
the  depression  in  the  floor 
of  the  bladder,  the  blades 
must  be  raised  to  seize  it. 
This  is  done  by  depress-     r,     ,tui    ^^  „  , 

•J         ^  Fio.  196. — Method  or  Holding  Lithotrite  WHEN  Turning 

mej  the  handle  of  the  lltho-  the  blades  over  into  the  Left  side  of  the  Bladder 

,.,-,,  ,,       .1.1  IN  Search  for  Fragments. 

tnte  between  the  thighs. 

An  enlarged  third  lobe  of  the  prostate  will  assist  to  hold  the  stone  up  off 
the  floor  of  the  bladder.  I  have  heard  a  stone  lying  thus  high  in  the 
bladder  described  as  being  attached  to  the  upper  wall,  but  am  convinced 
that  the  above  is  the  correct  explanation  of  the  position  of  these  high 
lying  stones. 

After  such  a  stone  has  been  crushed  once  or  twice  the  fragments  fall 
to  the  bottom  of  the  bladder,  where  they  are  readily  dealt  with. 

In  crushing  the  stone,  if  the  bladder  is  properly  filled  there  is  little 
or  no  danger  of  nipping  the  walls  as  long  as  the  blades  are  operated  in  an 
upright  position.  When  the  blades  are  rotated  toward  the  side  walls  or 
the  floor  of  the  bladder,  more  care  is  necessar\'.  A  very  little  experience 
will  enable  the  oi)erator  to  distinguish  the  soft  resistance  of  the  bladder 
wall,  and  if  after  seizing  a  fragment  he  always  rotates  the  blades  from 
side  to  side,  to  be  sure  they  are  free  before  finally  screwing  down,  he  will 
be  quite  safe  from  any  danger  of  injuring  the  bladder  walls. 

The  stone  should  be  crushed  as  thoroughly  as  possible  at  the  first 
introduction  of  the  lithotrite.  If  the  stone  is  large,  the  fine  fragments 
\^ill  presently  fill  the  bottom  of  the  bladder  so  that  the  larger  fragments 
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can  no  longer  fall  into  the  jaws  of  the  lithotrite.     It  is  now  time  to  use  the 
pump. 

When  the  fragments  do  not  fall  readily  into  the  jaws  of  the  lithotrite, 
the  beak  must  be  turned  first  to  one  side  and  then  to  the  other  in  search 
of  them.  When  thus  searching  for  fragments  the  blades  should  be  opened 
in  an  upright  position  in  the  middle  line  and  then  turned  over  so  as  to  lie 
flat  on  the  bladder  wall  and  shut  along  it. 

When,  finally,  no  more  fragments  can  be  caught,  the  lithotrite  should 
be  firmly  screwed  together  and  withdrawn.  If  there  is  any  difficulty  in 
fully  closing  it,  the  jaws  may  be  carried  to  the  center  of  the  bladder  and 
there,  with  the  screw,  may  be  opened  and  shut  a  few  times  to  work  out 
the  impacted  stone  from  between  them. 

Now  comes  the  second  part  of  the  operation — evacuating  the  frag- 
ments. For  this  a  straight  tube  is  preferable,  as  it  is  more  easily  turned 
in  the  bladder  when  the  operator  wishes  to  direct  the  orifice  toward 
difTerent  portions  of  that  viscus.     The  introduction  of  a  straight  tube  is 

not  difficult  if  the 
anatomy  of  the 
urethra  is  borne 
in  mind.  It 
should  be  passed 
down  in  a  ver- 
tical direction 
until  it  will  go 
no  farther  to- 
ward the  rectum. 
Then,  being 
brought  to  a  hori- 
zontal position, 
it  should  be  gently  pushed  upward  in  the  axis  of  the  body.  At  the 
moment  of  bringing  the  tube  down  between  the  thighs,  pressure  should 
be  made  over  the  pubes  in  order  to  relax  the  suspensory  ligament  of  the 
penis.  Before  advancing  the  instrument  horizontally  it  is  well  to  with- 
draw it  very  slightly  in  order  to  disengage  its  point  from  the  pocket  in 
the  bulbous  urethra.  A  slight  rotation  of  the  tube  from  side  to  side  will 
help  its  passage  through  the  triangular  ligament. 

When  there  is  much  enlargement  of  the  prostate,  the  tube  sometimes 
has  to  be  carried  low  down  between  the  thighs  in  order  to  enable  its  point 
to  ride  over  the  prostate  into  the  bladder.  If  the  straight  tube  does  not 
pass  readily,  a  tube  with  the  point  slightly  turned  up,  after  the  manner 
of  a  coud6  catheter,  may  be  tried.  If  this  fails,  the  curved  tube  may  be 
used  as  a  last  choice. 

When  there  is  much  debris,  it  is  well  to  commence  pumping  with  the 
point  of  the  tube  held  a  little  above  the  floor  of  the  bladder.  The  object 
at  this  time  is  to  set  the  fragments  whirling  and  to  catch  them  while  they 
are  suspended.  If  the  end  of  the  tube  is  buried  too  deeply  in  the  detritus, 
it  is  apt  to  be  clogged  at  the  outset  and  the  evacuation  is  thereby  con- 
siderably hindered.     Later,  when  the  fragments  are  few,  the  tube  is 


Fig.  197.— CocDt  End  op  Straight  Tube. 
This  is  the  best  tube  for  general  use. 
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carried  to  the  floor  of  the  bladder,  and  a  few  moments  should  elapse  after 
pressing  the  bulb  to  give  the  fragments  time  to  settle  about  the  end  of 
the  tube  before  the  expansion  which  is  to  suck  them  into  it. 

The  wedging  of  a  fragment  in  the  tube  causes  an  obstruction  which 
is  ver>'  noticeable; 
the  compression  of 
the  bulb  is  rendered 
difficult  and  its  ex- 
pansion slow.  The 
fragment  thus 
caught  in  the  mouth 
of  the  tube  may  be 
dislodged  with  a 
stilet,  or  with  care 
the  tube  may  gen- 
erally be  drawn  out 
with  the  fragment 
in  it. 

The  tube  may 
also  be  obstructed 
by  the  bladder  wall, 
which  is  sometimes 
sucked  into  the  orifice.  When  this  happens,  the  jerk  which  it  gives 
reminds  one  of  a  fish  bite.  If  this  occurs  when  the  tube  is  held  near  the 
center  of  the  bladder,  it  shows  that  the  bladder  is  not  sufficiently  dis- 
tended, and  water  should  be  added  through  the  hose  at  the  top  of  the  bulb. 


Fia.    198. — Method   of   Holding  the   Bulb   during   Ordinary 
Washing. 

The  left  hand  supports  the  weight  of  bulb  while  the  right  hand  pumps. 


Fig.  199. — The  Method  op  Inverting  the  Bulb  to  Wash  out  the  Pocket  behind  the  Prostate. 


Pumping  should  be  prolonged  until  the  fragments  cease  to  come;  the 
lithotrite  should  then  be  again  introduced  and  the  crushing  continued. 
In  using  the  pump  for  removal  of  the  last  fragments,  it  is  important  that 
the  orifice  of  the  tube  shall  be  systematically  turned  in  all  directions  in 
order  to  wash  out  any  side  pockets  or  comers  in  which  fragments  may 
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lurk.  The  pouch  behind  the  prostate  should  be  especially  attended  to 
in  this  way. 

It  sometimes  occurs  that  a  last  fragment  clicks  and  will  not  come 
through  the  tube,  and  yet  is  very  difficult  to  find  with  the  lithotrite. 
Under  such  circumstances  I  have  found  it  possible  with  a  little  care  to 
draw  the  fragment  to  the  tube  and  to  leave  it  close  to  the  urethral  orifice 
so  that  the  lithotrite  easily  catches  it  at  the  next  introduction. 

In  the  search  for  this  last  fragment  the  Chismore  lithotrite,  in  which 
the  shaft  of  the  male  blade  is  hollow  and  has  an  aspirating  bottle  attached 
to  its  upper  end,  serves  an  admirable  purpose.  If,  when  the  blades  are 
slightly  separated,  suction  is  applied,  the  fragment  is  drawn  between  the 
jaws  and  easily  crushed  on  the  closure  of  the  instrument. 

When  we  are  convinced  that  the  stone  is  wholly  removed,  the 
urethra  should  be  thoroughly  washed  out  through  a  catheter  of  small 
size  for  the  purpose  of  removing  such  fine  sand  as  may  have  lodged  in  it. 


Fio.  200. — Chibmore's  Lithotrite. 
The  shaft  of  the  male  blade  in  a  tube,  through  which  small  fragments  can  be  pumped.     When 
the  blades  are  partly  open  and  suction  is  applied,  the  fragments  are  drawn  between  the  blades  and 
then  crushed  when  the  instrument  is  closed.     This  figure  shows  the  method  of  holding  the  instru- 
ment while  pumping  to  draw  fragments  between  the  blades. 

After'treatment, — If  -the  patient  has  been  able  to  urinate  normally 
before  operation,  we  should  continue  the  treatment  which  we  pursued  in 
preparation  before  operation,  with  liberal  allowance  of  water  and  urinary 
antiseptics  when  necessary.  When,  however,  there  is  obstruction  of  the 
urination,  due  either  to  enlargement  of  the  prostate  or  to  stricture  of  the 
urethra,  it  is  usually  well  to  fasten  a  catheter  in  for  the  first  few  days 
and  thus  provide  for  thorough  drainage  of  the  bladder.  Since  I  have 
made  this  a  rule  I  have  not  been  troubled  by  chills  following  the  operation. 

At  the  end  of  ten  days  or  a  fortnight  the  bladder  should  be  washed 
with  an  evacuator  to  remove  any  sand  or  gravel  that  was  left  at  the  time 
of  operation.  In  some  cases  the  tendency  to  formation  of  phosphatic  con- 
cretions is  so  great  that  repeated  pumping  at  intervals  of  ten  days  will 
continue  to  remove  little  calculi  until  the  alkaline  tendency  of  the  urine 
has  been  overcome. 

The  operator  should  not  be  content  until  he  has  a  satisfactory  washing 
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without  obtaining  calcareous  material.  A  small  tube  can  be  used  for 
these  subsequent  pumpings  and  they  can  be  done  with  reasonable  coip- 
fort  without  anesthesia. 

Complications  Which  May  Arise  During  Litholapazy. — Hemor- 
rhage.— A  slight  amount  of  bleeding  not  uncommonly  accompanies  the 
operation.  It  is  more  common  in  old  men,  when  the  prostatic  urethra 
is  congested.     It  does  not  often  cause  any  trouble  and  soon  ceases. 

There  is  rarely  any  bleeding  from  the  bladder  walls,  unless  they  are 
ulcerated,  and  when  any  amount  of  hemorrhage  occurs  in  the  vesical 
cavity,  it  will  cause  a  strong  suspicion  of  the  existence  of  a  tumor,  in  which 
case  the  washings  from  the  bladder  should  be  carefully  saved  and  ex- 
amined for  bits  of  new-growth. 

Injury  of  the  urethra  is  usually  slight,  and  is  to  be  avoided  by  gentle- 
ness and  patience  in  passing  the  instruments.  If,  owing  to  previous 
false  passages,  any  appreciable  injury  is  done  to  the  urethral  walls,  it  is 
usually  well  to  fasten  in  a  catheter  after  the  operation  to  prevent  the 
urine  from  coming  in  contact  with  the  abraded  surfaces. 

Rupture  of  Bladder. — If  the  bladder  is  overdistended,  there  is  a 
possibility  of  rupture  of  its  walls.  Such  a  rupture  is  more  likely  to  occur 
in  a  bladder  with  thin-walled  diverticula.  It  is  especially  to  be  feared 
when  the  bladder  shows  a  tendency  to  spasmodic  contraction,  for  if  under 
these  circumstances  the  urethra  is  blocked  with  instruments,  the  ten- 
sion may  be  very  great. 

The  only  case  of  the  sort  that  I  have  seen  was  in  a  much  contracted 
diverticulated  bladder  which  had  at  the  time  about  two  ounces  of  fluid 
in  it.  In  this  case  the  rupture  took  place  extraperitoneally  on  the  left 
side  of  the  pelvis  and  drainage  was  provided  for  the  escaping  urine  by  an 
opening  above  Poupart's  ligament  on  the  left,  with  eventual  recovery. 

When,  during  operation,  the  bladder  is  affected  by  violent  spasms, 
the  operation  should  be  delayed  until  the  anesthesia  puts  a  stop  to  this. 
When  a  spasm  occurs  during  the  pumping,  the  tension  can  be  at  once 
relieved  by  opening  the  stop-cock  at  the  top  of  the  bulb  and  letting  out 
the  excess  of  water. 

Impadion  of  fragments  in  the  urethra  is  much  less  common  than  might 
be  supposed.  I  have  met  with  it  once  in  a  long  experience,  and  in  that 
case  found  no  difficulty  in  pushing  the  fragment  back  into  the  bladder 
at  the  next  introduction  of  the  tube. 

Clogging  and  Breaking  of  the  Lithotriie. — A  tough  foreign  body  may 
resist  complete  crushing  and  become  entangled  in  the  jaws  of  the  litho- 
trite.  I  have  met  with  one  case  in  which  a  leather  shoestring  formed 
the  nucleus  of  a  stone,  and  another  in  which  a  portion  of  an  English  silk- 
webbed  catheter  gave  a  Uttle  trouble.  In  both  cases  it  was  found  possi- 
ble to  cut  these  up  into  sufficiently  small  pieces  to  be  readily  drawn  out 
with  the  lithotrite  and  sucked  out  through  the  tube.  When  the  blades 
are  not  easily  freed  they  should  be  carried  to  the  center  of  the  bladder, 
and  there  should  be  many  times  opened  and  shut  with  the  screw  in  order 
to  gradually  grind  up  and  cut  through  the  offending  body. 

Twists  or  fracture  of  the  blades  of  a  lithotrite  should  never  occur  in  a 
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well-made  instrument.  The  fact  that  such  accidents  are  possible  should 
lead  the  surgeon  to  discard  any  but  the  best  and  well-tested  instruments. 
In  a  properly  made  hthotrite  the  blades  will  withstand  any  amount  of 
force  that  the  human  hand  can  exert  through  the  handle  of  the  instru- 
ment. The  size  of  the  handle  should  bear  a  safe  relation  to  the  strength 
of  the  blades  and  shaft. 

Perineal  Lithotrity. — The  old  operation  of  perineal  lithotrity  with 
elaborate  technic  and  powerful  lithoclasts  (Dolbeau,  Rigal)  is  a  thing 
of  the  past.  Harrison  and  Keith  have  advocated  this  route  for  the 
introduction  of  the  more  modem  crushing  instruments,  but  the  operation 
has  not  been  extensively  adopted. 

It  sometimes  happens  that  a  stone  forms  in  the  bladder  behind  a  tight 
perineal  stricture  which  requires  an  external  urethrotomy  for  its  proper 
treatment.  Under  these  circumstances  I  have  resorted  to  perineal 
lithotrity  and,  after  incising  the  urethra,  have  introduced  the  lithotrites 
and  tubes  through  the  perineal  opening. 

With  the  patient  in  the  lithotomy  position,  the  instruments  are  easily 
guided  through  the  short  posterior  urethra,  and  when  in  the  bladder 
have  a  much  freer  mobility  than  when  manipulated  through  the  whole 
length  of  the  urethra.    The  operation  is  easy  and  most  satisfactory. 

It  will  be  found  that  usually  the  handle  of  the  lithotrite  must  be  held 
almost  vertical  in  order  to  bring  the  heel  of  the  female  blade  dowTi  onto 
the  floor  of  the  bladder. 

When  spasmodic  contractions  expel  the  water  through  the  short, 
wide  opening,  the  pressure  of  an  assistant's  finger  below  the  instrument 
will  keep  enough  water  in  the  bladder  for  the  proper  performance  of 
the  operation. 

Lithotomy. — Cutting  operations  for  the  removal  of  stone  are  of 
great  antiquity.  The  perineal  operations  date  back  at  least  to  the  ban- 
ning of  the  Christian  era.  The  earliest  operations  through  the  perineum 
were  done  without  a  guide,  and  when  Celsus  wrote  the  first  detailed 
report  of  the  operation  that  we  now  have,  it  was  already  an  old  operation, 
the  technic  of  which  had  been  passed  along  from  one  operator  to  another 
for  many  generations.  In  the  operation  described  by  Celsus  the  stone 
was  pulled  downward  by  the  fingers  in  the  rectimi  and  was  then  cut 
down  upon  through  the  perineum.  The  incision  employed  appears  to 
have  been  either  transverse,  bilateral,  or  lateral,  and  the  bladder  was 
entered  either  through  its  body  or  through  the  prostate,  according  to 
accident.  This  is  the  method  known  as  "cutting  on  the  gripe,''  the 
apparatus  minor,  so  called  because  but  few  instruments  were  required. 
Celsus  reconmiends  this  operation  only  for  children  from  nine  to  fourteen 
years  of  age. 

Eginus  describes  what  is  practically  the  same  operation  done  through 
a  lateral  incision.  According  to  him,  the  bladder  should  be  opened 
through  the  neck,  for  wounds  of  the  bladder  wall  do  not  heal  satisfactorily. 
He  speaks  of  the  operation  as  applicable  to  all  ages. 

An  old  variation  of  the  perineal  operation  consisted  in  plunging  a 
sharp  director  into  the  bladder  through  the  ischiorectal  fossa  and  then 
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passing  the  blade  of  the  bistoury  along  the  groove,  and  with  it  making 
an  incision  of  the  required  length.  This  operation  was  so  dangerous  as 
never  to  have  cjome  into  good  repute. 

After  these  early  descriptions  surgical  literature  is  silent  in  regard  to 
lithotomy — a  fact  which  suggests  that  it  was  not  accepted  by  the  author- 
ities, but  was  relegated  to  speciaUsts  and  empirics.  In  the  year  1533 
Marianus  published  a  description  of  the  operation  known  under  the 
name  of  the  apparatus  major,  on  account  of  the  larger  number  of  instru- 
ments required.  This  operation  was  not  original  with  him,  but  his  de- 
scription is  the  first  reliable  one  that  we  have  of  it.  It  was  a  distinct 
advance  over  the  operation  of  "cutting  on  the  gripe"  in  that  a  grooved 
staff  passed  through  the  urethra  was  used  as  a  guide  and  gave  the  opera- 
tion greater  precision.  The  operation  of  Marianus  consisted  in  a  median 
incision  opening  the  deep  portion  of  the  urethra,  through  which  the  neck 
of  the  bladder  was  stretched  either  by  a  two-branched  dilator  or  by  the 
introduction  of  a  gorget.  It  was  practically  the  operation  now  known 
as  the  "boutonni^re,"  and  differed  from  the  later  median  operation  in 
the  fact  that  the  prostate  was  not  incised. 

Franco  later  modified  it  somewhat  and  added  the  use  of  a  concealed 
bistoury  for  incision  of  the  prostate. 

While  the  perineal  operation  was  in  this  stage  of  its  development, 
Franco  was  led  by  necessity  imposed  by  a  ver}'  large  stone  to  adopt  the 
incision  above  the  pubes,  and  thus  became  the  inventor  of  the  suprapubic 
operation,  of  which,  however,  he  did  not  recognize  the  valu^. 

At  the  banning  of  the  eighteenth  centur}'  Fr^re  Jacques  operated 
after  a  method  which  he  had  learned  from  an  itinerant  Uthotomist.  In 
this  operation  the  incision  through  the  perineum  was  made  at  the  left 
side  and  the  operation  was  done  upon  a  staff  in  the  urethra.  He  first 
employed  a  round  staff,  but  later  adopted  the  grooved  staff  which  had  so 
long  been  in  use  for  the  median  operation. 

During  the  eighteenth  century  and  the  early  part  of  the  nineteenth, 
under  the  stimulus  of  success  which  now  attended  the  operative  treat- 
ment of  stone,  many  surgeons  sought  to  further  improve  existing  methods 
and  to  discover  still  safer  routes  into  the  bladder.  Fr^re  Come  introduced 
the  use  of  a  concealed  bistoury  in  the  lateral  operation,  with  the  object 
of  gaining  mathematic  exactitude  for  the  deep  incision.  The  cutting 
goiget  was  also  used  for  the  purpose  of  exactly  limiting  the  incision  in  the 
prostate,  and  the  blunt  gorget  was  introduced  to  dilate  the  deep  incision. 
These  instruments  were  made  in  various  shapes,  and  were  much  recom- 
mended by  their  inventors;  but  today  most  surgeons  use  the  scalpel 
for  the  whole  incision  in  the  lateral  operation,  and  it  is  rare  that  a  litho- 
tome  or  goiget  finds  its  place  in  a  modem  armamentarium. 

In  the  search  for  better  incisions  the  notable  modifications  devised 
were  the  bilateral  operation,  published  by  Dupuytren,  in  which  a  semilunar 
incision  with  its  concavity  backward  was  made  transversely  across  the 
perineum,  and  the  prostate  was  incised  with  a  double  lithotome.  The 
medio-bilaieral,  Civiale's  modification  of  Dupuytren's  operation,  differed 
from  it  in  that  the  incision  through  the  skin  was  on  the  median  line, 
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while  the  incision  in  the  neck  of  the  bladder  was  bilateral.  The  recto- 
vesical operation  consisted  in  a  median  incision  through  the  anterior 
margin  of  the  anus  and  anterior  rectal  wall,  and  so  into  the  bladder, 
either  through  the  prostate  or  through  the  trigone  just  behind  it.  The 
mortality  of  this  operation,  and  the  frequency  of  troublesome  fistulas 
which  followed  it,  prevented  its  general  adoption.  None  of  these  varia- 
tions have  proved  to  be  of  any  especial  value,  and  the  median  and  lateral 
operations  still  hold  their  places  as  the  best  perineal  methods. 

While  perineal  lithotomy  was  passing  through  this  gradual  evolution, 
the  suprapubic  or  high  operation  had  various  periods  of  favor  and  dis- 
credit. It  proved  its  value  for  the  removal  of  large  stones,  but  showed 
itself  to  be  much  more  dangerous  than  the  perineal  operations,  and  so  did 
not  succeed  in  displacing  them  for  the  majority  of  cases.  Later,  however, 
about  1878,  such  improvements  were  made  in  the  technic  of  the  high 
operation  that  it  has  now  for  the  most  part  displaced  the  operation  through 
the  perineum,  which  is  rarely  used  unless  some  coexisting  condition,  such 
as  stricture  of  the  urethra,  enlai^ged  and  obstructing  prostate,  stone  im- 
pacted in  the  urethra,  demands  a  perineal  incision  for  its  proper  treat- 
ment. The  operation  in  such  cases  varies  with  the  conditions  and  does 
not  follow  any  prescribed  form. 

For  this  reason  a  formal  description  of  the  various  perineal  procedures 
is  omitted  here,  and  for  a  consideration  of  them  the  reader  is  referred  to 
the  older  treatises. 

It  is  well,  however,  to  bear  in  mind  that  when  the  bladder  is  approached 
through  the  perineum,  the  rectum  lies  very  close  to  the  membranous 
urethra  and  prostate.  If,  therefore,  these  parts  cannot  be  stretched  to  a 
sufficient  size  to  permit  the  extraction  of  the  stone,  incisions  made  to 
enlarge  the  space  should  be  directed  almost  horizontally  outward,  and  not 
carried  beyond  the  limits  of  the  prostate.  Incisions  made  downward 
in  the  median  line  through  the  vesical  neck  greatly  endanger  the  rectum. 

Stone  Removal  in  Connection  with  Perineal  Prostatectomy. — 
Any  stone  that  is  not  extreme  in  size  may  be  removed  easily  through  the 
neck  of  the  bladder  after  a  perineal  prostatectomy.  The  removal  of  the 
prostate  leaves  a  large  patulous  opening  through  which  the  stone  forceps 
or  scoop  can  be  easily  manipulated.  In  one  case  I  removed,  with  a  lithot- 
omy scoop,  a  dozen  stones  from  one-half  to  three-quarters  of  an  inch 
in  diameter. 

Young,  having  a  stone  too  large  to  pass  through  the  neck  of  the  blad- 
der, enlarged  the  opening  by  an  incision  out  into  the  space  from  which  one 
lateral  lobe  had  been  removed,  and  thus  obtained  space  sufficient  for  the 
removal  of  a  good-sized  stone  without  interference  with  the  functional 
result  of  the  operation. 

A  stone  too  lai^e  for  removal  in  this  way  can  be  crushed  in  situ  and 
then  be  removed  piecemeal,  but  when  its  size  has  been  recognized  before 
operation  it  may  be  well  to  select  the  suprapubic  route,  which  can  also  be 
utilized  for  enucleation  of  the  prostate. 

Suprapubic  Lithotomy.— This  operation  dates  from  1561,  at 
which  time  Pierre  Franco  successfully  performed  it  on  a  young  boy  in 
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whom  he  found  a  stone  too  large  to  pass  through  his  perineal  incision. 
In  1580  Rousset  theoretically  worked  out  a  plan  of  operation  closely 
like  the  approved  modem  method,  including  distention  of  the  bladder 
and  raising  of  the  pelvis  so  that  the  force  of  gravity  should  carry  the  intes- 
tines upward  and  draw  the  bladder  up  out  of  the  pelvis. 

This  excellent  plan  was  not  carried  out,  however,  and  the  operation 
fell  into  disuse.  It  was  revived  in  the  eighteenth  century  and  used 
occasionally,  but  always  with  apprehension  on  account  of  urinary  infiltra- 
tion and  consequent  inflammation. 

In  the  preantiseptic  days  too  a  wound  of  the  peritoneum  during  this 
operation  was  almost  certainly  followed  by  death,  so  that  the  possibility 
of  this  accident  was  a  constant  deterrent  to  sui^eons  when  any  other 
route  was  possible. 

Even  the  added  exactness  and  security  given  by  the  sonde-^-dard  of 
Fr^re  Cdme  did  not  bring  the  operation  into  general  use. 

In  1878  Garson  showed  that  the  fold  of  peritoneum  could  be  raised 
and  the  suprapubic  aperture  considerably  enlarged  by  pressing  the  blad- 
der forward  with  a  distended  rubber  bag  in  the  rectum. 

Petersen  applied  this  observation  to  the  practice  of  suprapubic  cystot- 
omy, and  this  improvement,  coming  simultaneously  with  the  general 
adoption  of  antiseptic  precautions,  gave  the  operation  a  new  and  secure 
footing. 

Later  still  it  has  been  found  that  if  the  patient  is  put  in  the  Trendelen- 
bui^  position,  the  full  bladder  sags  upward  by  its  own  weight  and  widens 
the  suprapubic  interval  sufficiently  for  safe  operative  approach. 

Since  these  improvements  the  operation  has  steadily  gained  in  surgi- 
cal estimation.  It  is  now  the  cutting  operation  of  choice;  affording,  as 
it  does,  opportunity  for  the  removal  of  the  largest  stones  and  for  the 
thorough  inspection  of  the  interior  of  the  bladder,  so  necessary  in  cases 
of  sacculated  stone.  In  many  cases  the  stone  formation  is  secondary  to 
ulcerations  or  tumors  of  the  bladder  wall  or  projections  from  the  prostate, 
and  the  suprapubic  opening  gives  opportunity  for  the  appreciation  and 
treatment  of  these  conditions. 

Description  of  the  Operation. — Under  full  anesthesia  the  bladder 
is  washed  and  filled  with  a  boric  acid  solution.  The  patient  is  then  put 
in  the  Trendelenburg  position,  with  the  hips  raised  so  as  to  cause  the 
abdominal  contents  to  fall  away  from  the  pelvis  and  to  allow  the  bladder, 
drawn  in  the  same  direction  by  its  weight,  to  separate  the  peritoneal  fold 
from  the  pubes. 

The  operator  stands  on  the  right  of  the  patient  and  makes  a  median 
incision  three  to  four  inches  long  just  above  the  pubes.  The  recti  and 
pyramidales  muscles  are  separated  by  blunt  dissection.  Beneath  the 
upper  part  of  this  opening  lies  the  anterior  fold  of  peritoneum,  which  is 
separated  from  the  pubes  by  an  inter\'al  which  varies  in  different  indi- 
viduals from  one-half  an  inch  up  to  two  inches. 

A  thin  fibrous  layer  (fascia  propria,  Velpeau)  connects  the  fold  of 
peritoneum  to  the  upper  edge  of  the  pubes.  This  fascia  is  often  strong 
enough  to  hold  the  peritoneum  down  and  to  make  it  difficult  to  push  it 
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upward  out  of  harm's  way  before  opening  the  bladder.  All  trouble  may- 
be avoided,  however,  if  the  fascia  propria  is  separated  by  a  transverse 
incision  close  to  the  edge  of  the  bone.  The  left  forefinger  now  draws  this 
fascia,  and  with  it  the  fold  of  peritoneum,  upward  and  uncovers  the  an- 
terior wall  of  the  bladder  lying  at  the  bottom  of  the  prevesical  space 
(cavum  Retzii).  The  vessels  in  the  vesical  wall  can  now  be  seen,  and, 
avoiding  them  if  possible,  the  bladder  is  opened  by  a  direct  thrust. 

The  left  forefinger,  which  during  this  part  of  the  operation  has  been 
holding  up  the  peritoneal  fold,  is  at  once  slipped  through  the  opening 
while  it  is  distended  by  the  scaping  fluid,  and  with  it 
llic^   tHmditioii^s   within   the  bladder  iire  investigated. 
The  ai>erture  can  then  be  enlaiigetl  eitlier  by  stretch- 


Tbe  nnjcvnii^ir  Lhe  lefr  huiid  are  pr^ssinK  iIl>wu  Iht-  tieritfjneiitci, 
which  Li  joint^i  lo  the  jmhrs  hy  a  ddicftfi*  whitf^  fa^cin^    Th<f  knife 
pninliH  tnp  thr  iri--*rtinn  nf  ihi^  fa*<nu  into  the  |Uihe^,  frnm  wliirh  il  J!= 
abuul  I  ■  ^  ■         ,.:..:i.-il  Lj,v  nn  inijidicifi  p;iriiU-cl  t*>  ilit  uijper  i-ilne  iif  tin* 
pub«5.s.     WLcii  :Li^  is  Joiie,  iht-  fingers  of  Ihe  left  hauJ  reudily  raise  the 
peritoneal  fold  well  out  of  reach. 


ing  or  with  the  knife.  It  should  be  sufficiently  large  to  permit  of  extrac- 
tion of  the  calculus  without  bruising  of  the  tissues. 

The  forceps  are  now  introduced  on  the  forefinger  as  a  guide,  carried 
to  the  bottom  of  the  bladder,  where  they  are  opened  widely,  rotated  a 
half-turn,  and  then  closed  to  grasp  the  calculus,  which  is  then  withdrawn. 
If  there  are  many  small  calculi  or  if  the  stone  is  broken  in  the  forceps, 
the  lithotomy  scoop  (Fig.  202)  affords  the  best  means  for  their  removal. 
Fine  gravel  and  debris  may  be  washed  out  with  a  stream  of  water  directed 
to  the  bottom  of  the  bladder. 

The  stone  being  removed,  a  careful  search  should  be  made  to  detect, 
if  possible,  the  existence  of  sacculi  in  which  stones  or  debris  might  lie 
concealed.  If  a  sacculated  stone  is  found,  care  should  be  taken  not  to 
severely  lacerate  the  bladder  wall  in  its  removal.     The  opening  should  be 
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dilated  as  far  as  possible  by  gentle  force,  and  if  the  stone  cannot  then  be 
removed, it  is  perhaps  better  to  crush  and  remove  it  piecemeal  than  to  run 
the  risk  of  urinary  infiltration,  which  would  attend  any  incision  into  the 
bladder  wall.  Any  further  operative  measures,  such  as  removal  of  a 
tumor  of  the  prostate,  may  now  be  undertaken. 

After'treatment  of  the  Suprapvbic  Wound. — It  is  usually  wise  to  arrange 
for  drainage  through  the  suprapubic  wound.  The  opening  in  the  bladder 
may  be  closed  by  suture  snugly  up  to  the  tube,  so  that  little  or  no  leakage 
around  it  can  occur.  It  is  often  wise  to  apply  a  second  row  of  sutures 
so  as  to  roll  the  bladder  wall  somewhat  inward.  When  this  is  done,  the 
opening  left  by  the  tube  quickly  closes  when  that  is  withdrawn. 

It  will  sometimes  be  possible  in  an  uninfected  bladder  to  close  the 
incision  in  its  wall  tightly  and  obtain  first  intention  of  the  bladder  wound. 
It  is  well,  however,  to  place  a  gauze  wick  in  the  outer  wound  to  act  as  a 
drain  in  case  the  bladder  suture  leaks.  A  troublesome  extravasation  of 
urine  may  thus  be  prevented.  This  wick  should  be  wrapped  in  rubber 
tissue  to  make  its  removal  easy;  and  it  may  usually  be  taken  out  at  the 
end  of  forty-eight  hours. 


Fia.  202. — Lithotomy  Scoop. 

If  there  is  much  hemorrhage  into  the  bladder,  this  is  to  be  looked  upon 
as  a  contraindication  to  closure  of  the  bladder  wound,  for  if  the  urethra  or 
catheter  is  stopped  by  clots,  the  effort  of  the  bladder  to  free  itself  soon 
reopens  the  wound. 

A  continuous  suture  makes  a  tighter  joint,  and  the  edges  of  the  bladder 
incision  should  be  united  by  a  continuous  catgut  suture.  A  soluble 
material  is  used  for  this  suture,  to  avoid  the  danger  of  subsequent  stone 
formation  upon  the  stitch  as  a  nucleus.  After  this  first  tight  line  of  suture 
has  been  placed,  the  bladder  wall  may  be  still  further  rolled  in  by  inter- 
rupted (Lembert)  sutures.  For  these  outside  stitches,  silk  or  celluloid 
thread  may  be  used  to  give  greater  firmness. 

Some  operators  have  advised  that  the  outer  wall  of  the  bladder  be 
dissected  off  along  the  edges  of  the  incision  in  order  to  prepare  a  fresh 
raw  surface  which  shall  readily  unite  when  drawn  together  by  sutures. 
This  is,  I  think,  a  needless  precaution. 

Whatever  plan  is  followed,  great  care  should  be  taken  that  none  of  the 
stitches  enter  the  cavity  of  the  bladder,  for  if  the  urine  finds  its  way 
along  the  stitches  it  makes  first  intention  unlikely.  The  needle  should 
take  a  good  hold  in  the  outer  layers  of  the  bladder  down  to  the  under 
surface  of  the  mucous  membrane. 
VOL.  IV — 24 


370  STONE   IN   THE   BLADDER. 

Accidents  and  Complications  in  Suprapubic  Lithotomy. — Rup- 
ture of  the  bladder  has  resulted  from  its  overdistention.  While  more 
apt  to  occur  in  the  weak,  sacculated  bladder  of  old  men  it  has  happened 
in  children.  If  a  rectal  bag  is  used  its  pressure  considerably  increases  the 
tension  of  the  bladder.  Rupture  of  the  rectum  has  also  resulted  from  a 
too  zealous  use  of  the  colpeurynter. 

The  possibility  of  these  accidents  indicates  the  need  of  care  in  these 
minor  details  of  the  operation.  If  the  peritoneum  is  wounded,  this 
usually  occurs  during  the  first  incision,  and  the  rent  can  be  tightly  closed 
before  the  bladder  is  opened. 

Stone  in  the  Female  Bladder.— The  short  and  distensible  female 
urethra  affords  a  ready  escape  for  small  renal  calculi  that  reach  the 
bladder  and  for  the  sand  and  gravel  that  form  there.  On  this  account 
good-sized  stones  in  the  female  bladder  are  a  comparative  rarity.  Ob- 
structions leading  to  residual  urine  are  infrequent,  so  that  this  most  fruit- 
ful cause  of  stones  in  the  male  bladder  plays  but  a  small  part  in  the 
female.  On  the  other  hand,  women  are  subject  to  hysteria,  and  the  short 
urethra  is  favorable  to  the  introduction  of  foreign  bodies  about  which 
calculi  may  form. 

It  sometimes  happens  that  large  stones  work  their  way  by  a  combined 
dilatation  and  ulceration  along  the  urethra  and  are  spontaneously  dis- 
charged.   Stones  as  lai^ge  as  a  goose-egg  have  thus  escaped. 

Incontinence  usually  results  from  such  a  stretching  of  the  vesical  neck, 
but  sometimes  stones  four  or  five  inches  in  circumference  have  passed 
with  only  temporary  loss  of  retentive  power.  The  vaginal  septum  is 
sometimes  partially  destroyed  by  ulceration  due  to  pressure,  and  lai^ge 
stones  thus  find  an  exit. 

The  symptoms  of  stone  in  the  female  are  not  essentially  different  from 
those  in  the  male;  but  they  are  sometimes  complicated  by  uterine  and 
other  pelvic  disorders. 

The  physical  examination  of  the  female  bladder  is  an  easy  one.  Through 
the  vaginal  septum  a  stone  of  moderate  size  may  be  made  out  by  bimanual 
examination  when  the  bladder  is  empty.  With  a  finger  in  the  vagina 
and  a  sound  in  the  bladder  all  parts  of  the  vesical  cavity  may  be  thoroughly 
searched. 

C>'stoscopy  is  easy  in  the  female,  and  even  digital  examination  through 
the  dilated  urethra  is  possible,  though  rarely  necessary. 

An  x-ray  examination  is  sometimes  of  value  by  determining  the 
presence  of  a  hairpin  or  other  foreign  body  as  a  nucleus  of  the  stone. 

Operative  Treatment. — Stones  may  be  removed  from  the  female 
bladder  by:  (1)  dilatation  of  the  urethra;  (2)  litholapaxy;  (3)  vaginal 
lithotomy;  (4)  suprapubic  lithotomy. 

Dilatation  of  the  urethra  may  be  used  to  give  room  for  the  removal 
of  very  small  stones  or  of  small  foreign  bodies.  I  have  removed  with 
dressing  forceps  through  the  urethra  a  silver  stitch  which  had  caused 
the  formation  of  several  stones  before  it  was  discovered  and  removed. 

Litholapaxy. — This  operation  is  easily  performed  in  women,  and  is 
to  be  chosen  for  the  great  majority  of  stones.    It  causes  no  injury  of 
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the  parts  and  is  quickly  recovered  from.  With  the  patient  in  the  lithot- 
omy position  the  operation  resembles  a  perineal  lithotrity  in  the  male. 

In  order  to  seize  the  fragments  I  have  found  it  necessary  to  hold  the 
lithotrite  in  an  almost  vertical  position,  so  that  the  blades  rest  on  the  yield- 
ing vaginal  wall  close  to  the  urethra.  They  then  make  a  depression  in 
this  most  dependent  part  of  the  bladder,  into  which  the  fragments  gravi- 
tate and  where  they  may  be  readily  seized.  For  evacuation  of  d6bris  a 
short  and  straight  tube  of  good  size  may  be  used. 

Litholapaxy  is  the  operation  of  choice  unless  the  stone  is  too  large 
and  hard  to  admit  of  crushing  or  unless  it  has  a  hard  body  as  a  nucleus. 
Also  an  encysted  stone  may  elude  the  lithotrite^  Under  any  of  these 
conditions  lithotomy  may  be  required. 

Vaginal  Lithotomy. — This  operation  may  be  done  with  the  patient 
in  the  dorsal  lithotomy  position  or  in  the  Sims  position. 

The  bladder  is  opened  on  the  tip  of  a  sound  which  is  made  prominent 
against  the  vesicovaginal  septum.  This  opening  may  be  enlai^ed  by 
scissors  enough  to  provide  for  the  removal  of  the  stone.  The  wound  in 
the  bladder  may  then  be  closed  by  stitches,  although  small  openings  will 
heal  spontaneously  even  when  not  sutured.  During  the  healing  the  vagina 
and  bladder  should  be  constantly  washed  out  to  prevent  phosphatic  in- 
crustation of  the  wound. 

Suprapubic  Lithotomy. — In  case  of  a  very  lai^e  stone  it  will  some- 
times be  wise  to  resort  to  the  suprapubic  incision  for  its  removal;  also, 
in  children,  before  the  vagina  is  sufficiently  developed  to  give  adequate 
room,  the  suprapubic  operation  may  be  used. 

In  one  instance  I  removed  a  stone  in  this  manner  from  a  child  three 
years  of  age,  and  after  suturing  the  bladder  snugly  I  provided  drainage 
through  an  inlying  catheter  and  obtained  union  by  first  intention.  The 
steps  of  the  operation  do  not  differ  from  those  already  described  in  the 
male. 


CHAPTER  LIX. 
SURGERY  OF  THE  PROSTATE. 

By  Hugh  A.  Young,  M.D., 

BALTIMOBB,  IfD. 

The  prostate  is  an  encapsulated  musculoglandular  organ  which  sur- 
rounds the  urethra  in  its  deeper  portion  and  is  in  intimate  relationship 
with  the  bladder,  rectum,  pubes,  and  perineum,  besides  other  lesser 
structures,  such  as  the  seminal  vesicles,  vasa  deferentia,  Cowper's  glands, 
etc.  It  is  closely  bound  up  by  the  ramifications  of  the  pelvic  fascias. 
It  provides  a  thoroughfare  for  both  the  urinary  and  seminal  canals,  takes 
a  most  important  part  in  both  micturition  and  sexual  intercourse,  and 
is  subject  to  both  the  ascending  and  descending  maladies  of  these  tracts, 
as  well  as  to  infections  that  reach  it  from  its  neighboring  structures. 

Anatomy. — The  shap)e  of  the  prostate  is  somewhat  pyramidal,  with 
the  base  against  the  bladder  and  apex  at  the  membranous  urethra.  It 
is  common  to  compare  it  with  a  horse-chestnut  in  shape.  The  organ  has 
an  apex,  a  base,  an  anterior,  a  posterior,  and  two  antero-lateral  surfaces, 
besides  two  postero-lateral  borders,  where  the  posterior  and  antero- 
lateral surfaces  meet.  The  apex  forms  the  lowest  part  of  the  organ, 
surrounds  the  urethra  where  the  membranous  portion  begins,  and  rests 
upon  the  deeper  layers  of  the  triangular  ligament,  to  which  it  is  firmly 
fixed. 

The  whole  anterior  surface  is  convex,  there  being  no  definite  line  of 
demarcation  between  the  anterior  and  antero-lateral  surfaces.  The 
posterior  surface,  which  lies  closely  adjacent  to  the  rectum,  is  slightly 
concave  from  side  to  side,  in  many  cases  presenting  a  distinct  median 
furrow,  and  as  the  lobes  extend  higher  upward  laterally,  there  is  often  a 
well-pronounced  notch  in  the  base  at  the  upper  end  of  the  posterior  sur- 
face. The  average  dimensions  of  this  surface  are,  from  apex  to  base 
3  to  4  cm.,  and  at  its  greatest  transverse  diameter  4  to  5  cm.  The  antero- 
posterior diameter  is  about  2  cm. 

The  prostate  is  attached  to  the  bladder  by  its  base,  which  is  so  closely 
adherent  anteriorly  and  laterally  that  no  definite  demarcation  between 
the  two  organs  is  visible  without  dissection.  Posteriorly,  however,  the 
base  is  well  removed  from  the  bladder  and  presents  a  definite  border, 
which  is  in  more  intimate  relationship  with  the  seminal  vesicles  than  with 
the  bladder.  The  general  configuration  of  the  prostate  is  well  shown  in 
Fig.  203  (1,  2,  3,  and  4),  taken  from  dissections  made  by  Richardson, 
and  his  views  of  a  prostate,  which  has  been  freed,  with  its  urethra,  from 
the  bladder,  show  very  clearly  the  position  of  the  urethra,  the  backward 
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trend  of  the  lateral  lobes,  which  thus  extend  up  beneath  the  vesical 
trigone,  and  the  short  anterior  surface  with  the  urethra  close  behind  it. 
Figure  1,  a  posterior  view,  shows  the  canal  of  the  ejaculatory  ducts,  which 
enter  distinctly  beneath  the  upper  margin  of  the  posterior  surface.  Figure 
2,  a  view  of  the  base,  also  shows  the  remoteness  of  the  ejaculatory  canal 
from  the  posterior  part  of  the  prostatic  urethra. 

The  relations  between  the  prostata,  the  vasa  deferentia,  and  the  semi- 
nal vesicles  are  shown  in  Fig.  204.  As  seen  here,  the  vasa  and  vesicles 
join  to  form  the  ejaculatory  ducts,  which  enter  the  prostate  in  the  upper 


^ 


Fio.  203. — Normal  Adult  Human  Prostate  (RichardBon). 
1,  Poflterior  surface;   2,  bane;  3,  side  view;  4,  anterior  surface  showing  vesical  orifice  and  imprint 

of  sphincter. 


portion  of  the  posterior  surface  and  pass  downward  and  forward  in  a 
fibrous  canal  which  ends  at  the  verumontanum. 

The  Capsule. — It  is  usual  to  describe  the  investing  membranes  of  the 
prostate  as  composed  of  separate  portions — the  "  capsule"  proper  and 
the  '*  sheath."  They  are  not,  however,  well  defined  and  separate  struc- 
tures, but  over  much  of  the  surface  are  so  intimately  blended  as  to  be 
separated  with  difficulty.  Richardson  has  shown  that  in  animals  there 
is  a  thin  capsule,  and  outside  of  this  a  fascia  in  which  the  veins  course. 
In  men  the  fascias  of  pelvis  and  perineum  have  become  condensed  as  a 
result  of  the  erect  posture  and  the  consequent  extra  strain  which  has  been 
placed  on  the  pelvic  floor.  This  union  of  the  capsule  of  the  prostate 
and  the  surrounding  fascias  has  become  so  close  that,  in  places,  only  by 
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following  the  venous  plexus  as  a  guide  can  the  fascia  (which  contains 
the  plexus)  be  separated  from  the  capsule  beneath. 

The  capsule  then  appears  as  a  rough  membrane  except  upon  part  of 
the  lateral  and  posterior  surfaces,  where  the  separation  of  fascia  and  cap- 
sule is  easily  accomplished.  The  capsule  covers  the  entire  prostate,  but 
it  is  very  firmly  attached  and  cannot  be  stripped  off  without  bringing 
away  portions  of  gland  tissue.  It  is  composed  of  fibrous  tissue  and  in- 
voluntary muscle  which  are  continuous  with  the  glandular  stroma. 

The  Surrounding  Fascias. — The  prostate  is  surrounded  on  all  sides 
by  aponeuroses  which  fix  it  to  the  middle  of  the  perineum,  forming 
what  the  French  call  the  loge  prostatique,    Proust  compares  the  prostate 


Fir..  204. — View  of  Pelvis  from  Behind  (Deaver). 

Showing  posterior  surface  of  the  prostate,  seminal  vesicles,  vasa  deferentia,  and  bladder.     The 

aponeurosis  of  Denonvilliers  has  been  partly  removed. 

encased  in  its  loge  with  a  tooth  in  its  alveolus.  These  pelvic  fascias  are  so 
complex  that  I  have  not  the  space  to  fully  describe  them,  but  those  who 
are  interested  may  consult  the  exhaustive  treatises  of  Cun6o  and  Veau, 
Proust,  Richardson,  Deaver,  Wallace  and  Albarran.'  Suffice  it  to  say 
that  the  prostate  is  surrounded  and  bound  to  the  pubes,  triangular 
ligament,  bladder,  rectum,  and  lateral  pelvic  walls  by  reflections  of  the 
rectovesical  fascia,  as  shown  in  Fig.  205.  This  fascia  springs  from  the 
white  Une,  passes  over  the  internal  surface  of  the  levator  ani  muscle,  and 
divides  into  three  layers:  (1)  a  superior  or  anterior,  w^hich  passes  above 
the  prostatic  plexus  of  veins,  over  the  anterior  surface  of  the  prostate, 
to  which  it  is  adherent  as  well  as  to  the  pubes ;  (2)  a  middle  layer,  which 
passes  beneath  the  lateral  prostatic  plexus  of  veins  and  behind  the  pos- 
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tenor  surface  of  the  prostate;  and  (3)  a  posterior  layer,  which  hugs  the 
anterior  surface  of  the  rectum.  The  last  two  layers  are  loosely  attached 
to  each  other  and  constitute  the  aponeurosis  of  Denonvilliers.  Anterioriy 
this  fascia  (rectovesical)  is  redupUcated  and  forms  two  strong  fibrous 
bands  known  as  the  puboprostatic  ligaments,  between  which  is  a  space  con- 
taining a  venous  plexus  (of  Santorini),  to  which  the  dorsal  vein  of  the  penis 
is  tributary'.  The  periprostatic  plexus  of  veins  is  in  reality  incorporated 
in  the  anterior  layer  of  rectovesical  fascia,  and  Proust  pictures  two  layers 
of  this  fascia  between  which  the  plexus  Ues,  as  shown  in  Fig.  205.  Be- 
tween the  sheath  and  the  capsule  of  the  prostate  are  various  fibrous 
communications  which  are  more  intimate  anteriorly  than  posteriorly. 
Cun^o  and  Veau  have  shown  that  the  aponeurosis  of  Denonvilliers,  which 
is  composed  of  the  middle  and  posterior  layers  of  the  fascia  described 
above,  is  derived  from  a  downward  prolongation  of  the  peritoneum  in 
fetal  life  which  becomes  obUterated 
later  (Fig.  206).  The  serous  surfaces 
disappear,  but  the  fibrous  coats  re- 
main and  are  easily  separable.  In 
approaching  the  prostate  from  the 
perineum  it  is  necessary  to  divide 
the  posterior  layer,  which  is  closely 
attached  to  the  rectum,  in  order  to 
expose  the  posterior  surface  of  the 
prostate,  to  which  the  anterior  layer 
of  Denonvilliers'  fascia  is  closely  at- 
tached. This  fascia  is  continuous 
below  with  the  deep  layer  of  the 
triangular  ligament.  From  there  it 
extends  upward  along  the  posterior 
surface  of  the  prostate  (as  above 
described)  and  thence  over  the  pos- 
terior surfaces  of  the  seminal  vesicles, 
the  vasa  deferentia,  and  the  vessels 

and  nerves  accompanying  them  (see  Fig.  204).  It  forms  a  fascia  of 
considerable  thickness  and  apparently  acts  as  a  definite  barrier  to  the 
backward  extension  of  malignant  prostatic  disease.  The  fact  that  the 
lymphatics  and  vessels  extending  upward  from  the  prostate  he  in  front 
of  and  do  not  perforate  it  shows  the  importance  of  carrying  the  fine  of 
removal  behind  it  in  the  operative  treatment  of  cancer  of  the  prostate. 

The  fascia  which  covers  the  posterior  wall  of  the  bladder  also  has 
important  relations  with  the  seminal  vesicles  and  prostate.  At  the  upper 
ends  of  the  seminal  vesicles  this  fascia  splits,  one  layer  passing  in  front  of 
the  vesicles  and  ampullae  of  the  vasa  deferentia  and  one  behind.  That 
which  passes  in  front,  between  these  structures  and  the  bladder,  passes 
downward  until  it  reaches  the  prostate,  upon  the  capsule  of  which  it  runs 
forward,  separating  this  thin,  superiorly  projecting  portion  of  the  lateral 
lobes  from  the  bladder.  Toward  the  median  line  it  accompanies  the 
ejaculator}'  ducts  within  the  prostate,  forming  the  anterior  part  of  their 


FlO.    205. — DiAURAM     OF    THE    LOOE    PrO»- 
TATIQUE    (Proust). 

P,  pubes;  PL,  plexus  of  Santorini;  t.  a., 
puboprostatic  ligaments;  VI,  periprostatic 
veins;  F.  e.  and  F.  i.,  external  and  internal 
layers  of  sheath  that  incloses  those  veins; 

S>h.  9t.,  sphincter;  ap.  de  D.,  aponeurosis  of 
enon\ilher8  showing   the   two   layers;   R, 
rectum. 
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fascial  covering  or  "  tunnel."  That  portion  of  the  vesical  fascia  which 
passes  behind  the  seminal  vesicles  also  continues  downward,  forming  the 
posterior  covering  of  the  vesicles  and  vasa  and  being  incorporated  and 
continuous  with  the  fascia  of  the  posterior  surface  of  the  prostate  (appar- 
ently being  inseparable  from  the  anterior  leaf  of  DenonvilUers'  aponeiux)sis). 
Along  the  outer  edge  of  the  vesicles  and  along  the  inner  edge  of  the  vasa 
deferentia  the  two  sheets  of  vesical  fascia  are  united,  thus  forming  an 
enveloping  capsule  on  each  side  and  binding  these  structures  firmly 
against  the  base  of  the  bladder. 

Blood-vessels. — The  dorsal  vein  after  piercing  the  triangular  liga- 
ment enters  the  fibromuscular  tissue  which  lies  in  front  of  the  prostate 

and  between  the  puboprostatic 
ligaments.  Near  the  upper  part  of 
the  anterior  surface  of  the  prostate 
it  divides  into  a  right  and  a  left 
branch  which  passes  upward  and 
backward  on  the  surface  of  the 
prostate  close  to  the  bladder,  where 
it  is  joined  by  veins  from  both 
bladder  and  prostate.  Having  ar- 
rived at  the  upper  limit  of  the 
lateral  borders  of  the  prostate, 
these  veins  pass  along  the  outer 
border  of  the  seminal  vesicles,  re- 
ceiving branches  from  the  vesicles, 
vasa,  and  posterior  surface  of  the 
bladder.  Some  veins  from  the 
posterior  surface  of  the  prostate 
run  upward  near  the  middle  line, 
but  they  soon  turn  outward  across 
the  posterior  surfaces  of  the  vesicles 
to  join  the  veins  which  course  along 
the  external  borders.  It  is  thus 
seen  that  all  the  blood  from  the 
penis,  prostate,  and  bladder  is 
poured  into  this  periprostatic 
plexus,  but  it  receives  no  blood  from  parietal  structures. 

Arteries  are  furnished  to  the  prostate  by  the  inferior  vesical,  the  middle 
hemorrhoidal,  and  the  internal  iliac.  The  branches  which  reach  the 
prostate  are  small,  and  enter  at  the  superior  and  lateral  aspects  of  the 
gland.  They  divide  into  numerous  branches  which  surround  the  glandular 
acini. 

The  lymphatics  begin  in  rich  networks  around  the  acini.  According 
to  Sappey,  four  lymphatic  trunks  are  generally  present,  an  antero-lateral 
and  a  postero-lateral  on  each  side.  The  antero-lateral  lymphatic  leads 
to  a  gland  situated  in  the  subpubic  fossa  near  the  iliac  vessels.  The 
postero-lateral  leads  to  a  gland  along  the  lateral  wall  of  the  pelvis,  or  to  a 
gland  near  the  first  iliac  bifurcation.     The  lymphatics  from  the  seminal 


Fio.  206. — Devklopmknt  or  the  Aponkuro- 
BI8  OF  Denon VILLI ER8  (Cun^  and  Veau). 
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vesicles  lead  to  two  glands,  one  situated  just  above  the  upper  end  of  the 
vesicle  and  the  other  farther  back,  along  the  lateral  wall  of  the  pelvis. 

The  nerves  come  from  the  hypogastric  plexus,  accompany  the  arteries, 
have  ganglia  scattered  along  their  course,  and  terminate  in  the  muscles 
and  glandular  culs-de-sac. 

Relations  to  Parietal  Structures. — The  prostate  is  in  relation  to  the 
triangular  ligament  and  perineum  below,  the  levatores  ani  at  the  sides, 
the  pubes  in  front,  the  rectum  behind,  and  the  bladder  and  seminal  vesicles 
above. 

Those  fibers  of  the  levator  ani  beginning  at  the  back  of  the  pubis  pass 
backward  around  the  antero-lateral  aspects  of  the  prostate  and  unite 
beneath  it,  blending  with  the  fibers  of  the  superficial  transverse  perineal 


Fig.  207. — Anatomic  Prkparation  or  the  Perineum  (Proust). 
The  anterior  superficial  perineum  has  been  completely  removed.     The  urogenital  triangle 
perforated  by  the  urethra  (u)  and  ita  junction  with  the  recto-urethral  muscle  (m  r  u)  forma  the 
semilunar  arch  of  the  perineum. 

and  external  sphincter  ani  muscle  at  the  central  tendinous  part  of  the 
perineum.  To  this  portion  of  the  levator  ani  muscle  Santorini  has  given 
the  name  of  levator  prostatse. 

Between  the  anterior  part  of  the  prostate  and  the  rectum  is  a  small 
muscle  known  as  the  recto-urethralis.  It  is  attached  anteriorly  to  the 
posterior  border  of  the  triangular  ligament  and  the  membranous  urethra, 
and  from  there  runs  backward  and  is  inserted  into  the  anterior  wall  of 
the  rectum.  It  is  short  and  rather  indefinite,  but  performs  the  impor- 
tant function  of  drawing  the  anterior  part  of  the  terminal  portion  of  the 
rectum  into  a  large  ad-de-saCy  cap  rectale^  or  vessie  l^calCj  as  it  has  been 
variously  styled  by  the  French.  Fig.  207,  taken  from  Proust,  shows  the 
recto-urethral  muscle,  which  is  described  by  him  as  having  broad  attach- 
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ments  to  the  triangular  ligament  and  pronounced  semilunar  borders. 
The  anterior  portion  of  the  levator  ani  muscles  which  encircle  the  sides 
of  the  prostate  and  membranous  urethra  are  more  or  less  fused  with  this 
recto-urethralis  muscle,  and  at  operation  it  is  generally  difficult  to  ob- 
tain the  picture  shown  by  Proust. 

Between  the  recto-urethralis  muscle  and  the  prostate  lie  the  two 
layers  of  Denonvilliers'  aponeurosis,  as  shown  in  Fig.  208.  This  diagram 
shows  the  importance  of  dividing  the  recto-urethral  muscle  when  approach- 
ing the  prostate  from  the  perineum  in  order  to  property  push  back  the 
rectum  and  have  easy  access  to  the  space  between  the  two  layers  of  the 
aponeurosis  of  Denonvilliers. 

Comparative  Anatomy. — After  a  careful  study  of  the  prostate  in 
various  animals  Richardson  says:  "In  animals  it  is  usual  to  speak  of 
two  prostates,  because  even  when  the  two  glands  are  united  to  form  one 

mass,  it  is  evident  that  the 
mass  is  composed  of  two 
portions,  but  in  a  great 
number  of  animals  the 
two  portions  are  entirely 
separate  glands.  Just  as 
there  are  two  seminal  ves- 
icles and  two  Cowper's 
glands,  so  there  are  two 
prostates,  a  right  and  a 
left  gland.  The  prostatic 
ducts  always  open  into 
that  part  of  the  urethra 
between  the  bladder  and 
the  bulb  which  is  developed 
from  theentodermal  cloaca;, 
and  which  is  called  a  mus- 
cular urethra.  Into  this 
portion  the  vasa  deferentia , 
seminal  vesicles,  utriculus  mascuUnus  also  enter,  and  these  ducts  have  the 
same  relation  to  each  other,  the  prostates  always  entering  lowest,  and  on 
either  side  of  the  middle  Une."  The  prostates  in  animals  vary  from  mere 
cecal  diverticula,  as  in  the  guinea-pig,  to  a  complicated  racemose  glandular 
structure  similar  to  those  in  man.  Richardson  thinks  that  the  prostate 
gland,  seminal  vesicles,  and  Cowper's  glands  have  the  same  function  in 
animals,  viz. ,  to  provide  a  medium  in  which  the  spermatozoa  can  live.  The 
comparative  size  of  these  accessor^'  glands  varies  very  greatly  in  different 
animals.  In  some  the  seminal  vesicles  are  of  huge  size  and  the  prostate 
and  Cowper's  glands  insignificant,  and  in  others  the  opposite  is  the  case. 
Cowper's  glands  are  always,  and  the  prostates  almost  always  present, 
but  the  seminal  vesicles  are  often  absent  and  replaced  by  enlarged  vasa 
deferentia.  In  animals  the  prostates  are  never  situated  close  to  the 
bladder,  as  in  man,  but  are  appendages  of  the  urethra,  and  in  no  way 
connected  with  the  bladder.     The  utricle  opens  posteriorly  in  the  median 
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Fig.  208.- 


-  Anteroposterior  Section  of  True  Pelvis  in 
THE  Male  (Proust) 
A,  Central  tendon;  B,  space  between  bulb  and  rec- 
tum;   C,    recto-urethridis   muscle;    D,  posterior   layer  of 
aponeurosis  of  Denonvilliers;  E,  space   between  the  two 
layers  of  aponeurosis  of  Denonvilliers. 
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line  of  the  urethra  and  nearest  to  the  bladder  of  all  the  accessory  ducts. 
On  each  side  of  the  utricle  are  the  orifices  of  the  vasa  deferentia.  Still 
lower  down,  and  at  a  considerable  distance  from  the  bladder,  the  ducts  of 
the  prostates  open  into  the  urethra  on  each  side  posterioriy.  The  fact 
that  in  animals  the  utricle  enters  the  urethra  in  an  entirely  different 
level  than  the  prostatic  ducts  shows  that  the  prostate  cannot  be  considered 
the  homologue  of  the  female  uterus,  which  arises  from  the  same  fetal 
structure  as  the  utricle,  the  Miillerian  duct. 

Histology. — The  prostate  consists  of  gland  tissue  surrounded  by 
stroma  which  is  continuous  with  the  capsule,  the  urethra,  and  the  bladder. 
Convergent  strands  of  stroma  extend  from  different  points  of  the  capsule 

Urethra 


Ejaculatory  ducts. 

Fig.  209. — ^Transverse  Section  of  Human  Prostate  Close  to  Bladder  (Suqhtly  Magnified) 

(Richardson). 

Shows  capsule,  stroma,  sheath,  anterior  commissure,  lobules  of  lateral  lobes,  separate  lobules  of 

middle  lobe  focusing  on  back  of  urethra,  and  the  ejaculatory  ducts. 

and  end  in  the  urethra,  thus  dividing  the  prostate  into  a  large  number  of 
lobules,  each  of  which  is  in  reality  a  separate  gland,  according  to  Richard- 
son, and  has  its  own  secreting  duct.  The  duct  Ues  in  the  center  of  each 
lobule  and  receives  the  secretion  of  many  small  tubules  which  radiate 
from  it.  Between  the  tubules  and  the  stroma  is  a  layer  of  connective 
tissue  containing  the  vessels  and  ner\^es,  and  upon  this  lies  a  basement 
membrane.  Next  comes  the  secreting  epithelium,  composed  of  columnar 
epitheUum  upon  a  layer  of  round  cells.  The  walls  of  the  acini  are  throw  n 
into  folds  so  that  a  large  secreting  surface  is  obtained.  The  tubules  are 
closely  and  irregularly  packed  together  except  where  gland  tissue  is 
scarce.  The  stroma  consists  of  fibrous  tissue,  involuntary  muscle,  and  a 
few  elastic  fibers. 
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The  glandular  tissue  lies  mostly  on  each  side  of  the  urethra,  where  it 
forms  the  two  lateral  lobes.  There  is  very  little  glandular  tissue  in  the 
anterior  commissure,  which  is  almost  entirely  composed  of  smooth  muscle 
and  fibrous  tissue.  Posterioriy  gland  tissue  is  found  beneath  the  urethra, 
where  it  is  separated  into  an  inferior  and  a  superior  portion  by  the  tunnel 
of  fascia  which  contains  the  ejaculatory  ducts.  The  superior  portion  is 
thus  described  by  Richardson:  "At  the  upper  and  posterior  part  each 
lateral  glandular  mass  is  united  to  its  fellow  of  the  opposite  side  by  a  collec- 
tion of  gland  tissue  which  lies  below  the  base  of  the  bladder,  behind  the  pos- 
terior wall  of  the  urethra,  and  in  front  of  the  tunnel  for  the  common  ejacula- 
tory ducts  (Fig.  209) .  This  mass  of  gland  is  called  the  third  or  middle  lobe, 
or  the  median  portion  of  the  prostate.  It  is  true  that  it  is  not  completely 
separated  from  the  lateral  lobes,  with  which,  indeed,  it  is  structurally 
continuous  on  each  side,  but  it  is  nevertheless  different  from  the  main 
masses  of  the  prostate.  Its  anatomic  position  in  the  middle  line  seems 
to  mark  it  off  from  the  rest  of  the  gland  as  a  separate  portion.  When  the 
vasa  deferentia,  the  seminal  vesicles,  and  the  common  ejaculatory  ducts 
have  been  removed,  it  can  be  seen  to  project  as  a  small  mount  on  the 
posterior  aspect  of  the  prostate  immediately  above  the  depression  for 
the  seminal  ducts,  in  the  interval  between  that  depression  and  the 
base  of  the  bladder.  This  piece  of  gland  lies  under  a  different  part  of 
the  urethra  from  the  lateral  lobes,  viz.,  not  under  either  prostatic 
sinus,  but  under  a  higher  part  of  the  posterior  wall  of  the  urethra 
immediately  below  the  uvula  vesicae  in  that  V-shaped  area  previously 
described.  It  is  more  commonly  the  seat  of  pathologic  change  than  the 
rest  of  the  prostate.  It  is  often  the  only  part  of  the  organ  which  enlarges 
in  old  age,  and  when  so  enlarged  it  appears  to  be  quite  independent  of 
the  rest  of  the  prostate.  For  these  reasons  it  appears  to  merit  a  distinc- 
tive name;  what  that  name  may  be  is  not  of  great  importance,  whether 
it  be  *  median  portion'  or  *  third  lobe'  or  *  middle  loloe.'  Whether  its 
existence  be  denied  or  admitted,  there  is  no  escape  from  reference  to  it 
both  in  anatomy  and  pathology." 

Abnormities  and  Cysts  of  the  Prostate.— Probably  the  simplest 
method  of  classifying  these  conditions  is  along  anatomic  lines  consider- 
ing the  abnormities  of  the  prostate  as  a  whole — of  its  separate  lobes, 
of  its  structures  normally  present,  of  the  structures  embryologically 
associated  with  it,  its  cystic  abnormities,  and  those  of  the  closely  related 
structures  which  may  secondarily  involve  the  prostate,  or  at  least  cause 
confusion  in  differentiation  from  those  of  the  gland. 

The  etiology  of  the  truly  developmental  errors  of  the  prostate  is  ex- 
plained by  an  interference  in  the  normal  building  of  the  gland  at  some  stage 
of  fetal  life.  The  persistence  of  certain  embryologic  structures  closely 
alUed  to  the  prostate,  which  may  secondarily  undergo  pathologic  changes, 
the  blocking,  either  developmental  or  pathologic,  of  normally  patent  tu- 
bules or  ducts  or  of  the  sinus  pocularis,  the  secondary  involvement  of  the 
gland  by  abnormal  conditions  existing  in  proximal  organs  or  regions — all 
may  lead  to  conditions  in  the  prostate  far  removed  from  the  normal. 

The  pathology  of  these  conditions  is  naturally  as  varied  as  the  condi- 
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tions  themselves.  Where  the  error  is  purely  developmental,  no  real 
pathologic  condition  can  be  said  to  exist.  Simple  arrested  development 
will  show  the  picture  existing  at  the  time  the  normal  growth  ceased. 

Reports  in  the  Uterature  of  anomalies  of  the  prostate  are  not  very 
numerous,  and  with  the  rarest  exception  are  seen  nearly  always  in  con- 
nection with  other  anomalies  of  the  genito-urinary  tract.  The  close 
association,  both  embryologically  and  physiologically,  of  the  testicle 
with  the  prostate,  and  the  dependence  of  the  latter  upon  the  former  for 
its  proper  functioning  and  development,  make  the  prostate  peculiarly 
susceptible  to  abnormities  of  the  testicle.  The  large  proportion  of  the 
abnormities  of  the  prostate  as  a  whole  are  associated  with  the  condition 
of  cryptorchidism.  Here  arrested  development  and  bilateral  atrophy 
of  both  lobes  exist  in  varying  degrees.  Comelli  reports  the  case  of  a 
newborn  in  which  there  was  complete  absence  of  prostate,  seminal  vesicles, 
and  utricle  in  association  with  cryptorchidism.  Synmietric  anomalies 
may  exist  in  association  with  exstrophy  of  the  bladder,  the  roof  being 
entirely  wanting,  though  the  floor,  according  to  Keyes,  never  fails  in  this 
condition.  In  cases  of  pseudo-hermaphroditism,  absence  or  symmetric 
atrophy  is  prone  to  exist,  while  defective  development  has  occasionally 
been  noted  in  sexual  perverts  (Lydston).  Changes  in  the  prostate  are 
also  noted  in  association  with  the  condition  of  parenchymal  sclerosis 
of  the  testicle  (Launois). 

Launois  reports  several  cases  of  monorchidism  associated  with  marked 
arrested  development  of  the  corresponding  lobe  of  the  prostate  and  of 
the  seminal  vesicle  of  the  same  side,  the  opposite  lobe  and  vesicle  being 
normal.  Viannay  and  Cotte  have  reported  a  case  of  congenital  absence 
of  kidney  and  ureter  of  the  right  side  associated  'with  absence  of  right 
seminal  vesicle  and  ejaculatory  duct  and  an  atrophied  right  testicle 
and  right  lobe  of  the  prostate. 

Socin  and  Burckhardt  lay  stress  on  the  condition  to  which  Englisch 
first  called  attention,  of  retention  cysts  due  to  the  closure  of  the  urethral 
outlet  of  the  sinus  pocularis.  In  seventy  autopsies  on  the  newborn 
Englisch  found  this  condition  existing  in  over  7  per  cent.  Children 
in  whom  the  first  emptying  of  the  bladder  occurs  on  the  second  or  third 
day,  either  spontaneously  or  by  instrumentation,  will  show  frequently  at 
first,  before  the  appearance  of  the  urine,  a  few  drops  of  a  yellowish  mucoid 
substance,  the  cyst  contents,  which  have  escaped  by  rupture.  These 
cysts  may  even  be  large  enough  to  encroach  upon  the  rectum,  where 
they  may  be  felt,  and  probably  some  of  the  cases  of  enlarged  sinus  pocu- 
laris in  adults  are  merely  the  remaining  evidences  of  early  cysts  of  this 
structure.  Beraud  reports  a  case  of  complete  absence  of  the  right  half 
of  the  prostate,  the  vasa  deferentia  uniting  above  the  prostate.  Cases  of 
atresia  of  the  ejaculatory  ducts,  closure  of  their  outlets,  and  dilatation 
of  their  blind  endings,  leading  to  marked  increase  in  volume  of  the  collic- 
ulus,  and  blocking  of  the  urethra  have  been  reported  by  Rindfleisch. 

Lydston  reports  cases  in  which  the  urethra  was  situated  laterally  or 
pursued  a  markedly  tortuous  course  in  young  adults.  Congenital  bands, 
transversely  crossing  the  urethra,  have  also  been  noted. 


382  SURGERY   OF  THE   PROSTATE. 

Luschka  reported  a  case  in  which  well-defined  tissue  identical  with 
prostatic  tissue  was  present  at  the  base  of  the  penis,  about  2  cm.  in  front 
of  the  union  of  the  corpora  cavernosa. 

Cysts  in  the  region  of  the  prostate  may  also  be  congenital  anomalies 
of  the  remains  of  embryonal  structures,  non-obliterated  Miillerian  ducts, 
and  Wolffian  bodies.  Cysts  arising  from  the  seminal  vesicles  and  the 
ducts  may  give  rise  to  tumors  in  this  region.  Retention  cysts  due  to  the 
blocking  of  the  gland-ducts  may  reach  a  comparatively  large  size,  some- 
times causing  retention  of  urine. 

Echinococcus  cysts  of  the  prostate  have  been  described  by  Nicaise, 
Lodwell,  Winterberg,  Butreuille,  Tillaux,  and  Millet,  but,  according  to 
Durrieux,  the  great  majority  of  echinococcus  cysts  of  this  region  have 
arisen  outside  of  the  prostate. 

Symptoms. — According  to  Durrieux,  the  symptoms  of  compression 
of  the  rectum  and  the  bladder — retention,  dysuria,  constipation — fre- 
quently initiate  the  examination  which  leads  to  the  discovery  of  the 
cyst.  Catheterization  for  retention  has  led  to  the  perforation  of  these 
cysts  into  the  urethra  and  bladder.  If  large  enough,  the  cyst  may  be 
felt  both  abdominally  and  per  rectum,  where  it  exhibits  no  signs  other 
than  those  of  a  simple  cyst.  Puncture  is  diagnostic,  but  not  without 
danger,  owing  to  the  great  possibility  of  infection.  Rupture  into  the 
bladder  may  lead  to  great  pain  in  this  region,  hematuria,  and  frequency. 
Rupture  into  the  rectum  is  associated  with  the  danger  of  infection. 
The  best  mode  of  treatment  seems  to  be  evacuation  and  removal  of 
the  cyst  via  the  abdomen,  if  possible. 

Many  of  the  other  abnormities  produce  no  symptoms  other  than 
those  resultant  from  lack  of  sexual  development.  We  have  not  the  space 
to  describe  these  at  length  or  to  dwell  upon  the  surger}'^  required. 

Traumatisms. — The  traumatic  lesions  of  the  prostate  include  con- 
tusions, injuries,  and  false  routes.  Although  the  bladder  and  urethra 
are  frequently  ruptured  by  injuries  to  the  pelvis  and  its  structiu^,  the 
prostate  itself  is  singularly  free  from  injury.  Albarran  was  able  to 
find  only  one  case,  which  had  been  cited  by  Velpeau,  of  an  extensive 
perineal  traumatism  in  which  the  prostate  was  studded  with  small  hemor- 
rhages. In  fractures  of  the  pelvis  it  is  not  infrequent  for  the  prostate  to  be 
torn  off  from  the  membranous  urethra.  One  such  case  occurred  in  my 
practice.  Here  a  perineal  incision  disclosed  a  separation  of  three  inches 
between  the  prostate  and  membranous  urethra,  the  intervening  space 
being  filled  up  by  a  huge  blood-clot.  It  is  interesting  to  note  that  although 
the  bladder  was  greatly  distended  with  urine,  there  had  been  no  leakage 
through  the  prostatic  urethra.  In  this  case  an  anastomosis  between  the 
prostate  and  membranous  urethra  was  easily  accomplished  and  no  stric- 
ture followed  the  healing  of  the  wound,  but  the  patient  never  had  erec- 
tions of  the  penis  afterward. 

One  finds  numerous  reports  of  injuries  to  the  prostate  in  time  of  war 
from  bullets,  spears,  sabres,  etc.  Such  injuries  have  also  been  produced 
by  falling  astride  sharp  objects.  The  symptoms  and  treatment  are 
evident. 
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False  routes  of  the  prostate  are  the  result  of  the  passage  of  instru- 
ments. Owing  to  the  sharp  curve  taken  by  the  urethra  at  the  triangular 
ligament,  and  to  certain  anatomic  irregularities  in  the  prostatic  urethra, — 
verumontanum,  utricle,  ejaculatory  ducts,  prostatic  sinuses,  and  uvula 
vesicae, — some  traumatism  may  occur  in  even  normal  cases,  especially  if 
instruments  of  small  size  and  with  sharp  points  are  used.  On  account 
of  its  superior  ability  to  enter  the  membranous  urethra  from  the  bulb 
,  and  to  ride  over  the  verumontanum  and  the  uvula  vesicae,  the  flexible 
gum  coud6  catheter  (of  Porg^s  make,  which  can  be  boiled)  is  the  instru- 
ment of  choice  for  catheterization,  even  in  normal  cases.  A  rubber 
N^laton  catheter  frequently  catches  in  the  bulb  of  the  urethra,  in  front  of 
the  spasmodically  closed  external  or  vesical  sphincters,  and  a  metal  cath- 
eter should  always  be  used  with  great  care,  owing  to  the  greater  danger 
of  traumatism. 

The  marked  alterations  in  the  urethra  and  prostate  produced  by  path- 
ologic processes  often  render  it  very  difficult  to  insert  any  instrument,  and 
false  passages  have  been  of  frequent  occurrence.  In  the  Museum  of  the 
Royal  College  of  Surgeons,  London,  one  may  see  many  striking  exam- 
ples of  this  character,  not  only  false  routes  through  enlarged  middle  or 
lateral  lobes,  but  also  through  the  urethra  at  the  site  of  strictures. 

Albarran  recognizes  three  degrees:  Rupture  of  the  urethral  wall 
alone;  incomplete  false  route  extending  into  the  prostatic  tissues;  com- 
plete false  route  or  tunnel  into  the  bladder. 

These  are  merely  variations  in  the  degree  of  the  injury  produced 
and  the  symptoms  which  accompany  them  are  very  variable.  In  some 
cases  very  little  trouble  is  produced,  but  in  many  cases  hemorrhage, 
severe  prostatic  or  periprostatic  infections,  suppurations,  and  sepsis 
result. 

The  diagnosis  should  be  made  at  the  occurrence  of  theinjury,but,as  a 
matter  of  fact,  if  the  proper  instruments  were  selected,  care  exercised, and 
particularly  if  all  forceful  efforts  were  avoided,  false  passages  would 
practically  never  occur.  The  production  of  considerable  hemorrhage 
and  the  inability  to  withdraw  urine  when  the  catheter  has  apparently 
entered  the  bladder  should  make  one  suspect  a  false  passage  at  once. 
The  inability  to  turn  a  metal  instrument  generally  indicates  that  its  point 
is  not  free  in  the  bladder  cavity. 

The  treatment  is  both  prophylactic  and  curative.  As  remarked 
above,  if  one  has  the  proper  instruments,  avoids  unyielding  and  sharp- 
pointed  catheters  and  sounds,  and  is  careful  not  to  use  force,  false  pas- 
sages should  never  occur  either  in  stricture  or  prostatic  hypertrophy. 
Curative  treatment  is  generally  not  necessary,  as  the  injury  often  heals 
rapidly  if  it  is  not  repeated.  In  some  cases  it  may  be  advisable  to  make 
use  of  a  catheter  h  d&meure  for  a  protracted  period,  and  sometimes  perineal 
or  suprapubic  drainage  is  advisable.  In  case  of  severe  infection,  abscess 
formation,  urinary  infiltration,  etc.,  the  appropriate  operative  measures 
should  be  taken. 

Recto-urethral  fistulas  should  be  included  here,  as  they  are  almost 
always  the  result  of  injury  of  the  rectum  during  perineal  operation  upon 
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the  prostate  and  bladder.  In  most  cases  there  is  a  communication  be- 
tween the  middle  of  the  prostatic  urethra  and  the  rectum,  through  which 
urine  escapes  into  the  rectum  or  feces  into  the  urethra.  As  mentioned 
elsewhere,  the  anterior  surface  of  the  rectum  is  in  close  proximity  to  the 
membranous  urethra  and  prostate,  being  held  there  by  the  recto-urethralis 
muscle,  and  in  operations  through  the  perineum,  unless  this  muscle 
and  the  posterior  layer  of  the  fascia  of  Denonvilliers  are  divided  and  the 
rectum  carefully  pushed  back,  it  is  quite  likely  to  be  injured.  If  in  closing 
the  wound  the  rectum  is  left  unprotected  and  unsupported  by  the  failure 
of  the  operator  *to  approximate  the  separated  levator  ani  muscles,  necro- 
sis may  result.    In  both  cases  a  rectal  urethral  fistula  is  apt  to  occur. 

A  recto-urethral  fistula  is  often  not  only  one  of  the  most  uncomfortable 
conditions,  but  also  one  of  the  most  difficult  to  cure.  This  is  due  to  the 
fact  that  the  wound  is  very  apt  to  break  down  after  plastic  operations 
for  its  closure.  Various  methods  have  been  advocated,  one  being  that 
of  Tuttle,  a  plastic  closure  of  the  urethral  and  rectal  openings  separately, 
with  drainage  of  the  bladder  through  a  retained  urethral  catheter.  This 
method  was  always  unsuccessful  in  my  hands  until  I  added  to  it  supra- 
pubic drainage,  thus  doing  away  with  the  retained  urethral  catheter, 
and  the  spasmodic  efforts  of  urination  which  occurred  after  its  removal. 
Since  adopting  this  method  I  have  had  no  difficulty  in  effectually  curing 
recto-urethral  fistulas  which  had  previously  resisted  all  efforts  to  cure 
them  without  suprapubic  drainage. 

Prostatic  Calculi. — Prostatic  calculi  may  be  divided  into  two 
groups,  on  account  of  their  origin  and  location:  (1)  Calculi  which  lodge 
in  the  prostatic  urethra,  having  escaped  from  the  kidney,  bladder,  or 
seminal  vesicles,  and  the  small  group  of  cases  in  which  the  stone  is 
primarily  formed  in  the  posterior  urethra.  (2)  Calculi  which  are  formed  in 
the  substance  of  the  prostate  gland — the  true  prostatic  calculi.  This  second 
group  is  entirely  distinct  in  origin  and  nature  from  the  urinary  calculi. 

On  account  of  the  intimate  relation  existing  between  corpora  amylacea 
and  prostatic  calculi,  it  is  necessary  to  consider  the  former  before  taking 
up  the  subject  of  true  prostatic  stones. 

Corpora  amylacea  ("corpora  amyloidea,"  "corpora  coUoidea," 
"  prostatic  concretions")  are  found  in  various  organs  of  the  body.  Since 
Morgagni  described  and  likened  them  to  tobacco  seeds  in  1723,  they  have 
been  studied  and  variously  described  by  numerous  investigators.  Thomp- 
son says  they  are  always  present  after  the  twentieth  year,  but  he  also 
found  them  in  the  prostate  of  a  child.  In  late  life  they  are  more  numer- 
ous and  larger  than  in  young  men,  and  in  prostatic  hypertrophy  they  are 
especially  numerous.  These  amylaceous  bodies  may  he  single  or  multi- 
ple and  scattered  throughout  the  gland,  but  chiefly  in  the  ducts  about  the 
verumontanum.  In  one  prostate  which  Thompson  dissected  he  estimated 
that  several  thousand  of  these  bodies,  visible  to  the  naked  eye,  were 
present.  Their  size  is  microscopic,  as  a  rule,  and  their  form  round,  oval, 
or,  when  compressed,  angular;  their  outlines  are  well  defined;  in  color 
they  vary  from  light  to  dark  yellow,  growing  darker  with  age  and  size. 
The  central  part,  or  nucleus,  looks  like  a  fused  mass  of  cells  and  is  sur- 
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rounded  by  an  outer  laminated  substance  with  radiate  striations.  On 
section  small  corpora  amylacea  seem  to  be  homogeneous;  the  larger 
show  the  laminated  structure  more  distinctly  and  resemble  small  uric 
acid  calculi  somewhat;  hence  probably  arose  the  idea  that  these  bodies 
were  of  urinary  origin. 

Ziegler  says  the  process  is  entirely  dependent  upon  a  local  condition, 
being  in  part  a  degeneration  of  the  epithelial  and  in  part  a  degeneration 
of  the  connective-tissue  cells.  Quekett  thought  there  was  a  deposition 
of  earthy  matter  in  the  secreting  celk  of  the  gland ;  Mercier,  a  stagnation 
of  the  prostatic  secretion  and  separation  of  calcium  salts;  Virchow, 
the  separation  of  an  albuminous  body  about  the  amyloid  degenerated 
cells  as  a  nucleus.  Siegert:  (a)  those  which  give  the  iodid  reaction  and 
never  calcify  are  probably  due  to  a  stagnation  of  the  gland  fluid;  (6) 
those  which  never  give  the  iodin  reaction  are  due  to  calcified  glandular 
epithelium.  Posner  classes  the  concretions  as  calculi  and  considered 
lecithin  an  essential  constituent.  Englisch  shares  Posner's  view  that 
the  amyloid  bodies  are  true  stones,  and  mentions  as  a  final  cause  of  their 
formation  the  possibility  of  a  microbic  invasion  of  the  gland.  The  small 
bodies  are  mostly  organic  (in  fact,  those  microscopic  in  size  may  be  en- 
tirely so)  and  the  larger  bodies  are  chiefly  inorganic. 

According  to  Thompson,  corpora  amylacea,  having  attained  the  size 
of  their  inclosing  follicle,  act  as  foreign  bodies,  and  in  consequence  of  the 
general  law  that  all  mucous  membranes  when  sufficiently  irritated  throw 
out  a  deposit  of  calcium  phosphate  and  carbonate,  ultimately  forpi  cal- 
culi. The  amount  of  earthy  matter  varies  from  45  per  cent,  in  the  con- 
cretion to  85  per  cent,  in  the  calculus. 

There  have  been  eleven  cases  of  prostatic  calculi  in  my  practice.  In 
eight  cases  they  were  found  embedded  in  the  prostatic  tissue  and  removed 
with  enlarged  prostates.  Their  size  was  variable,  but  generally  about 
the  size  of  a  millet-seed.  In  most  cases  they  were  scattered  irregularly 
throughout  the  lateral  lobes,  but  in  one  case  they  were  only  found  in  the 
periphery  beneath  the  capsule,  and  in  another  case  only  in  the  median 
lobe.  In  none  of  these  cases  was  there  a  history  suggesting  renal  lithiasis, 
and  only  three  were  associated  with  vesical  calculi.  In  two  cases  the 
calculi  lay  partly  in  the  urethra  and  partly  in  the  prostate. 

The  prostate  was  only  sUghtly  enlarged  in  most  cases  and  a  marked 
prostatitis  was  generally  present.  In  one  case,  a  child  four  years  of  age, 
a  calculus  1.5  cm.  in  diameter  was  removed  from  the  left  lobe  of  the  pros- 
tate through  a  perineal  incision.  In  another  case,  a  patient  aged  thirty- 
six  years,  three  calculi  almost  completely  filled  the  prostatic  capsule, 
the  gland  tissue  being  greatly  compressed  and  thinnwi.  Another  case 
was  found  at  autopsy  and  showed  multiple  seed  calculi  in  the  substance 
of  the  prostate  associated  with  prostatitis.  The  other  eight  cases  were 
in  elderly  men  suffering  with  prostatic  obstruction.  In  these  the  presence 
of  calculi  did  not  at  all  complicate  the  operation  of  perineal  prostatectomy. 

The  number  of  calculi  present  may  vary  from  one  to  several  hundred. 
They  are  generally  a  little  less  than  that  of  a  barley-seed  in  diameter, 
but  they  may  range  in  size  from  2  mm.  to  3  or  4  cm. 
VOL.  IV — ^25 
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As  a  rule,  these  stones  have  a  smoother  surface  than  urinary  calculi, 
but  occasionally  chemical  analysis  is  necessary  in  order  to  distinguish 
one  from  the  other.  The  lamellaB  are  of  irregular  thickness  and  between 
them  organic  matter  may  be  found.  The  individual  lamelke  may  give 
different  reactions  and  vary  in  hardness.  When  the  stones  are  small  and 
numerous,  the  gland  on  section  has  a  somewhat  sieve-hke  appearance; 
frequently  there  is  an  associated  glandular  hypertrophy  and  periacinous 
round-cell  infiltration.  The  epithelium  Uning  the  sac  may  have  entirely 
disappeared,  and  in  some  instances  pressure  atrophy  causes  a  disappear- 
ance of  the  entire  gland  with  the  exception  of  its  capsule. 

Symptoms. — The  evolution  of  the  cUnical  symptoms  in  cases  of  pros- 
tatic calculi  is  slow,  as  a  rule,  depending  in  a  large  degree  upon  the  loca- 
tion, the  size,  and  the  number  of  stones.  At  times  the  symptoms  may  be 
masked  by  complications,  such  as  renal  or  vesical  calculus,  prostatic 
hypertrophy,  or  urethral  stricture.  Stones  deeply  embedded  in  the  gland 
cause,  as  a  rule,  but  slight  disturbance,  and  the  gland  may  be  filled  with 
stones  and  yet  no  marked  symptoms  occur.  Irritability  of  the  bladder  and 
pain  are  sometimes  present;  the  latter  may  be  little  more  pronounced 
than  a  sensation  of  weight  and  fullness  in  the  perineum  and  associated 
only  with  urination  or  defecation.  Frequency  or  hesitancy  of  urination 
is  seen  oftener  than  initial  or  terminal  hematuria,  the  latter  being  much 
more  constant  and  characteristic  in  the  case  of  vesical  stone.  Retention 
or  incontinence  occurs  especially  if  stones  are  located  in  the  middle  lobe. 
Pyuria  is  seen  in  those  cases  in  which  there  is  a  communication  existing 
with  the  urethra.  Occasionally  the  genital  symptoms  assume  marked 
prominence;  testicular  pain,  frequent  ejaculations,  feeble  erections,  and  a 
condition  of  semi-priapism  having  been  noted  in  different  cases.  Fre- 
quency or  hesitancy,  and  slight  perineal  or  suprapubic  pain,  are  usually 
the  group  of  symptoms  of  which  the  patient  complains.  EngUsch  calls 
attention  to  the  fact  that  the  paucity  of  symptoms  is  in  striking  contrast 
to  the  wide  extent  of  the  disease  in  the  gland,  and  hence  the  great  impor- 
tance of  the  physical  examination.  Rectal  palpation  in  the  early  stages 
may  disclose  an  enlarged  but  not  indurated  gland.  When  the  calculi 
are  not  near  the  posterior  surface,  the  gland  is  smooth  and  regular; 
as  the  stones  approach  the  periphery  it  becomes  irregular  and  the  hardness 
may  be  very  marked.  The  sac  containing  the  stone  often  has  more  or 
less  mucus  in  it,  and  by  firm  pressure  the  latter  may  be  displaced  and  the 
hard  body  beneath  noted.  When  two  or  more  stones  are  in  contact, 
crepitus  may  be  elicited.  It  may  be  absent,  however,  even  when  a  great 
many  stones  are  present.  Stones  in  the  middle  lobe  cannot  be  felt  by 
rectal  palpation.  When  the  stone  is  in  communication  with  the  urethra, 
a  sound  will  give  crepitus,  and  considerable  additional  advantage  is  ob- 
tained by  the  simultaneous  rectal  palpation  with  the  finger.  If  a  rectal 
or  perineal  fistula  exists,  the  passage  of  a  probe  through  it  frequently 
leads  to  the  stone.  With  the  cystoscope  or  the  urethroscope  the  calcu- 
lus can  sometimes  be  seen  and  the  x-ray  has  been  used  \\ith  considerable 
advantage. 

Diagnosis. — In  making  a  diagnosis  the  following  possibiUties,  which 
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may  give  similar  symptoms  or  signs,  must  be  considered:  prostatic  phle- 
boliths,  urethral  (prostatic)  calculi,  calculi  of  the  seminal  vesicles  pro- 
jecting into  the  urethra,  urethral  incrustations,  prostatic  hypertrophy, 
cancer,  and  tuberculosis  and  renal  or  vesical  calculi. 

The  complications  occasioned  by  prostatic  stone  are,  briefly :  abscess, 
fistula,  prostatic  hypertrophy,  incontinence  or  retention  of  urine,  sexual 
disorders,  including  deferentitis  and  epididymitis.  Before  undertaking 
the  operative  treatment  of  these  cases,  the  presence  or  absence  of  the 
following  conditions  should  be  determined,  if  possible:  urethral  stricture, 
prostatic  hypertrophy,  renal  or  vesical  calcuU. 

Treatment. — Sir  Benjamin  Brodie,  Liston,  and  other  surgeons  removed 
prostatic  calculi  through  the  urethra  by  means  of  forceps  and  scoop,  but 
these  methods  have  been  abandoned.  When  the  stone  communicates 
with  the  prostatic 
urethra,  it  may  be 
removed  through 
the  bladder  by  supra- 
pubic cystotomy. 
In  cases  where  the 
stone  is  more  or 
less  completely  em- 
bedded in  the  pro- 
static substance  the 
suprapubic  route  is 
contraindicated. 
As  a  matter  of  fact, 
the  perineal  route  is 
preferable  in  most 
cases.  The  prostate 
should  be  exposed 
as  for  a  perineal 
prostatectomy,  and 
opened  either  upon 
a  grooved  staflf  or 

upon  a  prostatic  tractor  which  has  previously  been  inserted.  In  young 
patients  the  calculi  are  usually  not  great  in  number  and  it  is  not  neces- 
sary to  remove  gland  tissue.  The  multiple  seed  calcuU  which  are  found 
scattered  throughout  the  gland  are  almost  always  associated  with  pros- 
tatic hypertrophy  or  obstructive  prostatitis,  and  prostatectomy  is  indi- 
cated, being  the  simplest  way  of  removing  the  calculi.  The  operative 
procedures  have  been  discussed  at  length  in  vols,  xiii  and  xiv  of  the 
"Johns  Hopkins  Hospital  Reports.'' 

Acute  Prostatitis. — Acute  prostatitis  has  been  classified  by  Albar- 
ranas  follows: 

I.  Glandular. 

Non-suppurative. 
II.  Parenchymatous.        Abscess. 

[  Periprostatic  phlegmon. 


Fio.  210. — Removal  or  Calculus. 
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By  glandular  prostatitis  is  meant  inflammation  of  the  prostate  which 
involves  only  the  glands  themselves  and  in  which  the  periglandular 
tissue  does  not  take  part  in  the  inflammatory  process.  In  the  parenchy- 
matous form  both  glandular  and  interstitial  tissue  is  involved. 

Glandular  Prostatitis. — This  is  taken  to  mean  the  simplest  form  of 
acute  prostatitis,  in  which  there  is  merely  a  proliferation  of  epitheUum 
with  desquamation  and  marked  diapedesis.  In  most  cases  it  is  due  to 
an  invasion  of  the  gonococcus  into  the  depths  of  the  prostatic  gland.  In 
mild  cases  only  that  portion  of  the  prostate  immediately  around  the  ure- 
thra is  involved.  In  more  advanced  cases  the  larger  part  of  the  prostate 
may  be  involved,  but  in  some  cases  very  httle  swelling  of  the  prostate 
and  few  symptoms  are  produced.  Goldberg  has  employed  the  name  of 
*'  prostatitis  endoglandularis,"  and  as  there  is  considerable  objection  to 
the  word  catarrhal,  this  would  seem  the  better  name  to  adopt. 

The  symptomatology  of  this  form  of  prostatitis  is  that  of  acute  posterior 
urethritis,  with  which  it  is  almost  always  associated.  The  urine  is  usually 
cloudy  in  all  three  glasses,  and  there  is  frequently  more  pus  in  the  last 
glass  and  occasionally  a  slight  amount  of  blood.  At  times  marked  fre- 
quency of  urination  and  strangury  are  present,  and  in  rare  instances 
definite  obstruction  to  urination,  occasionally  complete  in  character. 
The  diagnosis  is  based  upon  the  presence  of  acute  posterior  urethritis 
and  of  a  swollen  tender  prostate  on  rectal  examination. 

The  treatment  consists  in  the  use  of  diuretics  and  balsamics  internally, 
hot  or  cold  rectal  lavage  through  a  two-way  rectal  tube,  suppositories  of 
opium  and  belladonna  in  case  of  pain,  and,  later,  intravesical  irrigations 
of  mild  solutions  of  potassium  permanganate  or  bichlorid  of  mercury 
(1 :  60,000)  forced  in  by  hydraulic  pressure  without  the  use  of  a  catheter. 
When  all  acute  symptoms  have  subsided,  the  use  of  prostatic  mas- 
sage, irrigations,  dilatations,  and  the  deposition  of  ointment  may  be 
necessar}'. 

Parenchymatous  Prostatitis. — As  mentioned  above,  this  term  is 
used  to  define  the  more  severe  forms  of  inflammation,  which  involve 
both  the  glandular  and  interstitial  substances  of  the  tissues  of  the  pros- 
tate, and  it  seems  probable  that  most  cases  are  of  this  type,  though  the 
extent  of  the  invasion  and  inflammation  is  often  very  variable. 

Pathology. — The  prostate  is  generally  enlarged,  and  on  cross-section 
appears  to  contain  numerous  small  abscesses,  but  Thompson,  Finger,  and 
others  have  shown  that  the  walls  of  these  small  purulent  collections  are 
formed  by  epithelium,  and  that  the  condition  is  a  foUicular  prostatitis 
with  retention.  In  lat-er  stages  definite  abscess  formation  occurs,  partly 
by  the  breaking  down  of  the  retention  cysts  above  described  and  purulent 
foci  in  the  interstitial  tissue.  Lallemand  counted  as  many  as  thirty 
small  miliar}'  abscesses  in  one  case.  The  abscess  cavities  are  oft^n  very 
irregular  with  fibrous  septa  dividing  them  as  partitions.  In  rare  cases 
the  abscess  completely  surrounds  the  urethra  without  perforating  its 
walls, and  in  one  such  case  in  my  practiceafter  opening  the  abscess  through 
the  perineum  the  urethra  was  found  intact.  The  ejaculatory  ducts, 
seminal  vesicles,  and  ampullae  bf  the  vasa  deferentia  are  verj-  frequently 
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simultaneously  involved,  often  forming  large  retrovesical  abscesses.  In 
eighty-eight  cases  of  acute  prostatitis  Colombini  found  forty-eight  cases 
of  vesiculitis.  The  progress  of  the  abscess  is  generally  toward  resolution, 
but  there  is  not  infrequently  a  rupture  into  the  urethra,  the  evacuation 
leading  to  fairly  rapid  cure.  The  direction  most  commonly  taken  is 
toward  the  rectum;  in  other  cases  toward  the  perineum.  In  ver>'  rare 
instances  it  may  rupture  into  the  peritoneal  cavity.  In  some  cases 
the  pus  has  burrowed  between  the  peritoneum  and  the  side  of  the  bladder, 
and  finally  found  its  way-  into  the  inguinal  canal,  the  obturator  canal,  or 
toward  the  umbilicus.  Occasionally  both  rectum  and  urethra  break 
down,  leading  to  recto-urethral  fistula. 

Etiology, — The  following  table  of  Segond  shows  at  a  glance  the  patho- 
genesis: 

I.  Ascending. 
Acute  pos- 
terior ure- 
thritis. Gon- 
orrheal or 
non  -  gonor- 
rheal. Cath- 
eterization, 
etc. 
II.  Circulatory. 
With  the 
acute  exan- 
themata, ty- 
Gonococcus.         ]  phoid  fever, 

Staphylococcus.       Avenues  ®^^- 

Streptococcus.       .      of  in-      i   ^^^-  Lymphatic. 
Colon  bacillus.       '     fection  Proctitis, 

Pneuraococcus.  '  periprocti- 

Anacrobics.  J  tis,     hemor- 

rhoids, peri- 
rectal fistu- 
las, pericys- 
titis. 
IV.  Direct  injec- 
tions. Trau- 
m  a  t  i  s  m  s 
from  with- 
out  and 
within,  in- 
juries, false 
passages, 
calculi. 


Prosta- 
tic 
Infec- 
tions. 


Excit- 
ing 


Patho- 
genic 
bac- 
teria. 


Predispos- 
ing causes. 


Adult  a^e.  Cold.  Contusions  (falls,  riding,  bicycling). 
Marching.  Constipation.  Superpurgation.  Hemor- 
rhoids. Sedentary  habits.  Excess  of  coitus.  Mastur- 
bation.    Balsamics. 


The  above  table  is  so  complete  that  it  hardly  needs  further  discussion. 
It  may  be  said,  however,  that  the  great  majority  are  due  to  gonorrheal 
infections,  and  are  of  an  ascending  nature,  but  cases  occurring  with  rectal 
diseases  and  the  acute  infectious  fevers  are  not  uncommon.  The  gonor- 
rheal infections  do  not,  as  a  rule,  go  on  to  extensive  abscess  formation. 

Complications. — Besides  the  periprostatic  infections  mentioned  above, 
various  urethral,  vesical,  renal,  and  general  complications  occur:    viz., 
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ascending  infection  of  bladder,  urethra,  and  kidneys,  retention  of  urine, 
uremia,  septicemia,  etc. 

Symptoms, — The  symptoms  of  prostatitis  are  very  variable.  Often 
with  considerable  involvement  there  may  be  very  few  symptoms  present, 
but  in  most  cases  there  is  fever,  and  pain  in  the  perineum  and  rectum, 
which  is  worse  during  urination  and  defecation.  Difficulty  and  fre- 
quency of  urination  and  sometimes  strangurj'  are  present. 

The  diagnosis  is  based  on  rectal  examination,  which  usually  shows 
at  once  a  tumefied  prostate,  which  is  hot  and  tender,  and  often  associated 
with  enlargement  of  the  seminal  vesicles  and  periprostatic  structures. 
Instrumental  examination  of  the  urethra  should  usually  not  be  made, 
and  in  fact  the  rectal  examination  should  be  very  carefully  done  so  as  to 
avoid  injury. 

Treatment. — The  therapeutic  indications  in  acute  prostatitis  depend 
upon  the  extent  of  the  disease.  In  cases  where  there  is  no  obstruction 
to  urination  and  definite  abscess  formation  has  not  occurred  an  expectant 
treatment  is  generally  preferred.  Rest  in  bed,  diuretics,  and  hot  or  cold 
rectal  irrigations  are  the  methods  usually  employed.  When  a  definite 
abscess  is  present,  it  may  be  treated  expectantly  or  by  operation.  The 
urethral  route,  which  is  the  most  common  natural  method  for  the  evacua- 
tion of  the  abscess,  was  employed  by  Velpeau,  who  constructed  a  special 
instrument  with  which  the  urethra  was  perforated  and  the  abscess 
evacuated.  A  modification  of  this  method  consists  in  a  perineal  urethrot- 
omy and  the  evacuation  of  the  abscess  through  the  urethra,  which  is 
opened  by  means  of  the  finger.  This  method  has  been  successfully  em- 
ployed by  Alexander.  Another  method  through  the  perineum  consists 
in  avoiding  the  urethra  and  cutting  directly  down  upon  the  purulent 
collection.  In  this  way  it  may  be  possible,  as  in  one  of  my  cases,  to  evac- 
uate the  prostatic  abscess  without  opening  the  urethra,  thus  avoiding 
perineal  urinary  fistula.  If  the  abscess  points  immediately  beneath  the 
skin,  this  is  easy  of  accomplishment.  Where  the  abscess  is  deeply 
seated,  it  may  be  exposed  by  a  median  perineal  urethrotomy  or  by  means 
of  an  operation  somewhat  similar  to  the  one  which  I  have  advocated  for 
prostatic  hypertrophy,  the  apex  df  the  prostate  being  exposed  through 
an  inverted  V  cutaneous  incision.  Great  care  must  be  taken  to  avoid 
injury  of  the  rectum.  Where  the  inflammation  involves  the  seminal 
vesicles  more  extensively  than  the  prostate,  it  may  be  advisable  to  expose 
and  incise  the  posterior  surface  of  the  seminal  vesicles.  After  evacuating 
the  abscess  and  packing  the  cavity  with  gauze  the  levator  ani  muscles 
should  be  carefully  approximated  so  as  to  prevent  pressure  necrosis  of 
the  rectimi.  As  a  rule,  however,  the  abscess  presents  so  close  to  the 
perineum  that  the  operation  is  simple.  The  rectal  route  has  been  utilized 
both  for  evacuation  through  a  cannula  and  incision  and  drainage.  Most 
authors  are,  however,  opposed  to  the  intrarectal  route,  owing  to  the 
inefficient  drainage  procured  and  the  fear  of  recto-urethral  fistula.  Ver\' 
extensive  acute  prostatitis  with  abscess  formation  and  vesiculitis  some- 
times resolves  without  operative  treatment,  and  it  is  therefore  best  to 
employ  the  simpler  methods  first. 
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If  retention  of  urine  occurs,  the  application  of  heat  to  the  lower 
abdomen  and  perineum,  hot  enemata,  sitz-baths,  and  morphin  should 
be  tried.  If  these  measures  fail,  a  soft-rubber  N61aton  catheter  should 
be  introduced,  but  if  it  cannot  be  passed  suprapubic  aspiration  of  the  blad- 
der with  a  small  needle  is  preferable  to  prolonged  instrumentation.  In 
the  presence  of  severe  acute  anterior  urethritis  catheterization  is  inad- 
visable and  suprapubic  aspiration  to  be  preferred.  As  a  rule,  only  one 
aspiration  of  the  bladder  is  necessary,  since  the  congestion  generally 
diminishes  sufficiently  to  allow  the  patient  to  void  urine  naturally. 
Aspiration  may  be  repeated  a  number  of  times  if  care  is  taken  and  a  new 
site  for  puncture  chosen  each  time. 

Chronic  Prostatitis. — Chronic  prostatitis,  which  is  one  of  the  most 
frequent  of  diseases,  has  not  received  much  attention  until  recent 
years,  and  even  now  its  great  importance  as  a  causative  factor  in  the 
production  of  various  painful  maladies  and  neuroses  is  not  generally 
appreciated.  As  a  result  of  the  reports  of  many  workers,  prominent 
among  whom  may  be  mentioned  Thompson,  Finger,  Guyon,  Albarran, 
and  Oberlander,  our  knowledge  of  this  aflfection  has  been  much  increased. 

Etiology, — In  an  analytical  study  of  three  hundred  and  fifty-eight 
cases  reported  last  year  from  my  practice  there  was  a  history  of  gonor- 
rhea in  73  per  cent.;  of  marked  habit  of  masturbation  in  7  per  cent.; 
of  frequent  prolonged  sexual  excitements  (without  coitus)  in  2  per  cent.; 
of  descending  infection  in  0.8  per  cent.;  traumatism,  bicycling,  etc., 
in  0.8  per  cent.;  instrumentation,  0.6  per  cent.;  infectious  diseases, 
0.3  per  cent.  No  etiology  was  obtained  in  fifty-three  cases.  The  age 
at  which  the  symptoms  appeared  was  under  forty  years  in  65  per  cent, 
of  the  cases;  twenty-three  patients  were  between  forty  and  fifty  years  of 
age,  and  twelve  over  fifty  years  of  age.  In  most  cases  it  was  impossible 
to  get  a  history  dating  back  to  an  attack  of  severe  acute  prostatitis,  and 
generally  the  disease  seems  to  have  come  on  insidiously,  the  first  symptoms 
appearing  a  long  time  after  the  original  attack  of  gonorrhea. 

Bierhoflf  reported  finding  the  gonococcus  in  fifty-seven  out  of  sixty- 
two  cases,  but  Notthaft,  in  a  very  careful  study  of  one  hundred  and  twenty 
cases  of  chronic  prostatitis,  found  as  follows:  in  forty-two  cases  examined 
within  one  year  after  the  infection,  the  gonococcus  alone  was  present  in 
only  four  (0.9  per  cent.) ;  in  twenty-four  cases  examined  between  twelve 
and  eighteen  months  after  infection,  only  in  one  case  (4  per  cent.).  The 
gonococcus  was  present  either  alone  or  with  other  bacteria  in  73  per  cent, 
of  the  patients  seen  within  six  to  twelve  months  after  the  last  infection ; 
in  50  per  cent,  of  those  within  twelve  to  eighteen  months;  in  18  per 
cent,  of  those  seen  within  eighteen  to  twenty-four  months;  in  6  per  cent, 
of  those  seen  within  twenty-four  to  thirty-six  months.  No  gonococci 
were  found  in  the  secretion  after  the  third  year.  Summing  up  the  whole 
work,  Notthaft  found  in  one  hundred  and  twenty  cases  the  gonococcus 
forty-seven  times,  other  micrococci  nineteen  times,  bacilli  fifteen  times, 
and  other  bacteria  fourteen  times.  In  twenty-six  cases  in  which  cultures 
were  taken  by  us  after  very  careful  efforts  had  been  made  to  sterilize  the 
penis  and  urethra,  we  were  able  to  obtain  positive  bacterial  growths  in 


392  SURGERY   OF  THE   PROSTATE. 

only  eight  cases.  In  three  of  these  the  organism  was  the  staphylococcus 
albus;  in  two  a  slender  bacillus  which  could  not  be  identified  and  in  two 
a  streptococcus.    The  gonococcus  was  not  obtained  once. 

The  results  of  a  study  of  many  smears  made  from  prostatic  secretion 
show  that  only  in  a  small  proportion  of  cases  could  bacteria  be  found  in 
the  purulent  secretion  obtained  from  the  prostate  by  massage.  The 
frequency  and  longevity  of  the  gonococcus  is  still  an  unsettled  question 
and  much  careful  work  is  needed.  The  present  literature  is  inaccurate 
owing  to  the  careless  methods  pursued. 

Pathology. — Chronic  prostatitis  is  usually  said  to  be  of  two  varieties: 
the  folUcular  and  the  interstitial,  but  in  a  study  of  fourteen  cases  in  which 
autopsies  were  obtained  we  were  unable  to  justify  this  classification. 
In  no  instances  was  the  inflammatory  process  Umited  to  the  parenchyma, 
and  the  periacinous  infiltration  was  so  generally  present  that  it  seemed 
to  be  the  essential  lesion  of  chronic  prostatitis.  The  changes  in  the  acini 
are  many;  in  some  cases  they  are  dilated  and  filled  with  inflammatory 
products,  in  others  they  are  contracted  and  even  replaced  by  fibrous  tissue. 
Not  infrequently  groups  of  acini  are  seen  in  which  the  inflammation  has 
subsided  and  the  epithelium  was  healthy.  In  five  cases  of  prostatitis 
in  which  the  obstruction  to  urination  was  present  (for  which  perineal 
prostatectomy  was  performed)  careful  examinations  of  the  enucleated 
lobes  showed  none  of  the  spheroids  seen  in  hypertrophy,  but  a  firm 
homogeneous  character.  The  glandular  tissue  in  the  median  portion  of 
the  prostate  was  distinctly  increased  in  amount,  forming  a  definite  bar, 
but  microscopic  sections  showed  the  lesions  seen  in  ordinary  prostatitis 
with  some  glandular  proliferation. 

In  only  six  of  the  fourteen  autopsy  cases  was  there  any  evidence  of 
chronic  seminal  vesiculitis  and  in  only  one  of  these  was  it  active  in  charac- 
ter. There  was  considerable  fibrous  hyperplasia  around  the  vesicles, 
which  involved  the  mucosa  and  submucosa,  but  the  epithelium  was  nor- 
mal in  all  but  one  case. 

Changes  in  the  Prostatic  Secretion, — The  secretion  of  the  prostate  and 
seminal  vesicles  may  be  obtained  by  rectal  massage.  This  is  best  per- 
formed with  the  patient  bending  forward  with  his  elbows  upon  his  knees. 
The  operator  inserts  his  index-finger,  covered  with  a  finger-cot,  into  the 
rectum  and  makes  firm  pressure,  generally  beginning  at  one  vesicle  and 
gradually  descending  upon  the  surface  of  the  prostate.  In  this  way  both 
of  the  seminal  vesicles  and  the  prostatic  lobes  can  be  "stripped."  A 
similar  process  along  the  urethra  in  the  median  line  will  force  the  fluid 
forward  through  the  membranous  urethra,  and  it  will  generally  appear 
at  the  external  meatus,  having  been  carried  there  by  gravity  alone. 
Occasionally  it  may  be  necessary  to  make  pressure  upon  the  bulbous 
urethra  in  order  to  obtain  secretion  at  the  meatus.  Microscopically 
prostatic  secretion  consists  largely  of  lecithin  bodies  with  a  few  epithelial 
cells  and  occasionally  corpora  amylacea.  A  variable  number  of  sperma- 
tozoa and  large  mucin-Uke  globules  may  be  present,  both  coming  from  the 
vasa  deferentia  and  the  seminal  vesicles.  The  lecithin  bodies  are  not  of 
uniform  size,  some  being  very  small  and  the  larg^t  about  the  size  of  a 
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red  blood-corpuscle.  In  normal  prostatic  secretion  leukocytes  are  not 
present  except  in  small  number. 

In  the  secretion  obtained  by  prostatic  massage,  in  cases  of  chronic 
prostatitis,  pus  is  nearly  always  present  in  greater  or  less  amount,  and  the 
proportion  of  normal  elements  present  varies  inversely  with  the  pus  found. 
In  two  hundred  and  eighty-nine  cases  of  chronic  prostatitis  we  have 
found  pus  present  in  all  cases  after  the  second  or  third  examination,  and 
often  in  such  large  amount  as  to  more  or  less  completely  obscure  all  nor- 
mal elements.  Other  observers  have  noted  the  fact  that  the  first  expres- 
sion of  prostatic  secretion  does  not  usually  show  the  true  proportion  of 
pus  cells,  and  only  after  several  examinations  are  they  present,  in  certain 
cases,  although  rectal  examination  may  show  marked  evidence  of  chronic 
prostatic  inflammation.  This  is  possibly  due  to  the  fact  that  some  of 
the  acini,  probably  those  nearest  the  urethra,  are  in  a  more  healthy  condi- 
tion than  the  peripheral  acini,  the  secretion  of  which  is  more  difficult  to 
empty  into  the  urethra.  We  have  found  no  cells  characteristic  of  chronic 
prostatitis  other  than  leukocytes,  which  in  stained  specimens  have  been 
found  to  be  largely  neutrophilic,  though  a  few  cells  with  eosinophilic 
granules  were  seen.  In  a  few  cases  large  compound  granule  cells  have  been 
very  abundant.  These  have  generally  been  in  men  past  middle  age. 
Corpora  amylacea  are  occasionally  seen  in  marked  excess,  but  in  only 
rare  instances.  The  presence  of  motile  spermatozoa  seems  to  depend 
very  little  upon  the  character  of  the  prostatic  inflammation.  In  many 
cases  in  which  the  secretion  was  almost  entirely  composed  of  pus,  actively 
motile  spermatozoa  were  seen,  and  the  pus  present  does  not  seem  to  pro- 
duce non-motiUty  of  the  spermatozoa,  as  one  would  expect  in  view  of 
Fiirbringer's  assertion  that  prostatic  secretion  was  necessary  to  produce 
motility  of  the  spermatozoa.  We  have  been  surprised  to  find  often  that 
those  cases  giving  a  gonorrheal  history  were  not  characterized  by  the 
presence  of  more  pus  in  the  prostatic  secretion  than  those  in  whom 
gonorrhea  had  apparently  not  been  present.  The  amount  of  pus  present 
is  generally  in  direct  proportion  to  the  severity  of  prostatic  involvement 
shown  by  rectal  examination,  but  in  a  fairly  large  proportion  of  cases  in 
which  the  rectal  examination  showed  only  slight  changes  the  prostatic 
secretion  showed  a  large  amount  of  pus,  and  in  about  5  per  cent,  of  the 
cases  the  presence  of  chronic  prostatitis  would  have  l>een  overlooked 
had  rectal  examination  alone  been  made. 

The  reaction  tested  with  litmus  was  always  alkaline.  Our  investiga- 
tions showed  that  stained  preparations  were  of  very  Uttle  assistance  ex- 
cept in  determining  the  presence  of  bacteria,  which  were  present  in  a 
very  small  proportion  of  cases.  Unless  very  careful  precautions  are 
taken  to  render  the  penis  and  urethra  clean,  one  cannot  be  positive 
that  the  bacteria  seen  in  the  secretion  obtained  at  the  meatus  come 
from  the  prostate. 

Symptoms. — ^The  usual  text-book  description  of  the  symptoms  of 
chronic  prostatitis  gives  but  a  meager  idea  of  the  manifold  phases  which 
they  may  assume.  The  influence  of  the  prostate  in  perpetuating  and  re- 
kindling inflammation  of  the  urethra  is  quite  well  recognized,  but  its  r61e 
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in  producing  symptoms  apparently  in  no  way  connected  with  the  gland, 
and  in  simulating  other  affections,  is  not  well  appreciated.  Of  three 
hundred  and  fifty-eight  cases,  two  hundred  and  ninety-six  had  symptoms 
other  than  urethritis,  and  in  only  sixty-two  was  there  simply  a  complaint 
of  urethral  discharge  or  shreds  in  the  urine. 

The  symptoms  of  chronic  prostatitis  may  be  classed  in  three  sub- 
divisions;   viz.,  sexual,  urinary,  and  referred. 

The  sexual  symptoms  form  a  very  important  group,  and  frequently 
constitute  the  only  reason  of  the  patients  applying  for  treatment.  In 
our  series  of  cases  the  following  sexual  complaints  were  noted:  Premature 
ejaculation,  64;  prostatorrhea,  41;  imperfect  or  absence  of  erections,  38; 
diminished  vigor,  33;  frequent  nocturnal  emissions,  31;  sexual  hypersen- 
sitiveness,  7;  painful  ejaculation,  7.  In  the  cases  of  prostatitis  resulting 
from  masturbation  and  frequent  sexual  excitement  without  gratification, 
prostatorrhea,  nocturnal  emissions,  and  precocious  ejaculations  were 
very  common  complaints,  but  the  same  symptoms  were  present  in  less 
number  as  a  result  of  gonorrhea. 

Prostatorrhea  may  be  produced  by  the  acts  of  urination  or  defecation, 
and  sometimes  merely  as  a  result  of  slight  sexual  excitement  or  even 
sensuous  thoughts,  and  its  differentiation  from  spermatorrhea,  w^hich 
may  occur  under  similar  conditions,  is  made  by  the  presence  of  prostatic 
cells  in  the  former  and  spermatozoa  alone  in  the  latter.  In  some  cases 
sexual  hypersensitiveness  is  very  marked,  and  occasionally  causes  much 
mental  depression. 

In  ten  cases  the  chief  complaint  was  sterility,  and  repeated  exam- 
inations failed  to  show  actively  motile  spermatozoa,  and  in  some  cases 
they  were  entirely  absent. 

The  urinary  symptoms  are  often  verj-  mild,  a  mere  discomfort  or 
burning  in  the  urethra.  In  other  cases,  however,  these  symptoms  cause 
great  distress.  In  our  cases  they  were  classified  as  follows:  Frequency 
of  urination,  90  cases;  pain  during  urination,  46;  urgency  of  urination, 
25;  slow  or  difficult  urination,  11;  irritability  of  the  deep  urethra,  11; 
pain  at  the  end  of  urination,  7;  pain  at  the  beginning  of  urination,  3; 
dribbling  after  urination,  1. 

In  thirty-four  cases  in  which  a  definite  obstructive  prostatitis  was 
present  the  symptoms  were  very  varied.  In  a  few  cases  there  was  only 
a  slight  hesitation  at  the  beginning  of  urination,  but  in  others  urination 
was  quite  difficult  and  occasionally  very  frequent.  In  two  cases  only 
was  the  retention  of  urine  complete,  but  both  of  these  were  young  men 
thirty-two  and  thirty-seven  years  of  age,  and  one  had  used  the  catheter 
for  twelve  years.  A  sharp  pain  at  the  end  of  urination,  referred  to  the 
glans  penis,  is  not  uncommonly  present,  and  the  occasional  presence  of 
terminal  hematuria  makes  the  simulation  of  vesical  calculus  very  close. 

The  referred   symptoms  of  chronic  prostatitis  are  generally  of  a 
painful  nature,  and  involve  the  back,  hips,  thighs,  rectum,  perineum, 
scrotum,  and  groins  most  commonly.    In  our  cases  the  location  of  these 
referred  pains  was  as  follows:     In  the  lower  lumbar  region,  64;  in  the. 
region  of  the  kidney,  8;  of  a  colicky  nature  simulating  renal  colic,  10; 
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in  the  perineum,  35;  suprapubic,  22;  groin,  18;  testicles,  18;  urethra,  14; 
rectum,  13;  thighs,  12;  hips,  10;  sacrum,  5;  simulating  sciatica,  5;  knees, 
4;  legs,  4. 

These  referred  pains  are  often  of  a  dull  aching  character  and  come 
on  intermittently.  In  some  cases  painful  seizures  of  considerable  intensity 
occur.  This  is  particularly  true  in  those  cases  which  simulate  renal 
colic,  the  attacks  being  of  such  great  severity  as  to  require  morphin  and 
rest  in  bed  for  a  protracted  period.  These  attacks  are  not  infrequently 
accompanied  by  hematuria  and  marked  irritability  of  the  bladder,  so 
that  the  simulation  of  renal  colic  due  to  calculus  is  often  perfect,  and  in 
six  of  my  ten  cases  exploratory  operation  had  been  performed  upon  the 
kidney  without  finding  a  calculus.  Rectal  examination  in  these  cases 
usually  showed  a  very  marked  prostatitis  with  considerable  infiltration 
in  and  around  the  seminal  vesicle  and  adhesions  to  the  pelvic  wall  on 
the  affected  side.  The  rectal  symptoms  are  often  very  distressing  and 
characterized  by  burning,  marked  irritation,  sensation  of  fullness,  etc. 
The  scrotal,  testicular,  and  inguinal  symptoms  are  also  very  distressing 
at  times,  and  in  a  number  of  instances  the  patient  had  been  subjected 
to  operation  for  varicocele  without  relief.  Pain  in  the  back  is  the  most 
common  symptom  and  is  often  very  severe  in  the  morning.  It  is  ver\' 
similar  in  character  to  that  experienced  by  women  with  pelvic  inflam- 
mator\'^  disease.  According  to  Head,  a  painful  stimulus  to  an  internal 
organ  is  conducted  to  that  segment  of  the  cord  from  which  its  sensory 
nerves  are  given  off.  There  it  comes  into  close  connection  with  the  fibers 
from  the  surface  of  the  body  which  arise  from  the  same  segment,  and 
thus  by  psychic  error  the  pain  is  referred  to  another  region  than  that 
of  the  viscera  actually  affected.  The  prostate  receives  fibers  from  the 
tenth,  eleventh,  and  twelfth  dorsal,  the  first,  second,  and  third  sacral, 
and  the  fifth  lumbar  segment.  It  is  therefore  easy  to  understand  how  the 
distribution  of  referred  pains  in  diseases  of  the  prostate  may  be  very 
varied,  and  involve,  as  we  have  shown,  all  regions  from  the  diaphragm 
to  the  feet. 

Diagnosis. — A  slight  watery  urethral  discharge,  pain  in  the  back 
and  legs,  testicular  pain,  perineal  discomfort,  intermittent  frequency  of 
urination,  weakened  sexual  vigor,  premature  ejaculations,  frequent 
nocturnal  pollutions — the  presence  of  any  of  these  symptoms  should 
initiate  a  most  careful  examination  of  the  prostate.  The  rarer  symp- 
toms, notably  renal  colic,  sciatica,  pains  in  the  groin  and  scrotum, 
which  have  been  discussed  in  an  earlier  section,  must  also  be  borne 
in  mind. 

In  all  causes  the  absolute  diagnosis  depends  on  rectal  palpation, 
massage,  and  microscopic  examination  of  the  prostatic  secretion.  In 
three  hundred  and  fifty-eight  of  our  cases,  some  enlargement  of  the 
prostate  was  noted  in  two  hundred  and  twenty-seven,  no  enlargement 
in  forty-two,  induration  in  two  hundred  and  eighty,  no  induration  in 
thirty-three,  tenderness  in  fifty,  irregular  or  nodular  surface  in  fifty-six, 
a  smooth  surface  in  twenty-nine.  The  whole  prostate  was  affected  in  a 
hundred  and  fifteen,  the  upper  pole  only  thirty-six,  the  periphery  alone 
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thirteen,  only  one  lobe  twelve  times.  Changes  were  noted  in  the  semi- 
nal vesicles  in  one  hundred  and  forty-three  cases,  in  fifty-eight  of  which 
only  the  lower  ends  were  involved;  one  vesicle  only  was  involved  in 
forty  cases.  Periprostatic  and  perivesicular  adhesions  were  very  com- 
monly present,  extending  upward  and  outward  through  the  lateral  wall 
of  the  pelvis,  and  forming  in  some  instances  an  extensive  mass  of  indu- 
ration as  high  as  the  reach  of  the  finger.  In  most  cases,  however,  the 
adhesions  were  of  moderate  degree.  Infiltration  along  the  vasa  deferentia 
and  the  intervening  space  on  the  posterior  wall  of  the  bladder  was  com- 
paratively rare,  but  in  a  few  instances  a  broad  plateau  of  induration  was 
present  above  the  prostate  in  the  median  line.  The  induration  present 
in  chronic  prostatitis  is  generally  not  uniform  and  not  of  stony  hardness, 
as  in  the  case  of  carcinoma.  Occasionally  a  very  hard  mass  may  be 
present,  but  it  is  generally  smooth,  localized  to  one  portion  of'the  pros- 
tate, and  does  not  extend  beyond  the  limits  of  the  capsule. 

Microscopic  study  of  secretion  obtained  by  massage  (which  generally 
flows  to  the  meatus  unassisted)  is  of  very  great  importance,  as  certain 
cases  of  prostatitis  show  no  palpable  change  on  rectal  examination  and 
would  be  overlooked  but  for  the  finding  of  pus  in  the  prostatic  secretion. 

A  perusal  of  the  symptomatology  of  chronic  prostatitis  shows  at 
once  that  many  conditions  are  simulated  by  this  most  prevalent  and 
often  overlooked  malady.  Renal  colic,  vesical  calculus,  chronic  cystitis, 
hemorrhoids,  carcinoma  of  the  rectum,  sciatica,  rheumatism,  arthritis, 
hernia,  epididymitis,  disorders  of  the  abdominal  viscera,  general  neu- 
rasthenia and  hypertrophy,  cancer  and  tuberculosis  of  the  prostate — 
any  of  these  one  may  be  called  upon  to  differentiate  from  chronic  pros- 
tatitis. 

It  is  impossible,  therefore,  for  us  to  discuss  in  full  the  diagnosis  of 
chronic  prostatitis.  We  must  insist,  however,  upon  the  great  importance 
of  rectal  examination  of  the  prostate  and  microscopic  examination  of 
its  expressed  secretion  as  a  routine  in  physical  examination.  If  this 
were  done,  many  a  poor  individual  who  has  continued  to  suffer  while 
stigmatised  a  neurasthenic  would  find  relief,  many  a  case  of  supposed 
rheumatism,  sciatica,  lumbago,  and  renal  colic  would  be  correctly 
diagnosed  and  cured. 

In  tuberculosis  of  the  prostate  other  evidences  of  tuberculosis  are  gen- 
erally found,  lesions  in  the  epididymis  or  kidneys  or  more  remote  organs, 
painful,  frequent,  and  difficult  urination,  often  associated  with  hematuria, 
are  more  commonly  present,  and  the  rectal  examination  shows  greater 
irregularity,  greater  tenderness,  areas  of  caseous  softening  interspersed 
between  areas  of  marked  induration,  and  considerable  periprostatic  and 
perivesicular  infiltration.  Extension  of  the  disease  to  the  urethra,  peri- 
neum, pelvic  glands,  and  rectum  is  also  not  uncommon.  In  mild  cases, 
however,  the  differential  diagnosis  may  be  difficult,  and  the  administra- 
tion of  tuberculin  necessary  owing  to  the  presence  in  the  urethra  of  the 
smegma  bacillus,  which  has  the  same  tinctorial  characteristics  as  the 
tubercle  bacillus.  Investigations  which  were  conducted  by  Churchman 
and  me  have  shown  that  if  the  penis  and  urethra  be  thoroughly  cleansed. 
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the  smegma  bacillus  will  not  be  found  in  the  voided  urine  or  prostatic 
secretion. 

Prostatic  hypertrophy  can  generally  be  recognized  by  globular  en- 
largement or  rectal  examination,  but  in  some  cases  no  enlargement 
is  to  be  made  out  except  with  the  cystoscope,  when  the  characteristic 
median  or  lateral  intravesical  outgrowths  will  be  seen.  The  presence  of 
residual  urine,  vesical  trabeculation,  pouch  formation,  and  contracture 
or  dilatation  of  the  bladder  are  also  of  assistance  in  showing  obstruction 
to  urination.  In  some  cases  of  chronic  prostatitis  a  definite  median 
bar  is  present  and  is  accompanied  by  both  residual  urine  and  trabecula- 
tion of  the  bladder.  The  cystoscope  is  often  useful  by  showing 
hyperemic  or  granular  condition  of  the  trigone  and  vesical  margin,  and 
thus  explaining  the  cause  of  irritability  and  frequency  of  urination, 
and  the  urethroscope  should  be  used  to  see  the  condition  of  the  prostatic 
urethra,  the  verumontanum,  and  thus  the  cause  of  irritability  and 
sexual  disturbances  in  that  region.  Considerable  congestion  is  thus 
often  discovered  and  an  enlarged  hyperemic  verumontanum  not  in- 
frequently found.  Such  conditions,  however,  are  often  present  with 
simple  prostatorrhea  and  spermatorrhea,  but  the  presence  of  pus  in  the 
prostatic  secretion  will  determine  at  once  whether  the  disease  is  of  an 
inflammatory  character.  Careful  rectal  and  microscopic  examinations 
have  reduced  very  greatly  in  number  the  cases  of  true  spermatorrhea. 

The  value  of  the  three-glass  test  in  determining  chronic  prostatitis 
is  apparently  a  minor  one.  The  comma  shreds  only  give  positive  infor- 
mation of  infection  in  the  ducts  and  not  of  the  extent  of  the  prostatic  in- 
volvement. In  only  thirty-two  of  our  cases  was  it  possible  to  determine 
the  presence  of  shreds  from  the  prostatic  ducts  in  the  third  glass,  but 
in  many  of  the  cases  all  three  glasses  contained  shreds,  some  of  which 
undoubtedly  came  from  the  prostate. 

Complications, — In  our  three  hundred  and  fifty-eight  cases  chronic 
urethritis  was  present  in  one  hundred  and  ninety-six;  seventy-eight  of 
these  had  a  urethral  discharge,  and  one  hundred  and  eighteen  had  shreds 
in  the  urine  but  no  discharge.  In  eighty-four  cases  no  urethritis  was 
present.  In  forty-three  cases  the  presence  of  urethral  shreds  was 
obscured  by  pyuria  due  to  cystitis.  In  two  hundred  and  eighty  cases 
which  were  very  carefully  examined,  in  eighty-four,  or  30  per  cent., 
the  prostatitis  was  not  accompanied  by  urethritis.  Stricture  of  the 
urethra  was  present  in  twenty-six  cases,  but  those  of  very  wide  caliber 
and  slight  degree  were  not  counted.  The  cause  of  the  vesical  infection, 
which  was  present  in  forty-three  cases,  was  often  due  to  previous 
uncleanly  instrumentation,  but  a  number  of  cases  were  seen  in  w'hich 
the  bladder  had  never  been  instrumented,  and  the  infection  had  probably 
come  from  the  prostate.  Twenty  cases  developed  bacteriuria  during 
treatment  (almost  always  following  prostatic  massage),  the  infection 
evidently  coming  from  the  secretion  which  flowed  back  into  the  bladder. 
The  infection  was  generally  due  to  a  bacillus  of  the  colon  group.  In 
a  number  of  cases  the  prostatitis  was  due  to  masturbation.  In  four 
cases  chronic  prostatitis  was  secondary  to  pyonephrosis  or  pyelitis,  and 
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in  numerous  other  cases  which  were  not  tabulated  it  w^as  evident  that 
the  prostate  had  become  infected  from  bacteria  which  came  down  from 
the  kidney  or  bladder.  This  was  not  infrequently  seen  as  a  result  of 
fever,  such  as  typhoid. 

Prognosis. — The  course  of  chronic  prostatitis  is  not  usually  toward 
spontaneous  cure,  and  the  frequent  development  of  recurrent  urethritis, 
epididymitis,  marked  sexual  disturbances,  referred  pains  and  neuralgias 
in  various  portions  of  the  body  shows  the  great  importance  of  early  diag- 
nosis and  treatment.  A  continuation  of  the  disease  often  produces  neuras- 
thenics of  a  most  distressing  and  despondent  type,  and  I  have  known 
several  to  commit  suicide.  It  therefore  seems  important  to  urge  again 
the  routine  examination  of  the  prostate.  The  prognosis  under  treatment 
is  excellent. 

Treatment. — More  effective  than  anything  else  is  systematic  prostatic 
massage.  The  object  of  this  is  to  squeeze  out  as  much  as  possible  of 
the  purulent  contents  of  the  prostate,  to  soften  areas  of  induration, 
periprostatic  infiltration,  and  adhesions.  The  technic  followed  may  be 
briefly  described  as  follows:  The  patient,  having  voided  his  urine, 
bends  forward  with  elbows  upon  his  knees  and  the  operator  inserts  a 
gloved  forefinger  into  the  rectuih.    The  massage  is  begun  generally  high 
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up  on  one  side  over  the  seminal  vesicle;  considerable  pressure  is  exerted 
with  the  finger,  which  is  gradually  drawn  downward,  thus  traversing 
the  seminal  vesicle  and  the  corresponding  lobe  of  the  prostate.  The 
maneuver  is  then  repeated  on  the  opposite  side,  and  lastly  in  the  median 
line.  The  procedure  is  continued  for  a  period  of  two  or  three  minutes, 
all  portions  of  the  prostate  and  vesicles  being  thoroughly  massaged 
several  times,  but  special  attention  being  given  to  the  more  pathologic 
portions.  Areas  of  marked  induration  often  yield  best  to  steady,  firm 
pressure,  and  in  this  way  one  avoids  too  much  traumatism  to  the  rectal 
mucosa.  After  the  massage  has  been  finished  the  urethra  and  bladder 
should  be  irrigated  with  some  antiseptic  solution  (I  generally  use  1  : 
60,000  bichlorid  of  mercury)  in  order  to  prevent  urethral  and  vesical 
infection  from  the  purulent  secretion  squeezed  from  the  prostate. 
Hydraulic  pressure  should  be  used,  as  it  is  much  simpler  than  the  use  of 
a  catheter  for  lavage.  After  the  patient  has  voided  the  irrigating  fluid, 
I  usually  make  a  deposit  of  2  per  cent,  carbolic  lanolin  ointment  into  the 
posterior  urethra.  This  penetrates  very  deeply  into  the  gland,  especially 
after  massage,  and  I  believe  is  of  considerable  value.  The  ointment 
depositor  shown  in  Fig.  211  has  proved  very  satisfactory. 

The  use  of  high  dilations  of  the  posterior  urethra  is  also  of  considerable 
service,  and  for  this  purpose  the  KoUmann  dilator  is  of  great  value. 
No  difficulty  is  experienced  generally  in  dilating  the  urethra  up  to  35 


CHRONIC   PROSTATITIS.  399 

degrees  or  even  40  degrees.  The  object  of  this  treatment  is  to  open  up 
the  prostatic  ducts  and  relieve  a  congestion  of  urethra  and  venimontanum. 
Instillation  of  two  or  three  drops  of  a  5  per  cent,  solution  of  silver  nitrate 
is  indicated  once  every  week  or  two,  especially  in  cases  associated  with 
enlargement  and  congestion  of  the  venimontanum. 

In  cases  with  marked  sexual  symptoms  additional  measures  may  be 
used,  such  as  the  topical  application  of  20  per  cent,  nitrate  of  silver  to 
the  venimontanum  through  an  endoscope,  the  passage  of  a  large  metal 
sound,  which  is  allowed  to  remain  in  the  urethra  for  five  minutes  and  thus 
make  continued  pressure  against  the  venimontanum,  and  the  use  of  the 
psychrophore,  with  either  very  cold  or  very  warm  fluid  passing  through 
it.  General  treatment  for  neurasthenia  should  also  be  carried  out  when 
indicated. 

In  cases  with  referred  pains  particular  attention  should  be  given 
during  the  prostatic  massage  to  infiltrations  around  the  prostate.  I 
have  seen  numerous  cases  of  long-standing  lumbago  and  sciatica  reUeved 
by  a  few  massages. 

In  cases  with  a  chronic  anterior  and  posterior  urethritis  the  routine 
treatment  above  described  is  usually  all  that  is  necessary.  In  many  cases 
anterior  urethritis  is  perpetuated  by  frequent  reinfections  from  the 
prostate,  and  with  an  improvement  of  the  prostatitis  anterior  urethritis 
usually  disappears.  In  some  cases,  however,  it  is  advisable  to  examine 
the  anterior  urethra  with  the  endoscope  and  perhaps  make  a  few  topical 
applications  to  diseased  areas,  and  to  dilate  the  anterior  urethra  after 
dilating  the  posterior  urethra  as  above  described.  Massage  of  indurated 
areas  upon  a  large  sound  is  also  of  value  in  some  cases,  and  special 
antiseptic  irrigations  and  injections  may  occasionally  be  necessary. 

Cases  of  obstructive  prostatitis  are  sometimes  markedly  benefited 
by  high  dilatations  of  the  prostatic  urethra  and  vesical  sphincter,  which, 
with  the  improvement  of  the  prostate  produced  by  massage,  may  remove 
the  difficulty  in  urination  and  even  cause  a  disappeali*ance  of  the  residual 
urine.  It  is  wise  to  try  always  the  simpler  methods  for  a  protracted 
period  and  then  to  give  the  patient  a  rest  to  see  what  has  been  ac- 
complished. In  some  cases,  however,  the  obstruction  and  residual  urine 
or  contracture  of  the  bladder  persist,  and  more  radical  measures  will 
have  to  be  adopted  to  effect  a  cure.  In  such  cases  the  median  obstruction 
may  be  removed  either  by  the  Bottini  operation  or  by  prostatectomy, 
perineal  or  suprapubic,  or  by  simple  division  of  the  bar  through  a  perineal 
incision. 

In  forty-two  cases  of  obstructive  prostatitis  in  my  series,  local  treat- 
ment was  employed  in  twenty ;  the  Bottini  in  five;  perineal  prostatectomy 
in  thirteen,  and  four  were  not  treated.  The  cases  in  which  the  Bottini 
operation  was  employed  were  less  severe  than  those  in  which  prosta- 
tectomy was  done,  and  the  results  have  been  fairly  satisfactory'.  The 
division  of  the  inflammatory  bar  removed  the  difficulty  in  urination, 
allowed  the  bladder  to  empty,  and  gradually  caused  a  disappearance  of 
the  vesical  hypertrophy  and  contracture.  The  incisions  were  made  with 
the  small  blade  of  my  instrument  and  were  generally  not  more  than 
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2  cm.  in  length.  One  or  two  incisions  were  generally  found  sufficient. 
In  cases  where  three  incisions  were  used  an  incontinence  persisted  for 
several  weeks. 

The  thirteen  patients  on  whom  conservative  or  partial  perineal 
prostatectomy  was  performed  were  aged  as  follows:  Two,  thirty-two; 
two,  thirty-seven;  two,  forty-four  and  forty-seven;  and  seven,  over  fifty 
years  of  age.  The  youngest  patient,  thirty-one  years  of  age,  had  led  a 
catheter  life  for  two  years,  and  one  thirty-seven  years  of  age,  for  twelve 
years;  and  in  both  of  these  cases  the  retention  of  urine  was  just  as  complete 
as  in  cases  of  great  prostatic  hypertrophy,  although  only  a  small  in- 
flammatory bar  was  present.  In  the  other  cases  there  was  only  a  moderate 
amount  of  residual  urine  present,  but  the  obstruction  was  marked  and 
the  irritability  and  contracture  of  the  bladder  considerable. 

Five  of  these  patients  had  suffered  severely  from  pain  for  many  years, 
and  the  prostate  was  markedly  inflamed  and  numerous  adhesions  were^ 
present.  All  have  been  reUeved  by  the  operation,  which  has  been  very 
satisfactor}^  not  only  in  completely  removing  the  obstruction  to  urination, 
but  also  in  causing  a  complete  disappearance  of  the  local  and  referred 
pains  of  severe  character.  The  impairment  of  sexual  power  after  the 
operation  has  been  only  transient,  and  two  cases  report  that  there  has 
been  a  marked  improvement  as  a  result  of  the  operation. 

The  cases  of  chronic  prostatitis  requiring  operative  relief  on  account 
of  the  obstruction  present  are  generally  those  characterized  by  severe 
inflammation,  induration,  and  periprostatic  infiltration  and  adhesions,  and 
for  such  cases  the  apparently  simpler  operations — the  Bottini  operation 
and  perineal  division  of  the  bar — are  generally  not  as  satisfactory  as 
prostatectomy,  by  which  the  enlarged  indurated  lobes  can  be  partially 
removed,  and  the  rest  of  the  prostate  drained  through  the  perineum 
after  the  operation.  In  this  way  not  only  is  the  obstruction  removed 
but  the  chronic  prostatitis  completely  cured.  Suprapubic  prostatectomy 
is  not  to  be  advisefl  because  it  is  difficult  to  enucleate  inflammatory 
enlargements,  and  it  is  possible  to  remove  piecemeal  through  the  supra- 
pubic region  only  the  median  bar,  so  that  very  little  more  is  accomplished 
than  would  be  possible  with  simple  perineal  division. 

The  operation  which  I  have  employed  in  these  cases  is  similar  to 
that  for  cases  of  true  prostatic  hypertrophy — the  ejaculatory  ducts 
and  urethra  are  preser\'ed  in  a  broad  bridge  of  tissue  between  two 
longitudinal  incisions  about  1.5  cm.  apart.  If  these  incisions  are  made 
deep,  no  difficulty  is  experienced  in  removing  the  lateral  lobes,  each 
in  one  piece,  as  they  shell  out  easily  from  the  capsule.  At  their  upper 
end  a  sharp  periosteal  elevator  is  usually  of  assistance  in  separating  them 
from  the  bladder.  The  median  portion  of  the  prostate  should  then  be 
inspected  through  one  of  the  lateral  cavities.  It  is  always  considerably 
above  and  well  demarcated  from  the  portion  containing  the  ejaculatory 
ducts,  and  by  piercing  it  with  a  sharp  hook  little  difficulty  is  usually 
experienced  in  removing,  partly  by  blunt  dissection  and  partly  by 
scissors,  this  hypertrophic  inflammator}''  median  mass  without  injury 
of  the  ejaculatory  ducts  and  with  only  a  sfight  tear  in  the  urethra.    The 
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sphincter  is  not  distxu'bed,  and  as  it  is  often  of  a  cicatricial  character 
it  is  well  to  insert  the  finger  through  it,  and  thoroughly  dilate  the  prostatic 
orifice.  In  some  cases  it  has  been  necessary  to  make  a  median  incision 
or  even  excise  a  small  portion,  but  care  should  be  taken  not  to  do  too 
much,  so  as  not  to  produce  incontinence.  If  the  vesical  orifice  is  widely 
dilated  after  removal  of  the  inflanmiatory  median  bar,  it  will  usually 
suffice.  If  the  examination  before  operation  has  shown  considerable 
seminal  vesiculitis,  it  may  be  well  to  expose,  incise,  and  drain  the  seminal 
vesicles;  I  have  done  this  in  two  cases.  No  difficulty  is  encountered  in 
picking  up  the  posterior  surface  of  the  vesicle  and  cutting  a  small  window 
into  it  for  packing  and  subsequent  drainage,  but  numerous  large  veins 
surround  the  vesicles,  and  in  one  case  considerable  hemorrhage  occurred. 
This,  however,  could  have  been  controlled  at  operation  had  the  necessity 
been  reaUzed. 

The  after-treatment  in  these  cases  is  the  same  as  for  prostatic 
hypertrophy — continuous  irrigation  through  two  catheters  which  are 
removed  at  the  end  of  twenty-four  hours.  The  perineal  fistula  usually 
heals  within  a  week  or  two,  and  some  of  these  patients  have  left  the 
hospital  in  twelve  days.  There  have  been  no  deaths  and  the  results  have 
been  exceedingly  satisfactory. 

In  four  cases  of  severe  chronic  prostatitis,  without  obstructive 
symptoms,  the  operation  of  conservative  perineal  partial  prostatectomy 
was  performed.  In  these  cases  the  median  portion  of  the  prostate 
was  not  disturbed.  Three  of  these  cases  had  been  subjected  to  local 
treatment  at  my  hands  for  a  prolonged  period  without  benefit,  but  the 
results  obtained  by  operation  were  rapid  and  excellent;  one  of  these 
patients  has  since  married  and  become  a  father,  and  others  report  no 
sexual  disturbance. 

I  feel  justified,  after  a  study  of  these  seventeen  cases  of  chronic 
prostatitis  in  which  the  operation  of  conservative  perineal  prostatectomy 
was  performed,  in  saying  that  operative  treatment  is  indicated  in  a 
certain  small  but  very  definite  number  of  cases.  Those  cases  with 
marked  obstruction  to  urination  cannot  well  be  reUeved  by  anything 
but  operative  intervention,  and  those  with  severe  inflammatory  changes 
which  do  not  respond  to  local  treatment,  or  may  be  associated  with  such 
painful  symptoms  as  to  prevent  the  administration  of  prostatic  massage, 
can  be  safely  and  quickly  cured  by  the  partial  excision  and  drainage 
afforded  by  the  operation  which  I  have  proposed,  and  I  believe  that  in 
the  future  we  will  come  more  and  more  to  a  conservative  operative 
treatment  for  chronic  prostatitis,  many  cases  of  which  can  otherwise 
be  cured  only  after  long  months  or  even  years  of  local  treatment.  The 
operation  is  naturally  delicate  and  requires  care  and  experience. 

Tuberculosis  of  the  Prostate.— The  first  definite  description  of 
tuberculosis  of  the  prostate  was  apparently  made  by  Boyle  in  1808, 
but  Dupuytren  and  Cruveilhier  gave  us  in  1842  our  first  description  of 
its  pathology.  Since  then  Vidal,  Thompson,  Simmonds,  Orth,  Mar- 
wedel,  Saxtorph,  and  others  have  described  cases  of  primar\'  tuberculosis 
of  the  prostate. 
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As  in  other  organs,  the  disease  may  be  primary  or  secondary,  the 
latter  being  much  the  more  common  form.  In  two  hundred  and  five 
cases  of  chronic  urogenital  tuberculosis  examined  at  autopsy,  Saxtorph 
found  nine  cases  in  which  the  disease  was  present  only  in  the  prostate, 
no  other  foci  being  present  in  the  body.  In  a  series  of  twenty-six  autop- 
sies in  cases  of  genital  tuberculosis,  Guyon  found  only  one  case  in  which 
the  prostate  alone  was  involved,  two  in  which  the  seminal  vesicles  alone 
were  involved,  ten  in  which  the  prostate  and  seminal  vesicles  were  both 
involved,  and  thirteen  in  which  the  prostate,  seminal  vesicles,  and  epididy- 
mis were  involved.  In  one  hundred  and  twenty-seven  cases  the  prostate 
was  involved  in  one  hundred  and  seventeen,  in  fifty-six  of  which  the 
infection  w^as  confined  to  the  prostate.  Burckhardt  found  the  prostate 
diseased  in  73  per  cent,  of  the  cases  of  urogenital  tuberculosis,  and  Hall6 
and  Motz  in  fifty-nine  out  of  seventy-two  cases.  Albarran  thinks  that 
posterior  urethritis  is  often  a  determining  factor  in  primary  tuberculosis 
of  the  prostate.  Baumgarten  holds  that  the  spread  of  tuberculosis  in 
the  genito-urinary  tracts  was  always  with  the  secretion  stream,  and  that 
the  prostate  thus  became  infected  from  tuberculosis  of  the  kidney  and 
also  the  epididymis,  but  never  the  epididymis  from  the  prostate.  Kan- 
torowicz  reported  fifty-one  cases  of  testicular  tuberculosis  in  children, 
in  only  two  of  which  the  prostate  was  diseased.  This  infrequency  may  be 
explained  by  the  lack  of  seminal  secretion  in  children.  In  twenty-five 
cases  of  genito-urinary  tuberculosis  seen  in  private  practice  I  found  ten 
in  which  the  disease  was  apparently  primary  in  the  prostate.  When  seen, 
however,  the  disease  had  spread  either  to  the  seminal  vesicles  or  urethra 
in  every  case.  In  the  other  fifteen  cases  the  prostate  was  secondarily 
infected  from  the  epididymis  or  kidney. 

Pathology. — All  stages  of  tuberculosis  are  found  in  the  prostate,  viz., 
miliary  tubercles,  conglomerate  tubercles,  caseation,  abscess  formation, 
fibrous  encapsulation,  etc. 

Miliary  tuberculosis  usually  occurs  along  w4th  a  general  infection 
and  is  seldom  recognized  except  at  autopsy.  In  primary  cases  the 
tubercles  develop  around  the  acini  or  their  excretory  ducts,  but  occa- 
sionally tubercles  in  the  interglandular  stroma  have  been  encountered. 
According  to  Hall6  and  Motz,  there  is  first  an  infiltration  of  embryonic 
cells  beneath  the  basement  membrane,  which  finally  become  confluent 
and  lead  to  the  destruction  of  the  glandular  epitheUum,  the  acini  thus 
becoming  filled  with  proUferating  and  desquamated  cells.  A  giant  cell 
appears  in  the  center  of  the  periacinous  infiltration,  the  cells  break  down, 
and  caseation  results.  Simmonds  says  that  the  tubercle  bacilli  are  most 
frequently  seen  between  the  basement  layer  of  epithelial  cells  and  the 
stroma  immediately  surrounding  the  acinus.  By  the  fusion  of  small 
nodules  larger  ones  are  formed. 

Two  distinct  types  have  been  recognized,  a  central  or  periurethral 
form,  and  a  peripheral  form  in  which  the  disease  is  localized  in  the 
peripheral  portions  of  the  gland.  The  lesions  are  usually  found  in  both 
lobes.  Socin  found  both  lobes  involved  thirty  times  in  forty-four  cases. 
In  one  case  a  caseous  nodule  was  found  in  the  middle  lobe  alone.     The 
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nodules  are  usually  multiple  and  small,  but  Albarran  has  described  an 
abscess  cavity  which  held  45  c.c.  In  rare  cases  the  invasion  is  so  intense 
that  the  entire  prostate  becomes  caseated,  forming  a  cystic  caseous  mass 
within  its  capsule.  Marwedel  has  described  such  a  case  in  which  the 
entire  gland  formed  a  sequestrum  and  was  undergoing  calcification.  The 
frequent  finding  of  evidences  of  healing  processes  has  been  remarked 
upon  by  numerous  observers,  and  several  instances  of  apparent  cure 
have  been  found  at  autopsy. 

Beginning  in  the  prostate  the  tuberculous  processes  may  invade  the 
ejaculatory  ducts,  the  seminal  vesicles,  the  vas,  epididymis,  and  testicle, 
or  the  urethra  and  bladder.  Invasion  of  the  periprostatic  tissues,  the 
ischiorectal  fossa,  the  rectum,  and  the  peritoneum  also  occurs.  In  forty- 
four  cases  Socin  found  only  one  in  which  the  rectum  was  invaded.  Eng- 
Usch  has  described  a  periprostatic  tuberculosis  without  any  invasion  of 
the  urogenital  tract.  The  course  of  the  disease  in  the  genital  tract  is 
often  quite  interesting.  Primary  tuberculosis  generally  begins  in  the 
globus  major  of  the  epididymis.  Later  the  body  and  globus  minor 
become  involved,  and  finally  the  prostate  and  seminal  vesicle  may 
become  infected  through  the  vas  deferens.  If  now  the  opposite  side  of 
the  scrotum  becomes  involved,  I  have  almost  always  found  the  disease 
to  locate  primarily  in  tjie  globus  minor,  as  in  gonorrheal  epididymitis. 
In  such  casec  it  seems  probable  that  the  first  infection  is  hematogenous 
in  character  and  located  in  the  globus  major.  When  the  opposite  side 
is  invaded,  the  disease  travels  down  the  vas  deferens  and  thus  infects 
first  the  globus  minor.  The  lesions  of  the  urethra  are  often  extensive 
and  involve  sometimes  Cowper's  glands  and  other  periurethral  structures. 
The  bladder  often  remains  for  a  long  time  free  from  invasion,  but  ulti- 
mately infiltration  of  its  walls,  ulceration,  contracture,  etc.,  occur.  An 
abscess  may  burrow  toward  the  rectiun,  the  perineum,  or  the  peritoneum, 
and  fistulas  of  various  kinds  may  result — perineal,  rectal,  recto-urethral, 
rectovesical,  etc. 

Symptoms. — The  symptoms  may  vary  very  much  with  the  extent 
and  position  of  the  lesions.  In  many  cases  they  resemble  those  of  a 
simple  prostatitis  or  urethritis  in  the  earlier  stages.  When  the  urethra  is 
invaded,  distressing  urinary  symptoms  usually  come  on,  viz.,  frequent 
and  painful  urination,  hematuria,  strangury,  etc.,  often  simulating 
vesical  calculus.  At  first  the  symptoms  may  be  intermittent  and  periodic, 
with  long  intervals  of  no  discomfort.  More  or  less  obstruction  to  urina- 
tion with  partial  or  even  complete  retention  of  urine  occasionally  occurs, 
generally  due  to  the  formation  of  an  abscess  and  relieved  by  its  rupture. 
Hematuria  is  often  an  early  symptom,  and  in  several  of  my  cases  was 
present  before  any  irritability  of  the  urethra  or  bladder  developed.  It  is 
usually  terminal  and  similar  to  that  seen  in  posterior  urethritis.  Later 
the  hemorrhage  may  become  profuse.  Hematospermia  is  occasionally 
seen.  In  cases  in  which  the  peripheral  portions  of  the  gland  are  considera- 
bly invaded  pronounced  rectal  and  perineal  symptoms  may  be  present. 
Defecation  may  be  extremely  difficult  and  painful  and  sometimes  a 
tenesmus  occurs  at  stool. 
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The  various  referred  pains  seen  in  chronic  prostatitis  may  be  present, 
viz.,  in  the  back,  buttocks,  hips  and  thighs  (often  following  the  sciatic 
nerve),  and  in  the  suprapubic,  inguinal,  and  scrotal  regions. 

When  the  disease  becomes  extensive  and  accompanied  by  an  invasion 
of  the  seminal  vesicles,  urethra,  and  bladder,  the  condition  of  the  patient 
is  often  pitiable — micturition  every  few  minutes,  accompanied  by  great 
pain  in  the  bladder,  prostate,  and  penis,  and  various  referred  pains  for 
which  morphin  often  gives  little  relief.  In  many  cases,  however,  with 
considerable  involvement  present,  the  patient  is  singularly  free  from 
severe  symptoms.  I  have  seen  cases  with  ver}-^  extensive  invasion  of 
prostate  and  seminal  vesicles  with  very  few  urinary  symptoms. 

Diagnosis. — In  the  beginning  of  the  disease  diagnosis  is  extremely 
difficult  owing  to  the  frequent  occurrence  of  chronic  posterior  urethritis 
and  prostatitis.  A  small  tuberculous  lesion  is  rarely  recognized.  In  the 
absence  of  chronic  gonorrhea  the  finding  of  locaUzed  nodules  in  the  pros- 
tate should  be  viewed  with  suspicion,  especially  if  a  slight  hematuria 
and  marked  tenderness  are  present.  A  careful  examination  of  the  pros- 
tatic secretion  obtained  by  massage  should  be  made,  and  in  order  to 
avoid  confusion  with  the  smegma  bacillus  the  penis  should  be  thoroughly 
cleaned  up  and  the  anterior  urethra  irrigated  with  a  slender  glass  tube 
or  catheter  previous  to  massage  of  the  prostate  and  to  urination.  Studies 
made  by  Churchman  and  myself  showed  conclusively  that  if  this  is  care- 
fully done  the  smegma  bacillus  will  never  be  found  in  the  voided  urine. 
The  tuberculin  test  or  animal  inoculations  may  be  necessary  in  some 
cases. 

In  the  later  stages  of  the  disease  diagnosis  is  usually  easy,  from  the 
severity  of  the  symptoms,  the  marked  frequency  and  painfulness  of  urina- 
tion, and  the  discovery  of  an  enlarged,  irregular,  nodular,  tender  prostate, 
often  associated  with  a  similar  condition  of  the  seminal  vesicles  and  mem- 
branous urethra.  Some  cases  of  severe  chronic  prostatitis  closely  simu- 
late tuberculosis,  but  the  prostate  is  rarely  so  irregular  or  so  tender, 
though  the  induration  may  be  greater.  Efforts  should  be  made  to  dis- 
cover whether  the  disease  is  secondary  to  lesions  in  other  portions  of  the 
urinary  or  seminal  tracts  by  careful  examination  of  the  scrotal  contents 
and  of  the  kidneys,  but  cystoscopy  and  ureteral  catheterization  are  usually 
not  indicated  unless  there  is  distinct  suspicion  that  one  of  the  kidneys 
is  involved.  Ureter  catheterization  should  then  be  done  if  possible,  as 
it  has  been  distinctly  shown  that  nephrectomy  is  strongly  indicated  in 
all  such  cases.  The  urethroscope  may  occasionally  demonstrate  ulcera- 
tions and  aid  in  the  diagnosis,  but  it  is  usually  too  painful  and  too  pro- 
ductive of  trauma  to  be  advised. 

In  carcinoma  of  the  prostate  the  induration  is  usually  more  uniform 
and  more  stony  in  character,  and  the  age  of  the  patient  is  generally  greater 
than  that  in  which  tuberculosis  usually  occurs.  In  some  cases,  however, 
the  diagnosis  may  be  difficult.  Prostatic  lithiasis,  hypertrophy,  or 
cysts,  and  vesical  calculus,  tumor,  or  ulcer,  have  also  to  be  considered 
occasionally,  but  the  diagnosis  is  usually  simple. 

Treatment. — Hygienic . — The  now  well-established  methods  of  treat- 
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ing  tuberculosis  of  the  lungs  and  other  regions  of  the  body  by  hygienic 
measures  are  very  valuable  also  in  the  treatment  of  tuberculosis  of  the 
prostate.  An  outdoor  life,  rest,  proper  attention  to  food  and  the  general 
regulation  of  one's  daily  life  are  often  of  wonderful  value  in  the  treatment 
of  prostatic  tuberculosis.  I  have  been  unable  to  find  any  statistics  to 
determine  whether  special  climates  or  altitudes  have  any  distinct  ad- 
vantage. They  are  apparently  not  so  important  as  in  cases  of  pulmonary 
tuberculosis.  I  have  seen  several  cases  with  very  extenisve  tuberculosis 
of  prostate,  seminal  vesicles,  urethra,  and  bladder,  with  foci  in  the  lungs, 
who  are  now  remarkably  improved  after  several  years  of  outdoor  life. 
In  some  of  these  cases  the  prostate  now  feels  almost  normal. 

Local. — Guyon  has  advised  the  use  of  instillations  of  1  to  5000  bichlo- 
rid  of  mercury  when  the  urethra  has  become  involved.  Ichthyol,  iodo- 
form, and  other  medicaments  have  also  been  recommended,  but  their 
use  is  generally  condemned;  and  the  less  urethral  instrumentation  and 
irrigation  is  done,  the  better  it  is  as  a  rule.  Opiates  may  be  necessary 
to  relieve  the  pain,  and  are  usually  best  given  in  the  form  of  suppositories 
in  conjunction  with  hyoscyamus  or  belladonna. 

Surgical. — In  case  of  abscess  formation,  an  incision  through  the  per- 
ineum may  be  necessary,  but  unless  the  process  is  fairly  extensive  the 
operation  should  usually  not  be  done.  A  study  of  the  literature  shows 
distinctly  that  attempts  to  remove  the  tuberculous  foci  in  the  prostate 
are  usually  more  harmful  than  helpful.  The  fact  that  the  ejaculatory 
ducts,  portions  of  the  seminal  vesicles,  and  the  urethra  are  usually  in- 
volved shows  the  futility  of  attempting  a  radical  excision.  A  chronic 
tuberculous  sinus  usually  results,  and  most  often  mine  escapes  through 
it  and  the  condition  is  worse  than  before.  The  results  of  vesiculectomy 
for  tuberculosis  have  also  been  very  unsuccessful,  and  the  surgical  world 
is  pretty  well  agreed  that  operative  procedures  upon  the  prostate  are  not 
indicated.  As  remarked  above,  when  the  disease  is  secondary  to  tuber- 
culosis of  the  kidney  nephrectomy  should  be  performed  if  possible.  After 
removal  of  the  primary  focus  the  prostatic  lesion  often  gets  well.  When 
the  epididymis  or  testicle  is  involved,  it  should  be  removed.  This  is 
true  when  extensive  tuberculosis  of  other  organs  coexists,  as  it  has  been 
distinctly  shown  that  the  removal  of  the  external  focus  which  pours  a . 
steady  stream  of  pus  into  the  prostate,  by  epididymectomy  or  castration, 
is  often  very  beneficial.  For  several  years  it  has  been  my  plan  to  make 
the  incision  high  up  in  the  groin  and  to  bring  the  vas  deferens  out  of  the 
upper  angle  of  the  wound,  where  it  can  be  injected  with  iodoformized  oil 
at  the  operation  and  at  intervals  of  a  few  days  afterward.  In  some  cases 
the  drainage  of  purulent  material  through  the  stump  of  the  vas  has 
persisted  for  several  weeks,  and  this  treatment  as  a  whole  has  been  very 
beneficial. 

In  some  cases  with  severe  urinar\'  symptoms  suprapubic  cystastomy 
for  temporary  or  even  permanent  suprapubic  drainage  may  be  ad- 
visable. 

Hypertrophy  of  the  Prostate. — History.— Although  the  prostate 
was  first  described  bv  Massa  in  the  sixteenth  centurv,  it  was  not  until 
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the  seventeenth  century  that  Riolan  discovered  that  obstruction  to  urina- 
tion could  be  produced  by  its  enlargement.  His  observation,  however, 
was  very  Uttle  noticed.  A  Uttle  later,  however,  Morgagni  gave  an  ex- 
cellent description  of  the  patholog>'  and  complications  of  certain  cases  of 
prostatic  enlargement.  Since  then  Hunter,  Home,  Brodie,  and  Thompson 
in  England,  and  Civiale  and  Mercier  in  France,  have  been  the  pioneers 
in  this  field  of  pathology  and  surgerj'. 

In  recent  years  there  have  been  many  workers  on  the  surgery  of  the 
prostate,  among  whom  may  be  mentioned  Mercier,  who  advocated  snaring 
or  destroying  the  median  lobe  through  the  perineum  in  1856;  Bottini, 
who  introduced  the  galvanocauter>'  treatment  through  the  urethra  in 
1874;  Kiichler,  who  described  a  radical  operation  for  prostatectomy 
which  he  carried  out  on  the  cadaver  in  1866;  Billroth,  who  practised  this 
operation  on  the  Uving  subject  in  1867;  Gouley,  who  laid  down  the  prin- 
ciples for  enucleation  of  the  prostate  through  the  perineum  in  1874; 
Leisrink,  who  in  1882  did  the  first  total  extirpation  of  the  prostate  and 
sutured  the  divided  ends  of  the  urethra;  Belfield  and  McGill,  who  inde- 
pendently in  1887  enucleated  the  whole  gland  more  or  less  completely 
through  a  suprapubic  incision;  Watson,  who  in  1888  published  a  handsome 
monograph  demonstrating  the  possibilities  of  perineal  prostatectomy; 
Goodfellow,  who  in  1890  began  the  first  systematic  enucleation  of  the 
gland  through  the  perineum;  Fuller,  who  in  1895  carried  out  systematic 
suprapubic  enucleation  of  all  the  prostatic  lobes;  White,  who  in  1893 
suggested  castration,  and  Harrison,  who  introduced  vasectomy  in  1893. 

In  the  past  ten  years  there  have  been  a  vast  number  of  articles  upon 
the  surgery  of  the  prostate  and  numerous  operative  procedures  have  been 
advocated.  Many  of  these  have  been  attempted  in  only  a  few  cases. 
Those  which  have  ^^'on  distinct  recognition  and  are  used  to-day  are  as 
follows: 

Methods  of  perineal  prostatectomy  as  practised  by  Goodfellow,  Alex- 
ander, Syms,  Murphy,  Ferguson,  Bryson  and  Young.  Methods  of  supra- 
pubic prostatectomy  as  practised  by  Fuller  and  Freyer.  The  Bottini 
operation  as  carrieil  out  with  the  instruments  of  Freudenberg,  Young, 
and  Chetwood. 

Pathology. — ^A  review  of  the  literature  shows  that  numerous  opinions 
have  been  expressed  regarding  the  nature  of  prostatic  hypertrophy 
and  that  many  theories  have  been  proposed  to  explain  the  pathologic 
processes  present.  The  lobulated  nature  of  the  growth  was  recognized 
early  and  Virchow  described  them  as  hyperplastic  myomata.  Rind- 
fleisch  recognized  two  forms,  one  glandular  and  one  fibromuscular. 
Velpeau  was  one  of  the  first  to  call  attention  to  the  spheroidal  nature  of 
the  tumors  which  one  sees  in  hypertrophied  prostates.  Thompson 
recognized  the  existence  of  four  varieties:  (1)  one  showing  simultaneous 
development  of  all  the  elements  of  the  prostate;  (2)  the  predominance 
of  the  stroma;  (3)  predominance  of  the  glandular  elements;  (4)  the 
formation  of  spheroidal  bodies,  which  he  compared  to  uterine  fibro- 
mata. 

In  a  study  of  one  hundred  prostates  when  the  clinical  diagnosis  of 
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hypertrophy  of  the  prostate  had  been  made,  Albarran  and  Hall6  found 
four  varieties  of  lesions,  which  they  grouped  as  follows: 

Glandular  hypertrophies 32 

Fibrous  hypertrophies 3 

Mixed  hypertropnies 51 

Prostatic  epithehoma 14 

Greene  and  Brooks  disagreed  with  the  findings  of  Albarran  and  Hall6 
and  held  that  the  epitheUal  changes  upon  which  the  diagnosis  of  epithe- 
lomata  had  been  made  had  been  found  by  them  in  many  of  their  own 
cases  which  were  undoubtedly  not  cancerous.  Ciechanowski  came  to 
the  conclusion  that  prostatic  hypertrophy  was  almost  always  the  result 
of  chronic  inflammatory  changes,  with  which  conclusion  Greene  and  Brooks 
agreed. 

In  a  recent  contribution  Motz  has  called  attention  to  the  fact  that 
prostatic  hypertrophy  nearly  always  began  in  the  glands  close  to  the 
urethra  on  each  side,  and  that  the  glands  beneath  the  urethra  and  below 
the  ejaculatory  ducts  are  rarely  enlarged. 

The  following  notes  are  largely  extracted  from  a  study  by  Geraghty 
and  myself  of  120  specimens  removed  by  perineal  prostatectomy.  Taking 
as  a  basis  of  classification  the  composition  of  the  hypertrophy,  we  have 
been  able  to  distinguish  three  types  of  cases:  (1)  Glandular,  one  hundred 
cases;  (2)  fibromuscular,  fourteen  cases;  and  (3)  inflammatory,  six  cases. 

The  first  two  forms  alone  represent  true  hypertrophies.  The  inflam- 
mator}'  form  is  not  a  true  hypertrophy,  but  we  include  it  because  it 
represents  an  important  variety  of  obstructing  prostate.  Although 
here  and  there  one  encounters  a  picture  typical  of  the  glandular  and  the 
fibromuscular  varieties,  various  transitions  exist,  and  a  clear-cut  boundary- 
line  cannot  always  be  easily  drawn  between  them.  This  classification 
which  we  have  employed  is  not  to  be  understood  as  representing  distinct 
anatomic  varieties,  but  rather  types  of  cases  which  are  but  different 
phases  of  the  same  pathologic  process. 

Gross  Appearance  of  Glandular  Form. — When  enucleated,  the  sur- 
face is  usually  lobulated  and  the  consistence  is  generally  soft  and  elastic. 
On  cutting  into  such  a  prostate  the  tissue  may  be  more  or  less  sponge- 
like, owing  to  dilated  glandular  acini,  while  here  and  there  are  seen  the 
gaping  orifices  of  small  retention  cysts  which  have  been  cut  across.  An 
abundance  of  secretion  oozes  forth.  Usually  the  cut  surface  presents 
the  picture  of  numerous  spheroidal  tumors,  differing  in  size,  separated 
from  each  other  by  encircling  and  interlacing  bands  of  tissue  of  a  denser 
character  and  of  varying  thickness.  These  spheroidal  lobules  project 
beyond  the  surface  and  are  sometimes  distinctly  encapsulated  and  can 
be  quite  readily  enucleated.  At  times  the  tendency  to  spheroid-formation 
is  indistinct  and  the  picture  presented  resembles  that  of  a  diffuse  glandu- 
lar hypertrophy. 

On  microscopic  examination  the  gland  tissue  for  the  most  part  occurs 
in  lobules,  and  when  these  are  not  present  the  acini  seem  to  be  segregated 
in  well-defined  areas.  The  acini  are  usually  dilated,  often  elongated  or 
ovoid,  and  with  rather  complex  lumina  due  to  infolding  and  often  papillo- 
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matous-like  proliferation  of  the  lining  wall  (Fig.  212).  The  epithelium 
lining  the  acini  presents  a  variety  of  pictures.  One  acinus  may  be  Hned 
by  a  double  layer  of  cells,  the  internal  being  a  high  cylindrical  type  with 
the  nucleus  near  the  basal  end  and  an  internal  layer  of  rather  cuboidal 
shaped  cells.  Again,  there  may  be  but  a  single  layer  of  high  cylindrical 
cells.  In  the  culs-de-sac  where  proliferation  is  active  there  may  be  beneath 
the  layer  of  cylindrical  cells  numerous  layers  of  polygonal  shaped  cells. 
Very  often  in  the  same  acinus  at  one  point  a  single  layer  of  cylindric 
cells  may  be  seen  and  at  other  points  accumulated  heaps  of  small  epithelial 
cells.  The  interacinous  stroma  is  composed  of  fibrous  and  muscular 
tissue  in  varying  amount.  Acini  which  have  undergone  cystic  degenera- 
tion are  frequently  encountered.  These  acini  are  usually  lined  by  a 
single  layer  of  flattened  epithelium,  and  rarely  give  evidence  of  a  prolifera- 


FiG.    212. — This    Represknts    a    Picture  Commonly    Sekn    in    the    Glandular    Form   op 

Hypertrophy. 
The  acini  are  for  the  most  part  dilated    and   several   have   undergone   cystic   dilatation.     Epi- 
thelial proliferation  is  active. 


tive  activity.  About  the  periphery  of  the  spheroidal  lobules  the  tissue 
is,  as  a  rule,  condeased,  fibrous  in  character,  and  contains  acini,  most  of 
which  are  compressed  and  elongated. 

Fibromicscular, — The  fibromuscular  forms  seldom  reach  the  large 
size  attained  by  the  glandular.  The  largest  in  our  series  weighs  25  gm. 
The  consistence  is  much  firmer  than  the  glandular,  but  it  never  has  the 
induration  which  one  encounters  in  the  carcinomatous  prostate.  On 
section  it  is  less  succulent  and  distinctly  more  homogeneous  in  appearance, 
although  isolated  spheroids  are  noted,  which  may  be  mostly,  if  not  entirely, 
composed  of  a  fibrous  or  fibromuscular  tissue.  The  dilated  orifices  of 
the  acini  are  sometimes  seen  and  occasionally  small  retention  cysts  are 
noted. 

On  microscopic  examination  the  acini  are  regular  in  outline,  separated 
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by  broad  bands  of  stroma,  and  seldom  show  many  signs  of  active  gland 
proliferation  (Fig.  213).  They  are  sometimes  dilated,  but  seldom  dis- 
play the  degree  of  cystic  degeneration  seen  in  adenomatous  hypertrophies. 
The  stroma  varies,  connective  tissue  predominating  in  one  and  muscle 
in  others. 

Under  the  fibrous  or  inflammatory  form  of  hypertrophy  we  have  in- 
cluded a  very  interesting  group  of  cases  with  marked  prostatic  symptoms 
and  partial  or  complete  retention  of  urine,  but  with  very  little  enlarge- 
ment of  the  prostate.     On  gross  examination  they  contain  no  spheroids; 


Fig.    213.  — RKPRh;MKNT«    a    Fihromuhcular    Form    of    Htpertrohht. 


the  cut  surface  is  more  homogeneous  and  fibrous.  The  prostatic  obstruc- 
tion is  a  result  of  inflammatory  processes  which  produce  a  fibrous  hyper- 
plasia about  the  vesical  orifice  or  result  in  the  formation  of  an  inflamma- 
tory median  bar.  The  microscopic  examination  of  the  median  bar  in 
these  cases  has  always  demonstrated  its  inflammatorv'  nature,  while  the 
lateral  lobes  present  no  changes  other  than  those  noted  in  chronic  prosta- 
titis. Cl)ronic  inflammatory  processes  have  been  found  ver\^  frequently 
in  our  cases,  but  as  a  large  percentage  of  the  patients  were  suffering  from 
chronic  cystitis  one  would  expert  prostatitis  to  be  a  frequent  complication. 
A  well-marked  prostatitis  was  present  in  58  per  cent.;  a  slight  prostatitis 
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with  a  few  limited  areas  of  inflammation  in  31  per  cent.;  no  prostatitis 
at  all  in  11  per  cent. 

We  have  already  referred  to  the  views  of  Ciechanowski  regarding  the 
role  which  prostatitis  plays  in  the  production  of  prostatic  hypertrophy. 
A  review  of  Ciechanowski's  cases  shows  that  he  was  dealing  almost 
entirely  with  small  prostates  found  at  autopsy,  while  ours  were  cases  of 
obstruction  requiring  operation.  If  Ciechanowski 's  views  as  to  the  etio- 
logy (obstruction  of  the  excretory  ducts)  were  correct,  one  would  expect 
to  find  the  acini  generally  dilated  and  Uned  by  flattened  epithelium,  but 
Buch  is  not  the  case. 

Chronic  prostatitis  with  the  production  of  a  large  amount  of  fibrous 
tissue  is  generally  accompanied  by  atrophy  of  the  gland  elements.  In  our 
examinations  the  areas  in  which  the  chronic  inflammatory  processes  w^ere 
most  marked  had  only  a  small  niunber  of  acini,  and  these  were  often 
compressed  and  atrophic.  At  times  nothing  but  vestiges  of  former  acini 
remained.  Furthermore  in  11  per  cent,  of  our  specimens  no  evidence  of 
any  inflammatory  processes  were  found,  and  in  the  vast  majority  of 
cases  where  prostatitis  w^as  present  the  inflammation  was  confined  to 
limited  areas,  most  of  the  hypertrophied  tissues  being  free  from  it.  The 
arteriosclerotic  theory  of  Guyon  is  also  untenable. 

Development  of  Prostatic  Hypertrophy, — The  different  steps  in  the  for- 
mation of  the  new  gland  acini  can  often  be  followed  in  one  section.  The 
initial  activity  is  in  the  epithelium,  resulting  in  a  protrusion  or  folding  of 
the  epithelial  lining  toward  the  lumen  of  the  acinus,  the  knuckles  of  epithe- 
lium projecting  into  the  lumen  without  a  supporting  pedicle  of  stroma. 
At  other  points  one  sees  delicate  fibrils  of  connective  tissue  accompanying 
the  epithelial  proliferation,  and  at  a  later  stage  fibers  of  smooth  muscle 
entering  into  the  composition  of  the  pedicle  of  the  new-formed  villus. 
By  the  continued  growth  of  these  protrusions  the  acinus  becomes  sub- 
divided and  new  acini  are  formed.  If  the  glandular  activity  is  very  pro- 
nounced, the  interacinous  stroma  may  consist  entirely  of  delicate  fibrils 
of  connective  tissue,  but  where  the  proliferation  is  slower  the  stroma  is 
more  abundant.  It  is  probably  the  primary  activity  of  the  epithelium 
which  stimulates  the  connective  tissue  and  muscular  elements  of  the 
stroma  to  activity.  Prostatic  hypertrophy  is  not  a  diffuse  hyperplasia 
of  all  portions  of  the  prostate,  but  one  which  begins  in  separate  foci  and 
results  in  the  formation  of  numerous  spheroidal  tumors.  As  the  hyper- 
trophy in  the  central  }X)rtion  increases,  the  peripheral  tissue  is  condensed, 
thus  forming  a  pseudo-capsule  (Fig.  216).  It  is  inside  this  pseudo-cap- 
sule that  the  usual  enucleation  is  performed.  In  the  compression  of  the 
peripheral  portion  of  the  prostate  the  ejaculatory  ducts  are  pressed  toward 
the  posterior  surface,  so  it  is  easy  to  understand  why  in  some  cases  of 
suprapubic  prostatectomy  the  ejaculatory  ducts  are  not  destroyed.  The 
subcervical  and  presj^ermatic  portions  can  be  removed  without  disturbing 
them. 

Malignant  Degeneration. — Albarran  and  Hall6  found  what  they  con- 
sidered malignant  changes  fourteen  times  among  a  hundred  prostates 
obtained  from  autopsies  at  Hopital  Necker  in  which  the  diagnosis  of 
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benign  hypertrophy  had  been  made.  It  was  only  on  microscopic  exami- 
nation that  these  supposed  evidences  of  malignancy,  to  which  they  have 
applied  the  term  "epithelioma  adenoid/'  were  found. 

In  our  one  hundred  and  twenty  enucleated  specimens  of  pros- 
tates which  were  thought  to  be  benign,  and  in  which  on  gross  examination 
no  suspicion  of  malignancy  was  entertained,  in  only  one  was  distinct 
carcinoma  found  on  microscopic  examination.  In  this  prostate  a  small 
carcinomatous  nodule  about  2  mm.  in  diameter  was  noted  in  an  otherwise 
benign  prostate.  We  have  not  infrequently  found  areas  of  active  gland 
proliferation  in  which  the  epithelium  lining  the  acini  and  the  intra- 
acinous  papillar}^  projections  presented  a  rather  wild  profujsion  and  showed 
some  slight  involution  changes,  but  we  do  not  consider  these  sufficiently 
marked  to  warrant  a  diagnosis  of  carcinoma.  It  seems  probable  that  all 
of  the  changes  described  by  Albarran  and  Hall^  should  not  be  considered 
malignant,  sinc«  benign  adenomata  display  many  epithelial  variations, 
some  of  which  may  closely  simu- 
late malignancy. 

The  following  conclusions 
seem  warranted :  Prostatic  hyper- 
trophy is  of  neoplastic  nature, 
and  in  most  cases  is  of  an  adeno- 
matous or  fibromyoadenomatous 
form.  Pure  myomata  and  fibro- 
mata are  occasionally  seen.  The 
characteristic  lesion  of  hyper- 
trophy is  the  formation  of  sphe- 
roidal tumors  which  arise  in  the         Fig.    214.— a  Cross-section   of   a    Prostate 

central    group  of  glands.      The  Hvp^RTfoPHT'''''^  ^"^  ^^"^^  ^^''''  "^ 

primarv    activity    is    in    the    epi-  The  small  spheroidal  tumors  have  formed 

f,     ,.       "        e     A\_  •    •         /->ri_  •  i"  *^®  central  portion  and  are  compressing  the 

tneiiUm    01     the    acmi.       Chronic  tissue  immediately  surrounding  them. 

prostatitis  may  produce  obstruc- 
tion similar  to  true  prostatic  hypertrophy,  but  does  not  lead  to  a  true 
hypertrophy  of  the  gland.  Cancer  rarely  begins  in  a  benign  hypertrophy. 
Mechanical  Changes, — These  may  perhaps  be  best  understood  by  a 
progressive  description  of  the  lesions  which  are  encountered.  In  the 
great  majority  of  cases  the  enlargement  is  produced  by  the  growth  of 
one  or  more  spheroids  in  the  prostate,  as  shown  in  Fig.  214.  These 
spheroids  are  round  or  oval  masses  surrounded  by  a  somewhat  indefinite 
fibrous  capsule  and  composed  largely  of  glandular  elements  which  have 
undergone  active  proliferation.  The  most  common  location  for  the 
beginning  spheroid  formation  is  along  either  side  of  the  urethra  in  the 
substance  of  one  of  the  lateral  lobes,  as  shown  in  Fig.  214,  in  which  two 
small  spheroids  are  shown  on  opposite  sides  of  the  urethra.  It  will  be 
noted  here  that  the  urethra  is  flattened  from  side  to  side  by  the  pressure 
of  these  growths,  but  that  the  prostate  is  not  definitely  enlarged.  In 
Fig.  215  a  later  stage  is  shown,  in  which  large  spheroids  are  present  along 
with  smaller  ones  which  are  developing  elsewhere.  The  prostate  is  en- 
larged, the  urethra  flattened  from  side  to  side  and  considerably  increased 
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Fio.  215. — A  Crobr-sicction  of  a  Hypertrophy 
Somewhat  More  Advanckd  Than  That  Seen 
IN  Fig.  214. 

Id  the  lower  portion  are  visible  the  ejaculatory  ducta 
and  the  dilated  orifices  of  some  gland  acini. 


antero-posteriorly,  so  that  it  presents  the  shape  of  a  long,  inverted  Y. 
Fig.  216  shows  a  still  later  example  of  spheroid  formation.  Here 
numerous  spheroids  are  seen  closely  crowded  together  with  little  interven- 
ing tissue  and  completely  occupying  the  substance  of  the  two  lateral 

lobes.     Surrounding    them    ex- 

.^^--"^tl-^^^^^  ternally  a  definite  thick  capsule  • 

J^^^lmN^^  ^^?lk^  '^  ®^^*     "^^^  capsule,  which  is 

nf       7/\      ^f  ^^^  much  thicker  than  in  the  normal 

^M.     -'^Er    K  .^r  ^^         prostate,  is  composed  not  only 

of  fibrous  and  muscular  elements, 
but  also  remnants  of  gland  tissue 
which  have  been  packed  together 
by  the  outward  pressure  of  the 
growing  spheroids.  Briefly,  then, 
the  formation  of  prostatic  en- 
largement, as  usually  seen,  con- 
sists in  the  growth  of  an  in- 
creasing number  of  spheroids 
surrounded  by  an  artificially  pro- 
duced thick  capsule  and  leading 
to  distortion  of  the  urethra  in 
various  ways  from  the  pressure  of  the  growing  masses. 

In  the  simplest  form  there  may  be  only  an  enlargement  in  one  of  the 
lateral  lobes,  which  may  flatten  the  urethra  and  cause  it  to  deviate 
toward  the  opposite  side;  this  form,  however,  is  very  rare.  More  com- 
monly we  find  an  enlargement  on  both  sides  of  the  urethra,  which 
is  flattened  between  them  and 
lengthened  antero-posteriorly,  as 
seen  in  Fig.  216.  In  such  cases 
the  prostate  is  usually  increased 
in  all  of  its  diameters,  but  at 
operation  only  two  globular 
masses,  which  are  composed  of 
numerous  spheroids,  are  found; 
one  on  each  side  of  the  urethra. 
In  such  cases  that  portion  of  the 
prostate  beneath  the  urethra  and 
the  ejaculatory  ducts  is  rarely 
enlarged.  In  the  earlier  stages 
the  enlarged  lateral  lobes  do  not 
project  into  the  bladder,  but  in 
rare  instances  they  project  ante- 
riorly toward  the  symphysis  pubis, 
greatly  increasing  the  antero-posterior  diameter  of  the  prostate,  but 
forming  a  prostate  the  size  of  which  is  not  indicated  either  on  rectal 
examination  or  with  the  cystoscope  (I  have  seen  two  such  cases).  As  a 
rule,  however,  enlarged  lateral  lobes  soon  begin  to  project  into  the  bladder, 
where  they  appear  as  globular  outgrowths  covered  with  smooth  mucous 


s.jt^^t 


Fig.    216. — The   Hypertrophy    Here    ib   Ad- 
vanced Still  Furthkr  Than  That  Seen 

IN    FlU8.  214  AND   215. 

The  central  portion  is  entirely  replaced  by 
the  hypertrophied  tissue,  while  the  periphertu 
portion  assumes  the  r6Ie  of  a  thickened  capsule 
in  the  periphery.  The  ejaculatory  ducts  are 
seen  toward  the  posterior  surface. 
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membrane;  but  with  no  intervening  layer  of  muscle.  Dissection  in  such 
cases  shows  that  the  vesical  sphincter  lies  external  to  these  outgrowths, 
which  have  evidently  grown  into  the  bladder  from  the  urethra,  thus  dilating 
and  pushing  the  vesical  sphincter  outward.  This  is  an  important  point, 
because  it  allows  the  enucleation  of  these  lateral  enlargements  without 
the  destruction  of  the  vesical  sphincter.  The  size  reached  by  such  lateral 
enlargements  is  often  very  considerable  and  occasionally  huge.  I  have 
seen  cases  in  which  the  lateral  lobes  projected  far  into  the  bladder,  so 
that  they  presented  the  appearance  of  two  hemispheres  with  their  flat 
surfaces  compressing  the  greatly  widened  and  flattened  urethra  between 
them,  and  with  no  enlargements  of  other  portions  of  the  prostate  present. 

The  most  common  variety  consists  of  the  enlargement  of  the  median 
and  lateral  lobes.  The  lateral  portions  of  such  an  enlargement  are  similar 
to  that  which  has  been  previously  described.  The  median  enlargement 
occurs  in  that  portion  of  the  prostate  in  front  of  the  ejaculatory  ducts 
and  beneath  the  urethra  adjoining  the  vesical  orifice.  In  its  earliest 
form  this  usually  appears  as  a  slight  thickening  of  this  portion  of  the 
prostate.  In  such  a  case,  if  the  vesical  orifice  be  viewed  from  within  the 
bladder,  it  will  be  found  to  be  elevated  a  little  more  than  usual  above 
the  trigone  and  less  dilatable  than  usual,  exhibiting  a  definite  constriction 
when  an  attempt  is  made  to  insert  the  finger  into  the  urethra.  In  such 
cases  the  vesical  orifice  has  the  appearance  of  a  transverse  slit  or  inverted 
crescent,  the  latter  being  the  later  stage.  As  the  disease  progresses  there 
may  form  either  a  more  prominent  transverse  bar  with  a  deep  pouch 
in  the  trigone  behind  it,  or  a  more  rounded  median  lobe,  which  at  first 
projects  only  slightly  into  the  bladder,  but  may  finally  assume  very 
great  size,  sometimes  as  large  as  an  orange.  Such  an  enlargement  of 
the  median  portion  of  the  prostate  is  due  to  hyperplasia  of  the  glandular 
elements  in  front  of  the  ejaculatory  ducts,  and  in  its  growth  it  pushes 
the  urethra  upward,  forming  a  valve-like  (ball  valve)  obstruction,  and 
finally  enters  the  bladder  cavity.  The  mucous  membrane  of  the  urethra 
lies  in  front  of  it  and  the  vesical  sphincter  behind  it.  This  point  can 
frequently  be  demonstrated  during  perineal  prostatectomy,  in  which  the 
removal  of  the  median  lobe  can  nearly  always  be  accomplished  without 
injury  to  the  vesical  sphincter,  which  can  be  easily  palpated  posterior 
to  the  cavity  left  by  the  removal  of  the  median  lobe.  The  fact  that  the 
sphincter  is  posterior  to  these  globular  median  enlargements  confirms 
me  in  the  belief  that  enlargements  of  this  character  arise  from  hyperplasia 
of  the  prespermatic  suburethral  group  of  glands  and  not  the  subcervical 
group  of  glands  (as  held  by  Albarran),  which  are  immediately  beneath  the 
mucous  membrane  of  the  trigone  adjacent  to  the  vesical  orifice  and 
above  the  vesical  sphincter.  I  feel  certain  that  if  these  median  lobe 
enlargements  arose  from  the  subcervical  group  the  vesical  sphincter 
would  be  found  in  front  of  them,  and  it  would  not  be  possible  to  remove 
them  through  the  perineum  without  destroying  the  sphincter. 

Observation  of  autopsy  specimens  has  seemed  to  me  to  show  that 
these  enlargements  come  first  from  the  intraurethral  part  of  this 
portion    of    the    prostate    and    below    and    anterior    to    the    vesical 


414  SURGERY   OF   THE   PROSTATE. 

sphincter.  In  the  earUer  forms  of  such  triple  enlargement  (of  lateral 
and  median  portions)  the  median  lobe  alone  is  seen  at  the  vesical  orifice, 
and,  as  remarked  above,  the  urethra  is  in  the  shape  of  a  transverse  sUt 
with  a  bar  beneath  it,  or  an  inverted  crescent  with  a  rounded  lobe  in 
the  median  portion.  Later  on,  when  the  lateral  enlargements  project 
into  the  bladder,  the  three  lobes  are  squeezed  together  by  the  vesical 
sphincter  which  surrounds  them,  so  that  sulci  of  varying  depths  are 
produced  where  these  separate  lobes  come  in  contact  with  each  other. 
Thus  three  sulci  are  usually  produced,  one  anteriorly  between  the  two 
lateral  lobes  and  one  on  each  side,  where  lateral  and  median  lobes  meet. 
In  some  instances  the  intravesically  enlarged  lateral  lobes  form  a  continu- 
ous mass  with  the  median  lobe  on  one  or  both  sides,  and  in  such  cases 
there  will  be  Uttle  or  no  sulcus  between  one  or  both  of  the  lateral  lobes 
and  the  median  bar.  The  presence  or  absence  of  sulci  in  these  diagnostic 
positions  is  of  great  importance,  as  will  be  shown  when  the  cystoscopic 
study  of  the  intravesical  portion  of  the  prostate  is  taken  up. 

Enlargements  of  the  median  portion  of  the  prostate  alone  occur, 
but  much  more  rarely  than  the  form  of  enlargement  above  described. 
In  such  cases  the  changes  are  similar  to  those  described  above  for  the 
median  portion  of  the  prostate,  and  consist  in  the  formation  of  either 
a  bar  or  a  lobe.  In  the  case  of  a  bar  it  may  occasionally  assume  the 
shape  of  a  thin  septum  rising  well  above  the  level  of  the  trigone  and 
also  of  the  prostatic  urethra,  which  generally  presents  a  sharp  bend  in 
front  of  the  bar.  Such  cases  are  usually  associated  with  a  sclerotic  or 
strictured  condition  of  the  vesical  sphincter,  sometimes  requiring  great 
force  before  the  index-finger  can  be  introduced.  The  globular  forms 
may  be  sessile,  attached  to  the  prostate  by  a  broad  base,  or  they  may 
be  more  or  less  pedunculated,  the  pedicle  in  some  cases  being  long  and 
narrow  and  allowing  the  lobe  to  drop  backward  upon  the  vesical  trigone. 
In  rare  instances  the  median  lobe  may  be  of  such  huge  size  as  to  more 
or  less  completely  fill  the  vesical  ca,vity. 

Enlargements  of  the  anterior  commissure  of  the  prostate  are  rare, 
but  do  occur.  They  are  usually  present  in  the  shape  of  small  globular 
outgrowths  which  project  into  the  bladder  in  front  of  the  urethral 
orifice.  Most  often  they  are  continuous  with  one  of  the  lateral  lobes 
of  the  prostata,  and  in  such  cases  it  seems  probable  that  they  are  in 
reality  lateral  enlargements  which  have  assumed  an  irregular  outgrowth 
in  the  bladder.  I  have  seen  a  specimen  in  the  Museum  of  the  Royal 
College  of  Surgeons,  in  which  there  is  an  enormous  enlargement  of  the 
prostate,  consisting  entirely  of  a  hypertrophy  of  the  tissue  of  the  anterior 
commissure  of  the  prostate.  In  this  case  the  urethra  formed  a  flattened 
canal  on  the  inferior  surface  of  a  large  oval,  anterior,  intravesically 
projecting  mass,  but  there  was  no  enlargement  of  the  lateral  and  median 
portions  of  the  prostate  present.  In  the  three  hundred  and  fifty  cases 
of  hypertrophy  of  the  prostate  in  which  I  have  operated  I  have 
never  seen  a  similar  condition. 

Sjnoiptoms. — During  its  long  evolution  prostatic  hypertrophy  follows 
a  fairly  definite  cycle,  and  it  is  usually  possible  to  discern  very  distinct 
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periods:  (1)  The  period  of  urinary  troubles,  increased  frequency'  and 
difficulty  of  urination.  (2)  A  period  of  chronic  incomplete  retention  of 
urine  without  distention  of  the  bladder  and  generally  with  some  contrac- 
ture of  that  organ.  (3)  A  period  of  incomplete  retention  with  vesical 
distention  and  often  intermittent  complete  retention  of  urine,  requiring 
the  use  of  a  catheter.  (4)  A  period  of  continuous  complete  retention 
of  urine  and  catheter  life. 

According  to  Albarran,  during  the  first  period  the  troubles  are  of  a 
dynamic  and  congestive  order,  but  in  the  other  periods  the  phenomena 
are  mechanical.  Additional  phenomena  may  appear  in  all  of  the  periods, 
— such  as  vesical  infection,  calculi,  tumor,  diverticula, — and  add  addi- 
tional symptoms  to  those  which  are  present  in  the  regular  evolution  of 
the  disease,  but  there  is  also  a  wide  variation  of  the  symptoms  presented 
and  in  their  order  of  appearance. 

In  an  analytic  study  of  one  hundred  and  forty-five  cases  which  I 
published  in  the  "Johns  Hopkins  Hospital  Reports,"  vol  xiv,  frequency 
and  difficulty  of  urination  were  shown  to  be  the  most  frequent  initial 
symptoms,  occurring  in  about  60  per  cent,  of  the  cases.  At  the  beginning 
both  of  these  symptoms  are,  as  a  rule,  very  slight  in  character,  and  the 
onset  is  so  gradual  that  it  is  difficult  for  the  patient  to  say  when  urination 
began  to  be  abnormal.  The  increase  in  frequency  is  generally  recognized 
first  at  night.  In  many  cases  the  frequency  and  difficulty  of  urination 
are  intermittent  in  character. 

Pain  was  noticed  as  an  onset  symptom  in  twenty-five  cases.  In 
twelve  there  was  only  a  slight  burning  in  the  urethra  during  urination 
and  in  three  pain  was  merely  the  discomfort  produced  by  severe  strain- 
ing to  void  urine.  Eight  of  the  twenty-four  cases  complaining  of  pain 
had  calculus  of  the  bladder,  and  in  two  of  these  cases  a  history  of  previous 
renal  colic  was  obtained.  In  one  peculiar  case  the  only  symptom  for 
nineteen  years  had  been  painful  erections  at  night,  and  although  the 
prostate  was  quite  large  there  was  no  urinary  disturbance.  In  seven 
cases  the  first  symptom  was  a  sudden  hemorrhage;  only  one  of  these 
cases  suffered  with  calculus,  and  in  several  instances  the  hemorrhage 
occurred  at  repeated  intervals.  Complete  retention  of  urine  was  the 
first  symptom  in  eight  cases,  most  of  them  requiring  catheterization 
for  a  protracted  period,  but  it  is  interesting  to  note  that  in  four  of  these 
cases  the  complete  retention  came  on  ten  years  or  more  before  admission 
to  the  hospital,  but  none  of  these  cases  became  dependent  upon  the 
catheter. 

Incontinence  of  urine  was  the  first  symptom  in  eight  cases.  In  three 
cases  this  condition  persisted  up  to  the  time  of  operation,  but  was  present 
only  at  night,  and  during  the  day  the  patient  had  no  difficulty  or  even 
frequency  of  urination,  although  the  catheter  showed  a  greatly  over- 
distended  bladder. 

The  course  of  the  disease  is,  however,  as  a  rule  fairly  regular,  beginning 
with  frequency  of  urination  at  night,  slowness  in  starting  the  flow  of  urine, 
and  a  smallness  in  the  stream.  This  condition  generally  persists  for 
some  time  with  very  little  change,  but  ultimately  the  calls  to  arise  at 


416  SURGERY  OF  THE  PROSTATE. 

night  and  the  difficulty  of  urination  by  day  become  gradually  more  and 
more  marked,  and  finally  the  patient  finds  himself  some  day  unable  to 
respond  to  the  call  of  urination.  The  use  of  morphin  or  hot  sitz-baths 
often  causes  sufficient  relaxation  to  allow  natural  urination,  and  the  pa- 
tient may  have  no  further  attack  of  complete  retention  for  quite  a  period. 
Generally,  however,  catheterization  is  required,  and  when  once  done 
usually  has  to  be  repeated  for  several  days,  and  not  infrequently  ever 
afterward  the  patient  has  to  lead  a  catheter  life.  The  first  use  of  the 
catheter  generally  marks  a  change  in  the  symptomatology,  owing  to  the 
fact  that  it  is  usually  not  done  with  proper  aseptic  precautions,  and  in- 
fection of  the  bladder  results,  and  is  followed  by  cystitis  and  the  painful 
symptoms  which  generally  accompany  it.  Vesical  calculus  is  also  much 
more  apt  to  occur  when  the  bladder  has  become  infected  than  when  it  is 
sterile,  and  this  also  leads  to  painful  symptoms  which  greatly  aggravate 
the  disease.  In  rare  instances,  although  the  amount  of  residual  urine 
is  large,  the  patient  suffers  very  little  change  in  the  act  of  micturition, 
and  I  have  seen  cases  in  which  more  than  1000  c.c.  residual  urine  was 
present  in  which  the  patient's  only  complaint  was  abdominal  distention, 
and  the  discovery  of  a  greatly  dilated  bladder  first  called  attention  to 
the  possibility  of  there  being  any  urinary  trouble.  As  a  rule,  the  progress 
of  the  case  is  associated  with  intermittent  attacks  of  complete  retention 
of  urine,  requiring  the  catheter,  the  use  of  which  often  becomes  perma- 
nently fixed  upon  the  patient  and  he  leads  a  "  catheter  life." 

In  these  one  hundred  and  forty-five  cases,  twenty  had  never  been 
catheterized  and  in  forty-five  the  retention  of  urine  had  never  been  com- 
plete. Complete  retention  of  urine  occurred  at  some  time  in  sixty-four 
cases,  and  in  seventy  cases  the  catheter  was  more  or  less  regularly  em- 
ployed at  the  time  of  admission,  on  account  of  incomplete  retention  of 
urine.  In  thirty-five  cases  the  retention  of  urine  was  complete  and  the 
patients  led  catheter  lives.  In  a  few  of  these  cases  (nine)  the  catheter 
was  required  only  two  or  three  times  daily,  but  in  the  others  it  was  required 
more  frequently,  and  in  several  it  had  to  be  used  so  often,  both  night  and 
day,  that  it  became  a  frightful  burden.  Catheter  life,  in  fact,  was  shown 
to  be,  in  most  instances,  a  horrible  affair,  and  associated  with  numerous 
and  frequent  complications.  Strange  to  say,  the  ability  to  follow  a 
comfortable  catheter  life  did  not  come  as  a  result  of  the  use  of  aseptic 
precautions;  frequently  under  the  best  technic  severe  cystitis  was  present, 
while  occasionally  with  the  most  dirty  methods  of  catheterization  the 
patient  suffered  very  little  inconvenience. 

Digestive  disturbances  are  not  rare,  especially  in  cases  of  enlarged 
prostate  associated  with  considerable  residual  urine,  and  are  probably 
due  to  the  back  pressure  upon  the  ureters  and  renal  pelves  leading  to 
inefficient  action  of  the  renal  cortex.  In  some  cases  it  amounts  to  only  a 
lack  of  appetite,  slight  indigestion,  and  constipation.  In  other  cases 
there  may  be  a  feeling  of  slight  nausea,  occasionally  associated  with 
vomiting.  Such  cases  are  very  apt  to  have  a  "urinary  cachexia,''  which 
is  due  not  only  to  the  digestive  disturbances,  but  also  to  the  systemic 
poisoning  and  to  the  inefficient  elimination  by  the  kidneys.     When  there 
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is  a  definite  infection  of  the  kidneys  present,  this  condition  of  uremia 
is  apt  to  be  most  marked,  the  complexion  is  bad,  the  urinous  odor  of  the 
breath  is  marked,  the  nausea  often  considerable,  and  the  presence  of  the 
sUght  febrile  attacks,  sometimes  preceded  by  chills,  is  not  uncommon, 
so  that  they  present  a  definite  septic  cachexia.  In  some  cases  other 
systemic  symptoms  are  present,  such  as  headaches,  impairment  of  vision, 
and  marked  nervous  depression. 

Not  infrequently  the  patient  has  considerable  pain  and  discomfort 
in  the  rectum,  owing  to  the  presence  of  the  enlarged  gland,  which  may 
thus  partly  obliterate  its  cavity  and  make  the  act  of  defecation  distinctly 
difficult,  but  occasionally  there  is  severe  pain  in  the  rectum  and  perineum. 
When  prostatitis  and  inflammator>'  infiltration  around  the  prostate  and 
seminal  vesicles  are  present,  we  often  see  painful  symptoms  referred  to 
other  regions,  particularly  the  back,  hips,  thighs,  and  legs.  In  such 
cases  the  symptom-complex  is  not  unlike  that  seen  in  carcinoma  of  the 
prostate,  and  in  rare  instances  these  referred  pains  far  outweigh  the  urinary 
symptoms.  Hemorrhoids  and  inguinal  hernias  are  very  frequent  results 
of  the  straining  to  void  urine. 

Disturbances  of  the  sexual  apparatus  are  not  uncommon.  Occasion- 
ally the  power  of  erection  is  impaired  or  completely  lost.  Coitus  may  be 
unsatisfactory  owing  to  precocious  or  painful  ejaculation.  This  is  partic- 
ularly true  in  cases  associated  with  calculus.  It  is  a  remarkable  fact, 
however,  that  there  is  much  less  sexual  disturbance  than  occurs  in  chronic 
prostatitis,  and  a  surprisingly  large  number  of  cases  report  that  their 
sexual  powers  are  apparently  normal. 

In  my  series  of  one  hundred  and  forty-five  cases  the  sexual  powers  in 
patients  under  fifty  years  of  age  were  normal  in  all  cases.  Between 
fifty  and  sixty  years  of  age  erections  were  normal  in  78  per  cent,  and  coitus 
normal  in  74  per  cent.  Between  the  age  of  sixty  and  seventy  erections 
were  normal  in  55  per  cent,  and  coitus  normal  in  38  per  cent.  Between 
seventy  and  eighty  years  of  age  erections  were  present  in  32  per  cent, 
and  coitus  normal  in  21  per  cent,  of  the  cases.  In  not  a  few  cases  the 
principal  fear  of  operation  was  that  it  would  destroy  the  sexual  power. 

In  the  early  stages  of  development  there  are  no  symptoms  of  obstruc- 
tion and  often  only  sHght  irritation  to  suggest  that  there  is  any  lesion 
present.  Later  there  is  definite  obstruction,  showing  itself  as  a  shght 
hesitation  at  the  beginning  of  urination  and  a  diminution  in  the  size  and 
force  of  the  stream.  This  is  generally  accompanied  by  a  hypertrophy 
of  the  vesical  muscle,  which  thus  compensates  for  the  obstruction,  and 
enables  the  patient  to  empty  his  bladder;  but  this  muscular  hypertrophy, 
as  a  rule,  leads  to  contracture  of  the  size  of  the  vesical  cavity,  and  as  a 
result  urine  is  voided  more  frequently  than  normal.  The  vesical  capa- 
city in  many  cases  becomes  reduced  one-half  or  even  three-fourths. 
After  a  while  complete  evacuation  of  the  bladder  becomes  impossible; 
residual  urine  is  constantly  present,  generally  in  gradually  increasing 
amount.  In  some  cases  the  bladder  still  remains  contracted  and  the 
working  space — that  is,  the  difference  between  residual  and  vesical 
capacity — ^becomes  very  small  and  urination  is  therefore  ver\'^  frequent. 
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In  other  cases  the  bladder  gradually  dilates  as  the  amount  of  residual 
urine  increases,  and  in  some  instances  reaches  huge  size.  In  one  of 
my  cases  the  bladder  contained  4500  c.c.  of  urine.  I  have  seen  a 
number  of  cases  where  patients  voided  urine  without  marked  diffi- 
culty when  a  residual  urine  of  from  1000  c.c.  to  2000  c.c.  was  present. 
Complete  retention  is  often  due  to  an  acute  congestion,  after  the  disap- 
pearance of  which  there  may  be  no  further  complete  retention  for  a  very 
long  period.  It  is  generally,  however,  intermittent  in  character,  but, 
as  remarked  before,  in  some  cases  the  retention  remains  complete. 

Incontinence  of  urine,  which  is  occasionally  present,  is  generally 
associated  with  a  large  residual  urine.  It  is  in  reality  an  overflow,  and 
apparently  due  to  incomplete  closure  of  the  lumen  between  the  enlarged 
lobes.  In  some  instances  there  wiU  be  a  large  chink  left  between  two 
irregular  outgrowths,  and  through  this  the  urine  escapes.  It  is  very  rare 
indeed  to  find  incontinence  of  urine  with  an  empty  bladder,  and  in  most 
cases  it  is  present  only  at  night,  probably  owing  to  a  dropping  back  of  a 
pedunculated  median  lobe. 

Formation  of  pouches,  cellules,  and  diverticula  begins  early  in  the 
disease;  they  are  the  result  of  the  intravesical  tension.  Efforts  of  the 
bladder  to  force  urine  through  the  obstructed  urethra  produce  hernias 
of  the  mucous  membrane  between  the  hypertrophied  muscle  bundles  of 
the  vesical  wall.  The  pouches  appear  most  commonly  behind  and  on 
each  side  of  the  trigone.  Cellules  are  found  scattered  all  over  the  posterior 
and  lateral  walls  of  the  bladder,  and  in  some  cases  are  very  numerous. 
Diverticula  occur  most  commonly  in  three  locations — just  external  to 
the  ureteral  orifices  and  at  the  vertex  of  the  bladder,  in  the  region  of 
the  urachus.  While  the  cellules  are  usually  small  and  lie  entirely  within 
the  muscular  wall  of  the  bladder,  diverticula  project  beyond  the  external 
surface  and  frequently  reach  great  size.  The  explanation  for  their 
presence  near  the  urachus  and  the  ureters  is  that  the  bladder  is  weakest 
at  these  points,  owing  to  the  separation  of  the  muscle  bundles  to  allow 
the  passage  of  the  ureters  and  urachus  into  the  bladder  cavity.  I  have 
elsewhere  reported  a  series  of  cases  of  vesical  diverticula  which  proved 
a  very  remarkable  complication  to  prostatic  enlargement,  and  in  some 
instances  required  operative  treatment. 

It  is  probable  that  quite  soon  after  the  development  of  marked  ob- 
struction to  urination  the  intravesical  pressure  makes  itself  felt  upon  the 
ureters  and  renal  pelves.  A  very  marked  dilatation  of  these  structures 
is  often  seen  when  the  prostatic  enlargement  is  not  very  great.  The 
advent  of  bacterial  infection  of  the  bladder  is  of  serious  moment  on  account 
of  the  frequency  with  which  an  ascending  infection  results.  The  presence 
of  diverticula  is  also  important,  owing  to  the  fact  that  they  often, press 
upon  the  lower  portions  of  the  ureter  and  produce  flexures  which  lead  to 
marked  obstruction  and  ureteral  dilatation. 

Physical  Examination. — The  usual  examination  of  the  patient 
should,  of  course,  be  made,  and  the  condition  of  the  arteries,  heart,  lungs, 
and  abdomen  described.  Particular  attention  should  be  paid  to  the  kid- 
neys to  determine  whether  any  enlargement  or  tenderness  of  these  organs 
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is  present.  The  hypogastric  region  should  also  be  carefully  examined 
for  a  distended  bladder  and  the  groins  and  genitalia  carefully  noted. 

Rectal  Examination. — After  the  patient  has  voided  as  much  urine  as 
possible  the  index-finger  of  the  right  hand,  covered  with  a  thin  rubber 
cot,  should  be  lubricated  and  inserted  into  the  rectum  and  a  careful 
study  of  the  size,  shape,  consistence,  and  sensitiveness  of  the  prostate, 
the  seminal  vesicles,  the  intervesicular  space,  the  membranous  urethra, 
the  tissues  around  the  prostate  and  vesicles,  the  rectum,  and  the  pelvic 
lymph-glands  made. 

The  rectal  findings  are  so  variable  that  it  is  difficult  to  describe  the 
various  conditions  which  may  be  found  present.  In  the  ordinary  adeno- 
matous hypertrophy  the  prostate  is  more  or  less  considerably  enlarged, 
bulges  toward  the  rectum,  sometimes  considerably  diminishing  its  cavity. 
The  surface  is  generally  smooth,  the  lateral  lobes  often  equally  enlarged, 
the  consistence  elastic  and  often  soft.  There  is  very  little  tenderness 
and  no  evidence  of  periprostatic  infiltration  nor  induration  of  the  seminal 
vesicles  nor  the  intervesicular  space,  and  no  enlargement  of  the  pelvic 
lymph-glands.  As  a  rule,  the  median  furrow  and  notch  can  still  be  recog- 
nized, but  in  some  instances  both  are  obliterated.  The  finger  can  gener- 
ally reach  the  upper  end  of  the  prostate  except  in  very  great  hypertro- 
phies, and  in  most  cases  the  posterior  surface  of  the  bladder  and  the 
seminal  vesicles  can  be  satisfactorily  palpated.  In  cases  where  there  is 
a  very  large  amount  of  residual  urine  present  the  bladder  is  often  con- 
siderably depressed,  so  that  it  is  much  closer  to  the  anus,  presses  much 
farther  toward  the  rectal  cavity,  and  gives  one  the  impression  of  a  much 
larger  prostate  than  is  really  present.  In  a  few  instances  the  surface  is 
irregular,  presenting  a  lobule  which  projects  either  from  the  posterior  sur- 
face or  upward  from  the  base  of  the  prostate.  In  such  cases  subsequent 
examination  has  shown  that  a  spheroidal  growth  has  broken  through 
the  capsule  and  penetrated  the  periprostatic  tissues.  In  only  about  10 
per  cent,  of  the  cases  have  I  found  the  posterior  surface  irregular  and 
never  in  very  marked  degree.  It  has  usually  been  impossible  to  deter- 
mine by  rectal  examination  the  size  or  character  of  the  median  lobe, 
the  cystoscope  being  necessary  in  order  to  determine  how  much  this 
portion  of  the  prostate  is  enlarged. 

In  my  series  of  one  hundred  and  forty-five  cases  the  prostate  was 
described  as  distinctly  soft  in  fifty-six;  elastic  in  twenty-six;  firm  in 
forty-five;  moderately  hard  in  fourteen;  ver\'  hard  in  no  cases.  The 
seminal  vesicles  were  slightly  indurated  in  nineteen  cases;  moderately 
indurated  in  five  cases.  The  inter\'esicular  space  was  slightly  indurated 
in  two  cases;  moderately  indurated  in  two  and  the  whole  base  of  the 
bladder  was  hard  in  one  case.  Glands  were  palpable  in  the  pelvis  in  five 
cases.  The  size  of  the  prostate  in  those  cases  in  which  it  was  soft  was 
generally  considerable.  In  the  forty-five  cases  in  which  the  prostate  was 
described  as  firm  there  were  no  areas  of  marked  induration  present, 
but  the  prostate  was  elastic  and  uniform  in  consistence.  In  the  fourteen 
cases  classed  as  moderately  hard  the  consistence  was  quite  firm,  but  not 
of  stony  hardness.     In  these  cases  the  consistence  was  not  uniform,  there 
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being  places  of  greater  induration  than  others.  The  induration  was  gener- 
ally most  marked  at  the  upper  end,  along  the  region  of  the  ejaculatory 
ducts  and  adjacent  to  the  bases  of  the  seminal  vesicles.  The  complete 
absence  of  cases  of  stony  hardness  is  interesting  as  showing  an  important 
differentiation  between  carcinomatous  and  benign  enlargements.  Sub- 
sequent examination  has  shown  that  in  those  cases  in  which  the  prostata 
is  very  little  enlarged,  distinctly  indurated,  and  a  little  irregular,  inflam- 
matory changes  are  generally  present,  and  in  some  cases  the  lesion  is 
obstructive  hypertrophic  prostatitis  and  not  a  definite  hypertrophy. 
The  symptoms,  however,  are  often  as  severe  or  even  worse  than  those 
accompanying  adenomatous  hypertrophy  of  the  prostate,  and  in  many 
instances  much  more  painful.  In  such  cases  the  rectal  examination 
will  often  show  very  little  evidence  of  enlargement,  and  without  cysto- 
scopic  examination  a  positive  diagnosis  cannot  be  made. 

Instrumental  Examination, — Catheter, — After  the  patient  has  voided  his 
urine  as  completely  as  possible  a  catheter  should  be  passed  under  proper 
precautions.  As  a  rule,  it  is  well  to  be  ready  to  carry  out  a  cystoscopic 
examination  immediately  afterward,  and  the  patient  should  be  placed 
on  a  table  suitable  for  this  work.  The  genitalia  should  be  thoroughly 
cleaned  with  soap,  water,  bichlorid  of  mercury  1  to  1000  solution,  and 
everything  but  the  glans  penis'  covered  with  an  antiseptic  towel.  After 
the  urethra  has  been  irrigated  with  sterile  water  it  is  well  to  inject  about 
15  c.c.  of  a  4  per  cent,  solution  of  cocain  in  order  to  deaden  the  sensibility 
of  the  urethra.  After  this  has  been  injected  and  the  meatus  compressed, 
pressure  upon  the  urethra  will  generally  force  the  fluid  back  into  the 
prostatic  urethra  and  bladder,  thus  cocainizing  the  entire  tract.  After 
two  or  three  minutes  a  coud6  gum  catheter,  about  No.  16  F.  in  size, 
should  be  introduced.  The  sharp  bend  of  these  prostatic  catheters 
generally  makes  it  easy  to  pass  them  over  an  enlarged  median  lobe. 
In  cases  where  fake  passages  have  been  produced  or  marked  irregularities 
are  present,  it  may  be  necessary  to  try  other  catheters;  first,  gum  cathe- 
ters of  other  sizes;  then  N^laton  rubber  catheters,  or  finally  a  silver 
catheter  with  or  without  the  prostatic  curve.  Great  care  should  be  taken 
to  use  as  little  force  as  jwssible,  in  order  to  prevent  hemorrhage. 

When  the  catheter  enters  the  bladder  the  amount  of  residual  urine 
present  should  be  carefully  noted,  and  then  the  bladder  capacity  deter- 
mined by  filling  the  bladder  as  full  as  possible  with  sterile  water.  Re- 
peated washings  may  now  be  necessarj'  in  order  to  cleanse  the  bladder,  but 
as  soon  as  the  fluid  comes  away  clear  the  cystoscope,  which  has  been 
sterilized  in  pure  carbolic  acid,  sterile  water,  and  1  to  20  carbolic  acid 
solution,  is  then  introduced.  In  many  instances  the  Nitze  cystoscope 
has  proved  to  be  the  instrument  most  easily  introduced,  and  only  on 
rare  occasions  has  it  been  impossible  to  pass  it.  After  its  introduc- 
tion into  the  bladder  attention  should  first  be  directed  to  finding  the 
ureters.  By  watching  the  outflow  of  the  urine  from  their  orifices  a  very 
good  idea  can  generally  be  obtained  as  to  the  comparative  amount,  value, 
and  character  of  the  urine  ejected  from  them.  In  cases  of  unilateral 
pyonephrosis  the  purulent  urine  from  the  infected  side  can  easily  be 
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detected.  In  some  instances  it  is  impossible  to  find  the  ureters,  owing 
to  the  fact  that  they  lie  concealed  behind  a  large  median  lobe.  The  study 
of  the  bladder  should  comprise  the  condition  of  the  mucosa,  amount  of 
trabeculation  present,  pouch  formation,  intramuscular  cellules,  and 
perivesical  diverticula.  A  careful  search  for  vesical  calculi  should  be 
made  and  neoplasms  should  be  excluded.  After  the  condition  of  the 
ureters,  kidneys,  and  bladder  has  been  determined,  attention  should  be 
directed  to  the  prostate.  The  cystoscopy  of  the  prostate  is  recognized 
to  be  very  difficult.  This  is  due  to  the  fact  that  in  the  ordinary  Nitze 
cystoscope  the  direction  of  the  view  is  at  right  angles  to  the  shaft  of  the 
instrument,  and  in  order  to  study  the  prostatic  orifice  it  is  necessary  to 
withdraw  the  instrument  until  the  prism  is  partly  within  the  prostatic 
urethra,  as  shown  in  Fig.  217.  In  this  position  it  is  possible  to  view  only 
about  one-sixth  of  the  prostate  margin  at  one  time,  and  therefore  in  order 
to  see  the  condition  on  all  sides  it  is  necessary  to  take  at  least  six  con- 
secutive views.  The 
study  is  further 
complicated  by  the 
fact  that  owing  to 
the  close  proximity 
of  the  prostatic 
margin  to  the 
cystoscopic  prism 
the  structures  are 
greatly  magnified, 
are  turned  upside 
down,  and  some- 
what distorted  by 
the  spherical  aber- 
ration present. 

In   a    study   of 

many  cases  I  have  found  it  advisable  to  make  use  of  a  special  chart 
in  which  eight  circles  are  provided  for  the  views  obtained  around  the 
prostatic  orifice.  The  views  obtained  in  a  normal  prostatic  orifice  are 
shown  in  Fig.  218.  As  remarked  above,  these  are  considerably  magnified, 
and  inverted,  so  that  in  order  to  get  a  correct  idea  of  the  orifice  each 
figure  will  have  to  be  inverted. 

The  shape  of  the  prostatic  orifice  depends  upon  the  pressure  which  is 
brought  to  bear  upon  it  by  single  or  multiple  enlargements  of  the  various 
portions  of  the  prostate.  These  are  generally  outgrowths  of  one  or 
both  of  the  lateral  lobes  or  of  the  median  lobe.  Only  rarely  does  one 
find  enlargement  of  the  anterior  commissure  of  the  prostate.  The  changes 
which  occur  may  be  shown  diagrammatically,  as  in  Fig.  219:  a  represents 
the  normal  prostatic  orifice;  b,  the  orifice  compressed  between  two  en- 
larged lateral  lobes;  c,  a  median  lobe  pushing  the  urethra  upward;  d,  a 
single  anterior  lobe  (rare) ;  e,  hypertrophy  of  the  median  and  both  lateral 
lobes;  /,  hypertrophy  of  an  anterior  and  both  lateral  lobes;  g,  enlarge- 
ment of  four  portions  of  the  prostate,  anterior  lobe,  two  lateral  lobes, 
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and  a  median  lobe;  h,  the  median  and  right  lateral  lobes  confluent,  that 
is,  forming  a  single  large  mass  (two  sulci  being  present,  one  between 
the  two  lateral  lobes  and  one  between  the  left  lateral  and  median  lobe) ; 


Fig.  218. — Views  of  the  Norual  Prostatic  Orifick. 

I,  the  opposite,  the  median  lobe  being  confluent  with  the  left  lateral; 
J,  the  median  enlargement  in  the  shape  of  a  bar  which  is  confluent  without 
intervening  sulci  with  an  enlarged  lateral  lobe  on  each  side;  fc,  an  enlarge- 
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Fio.  219. — Changes  in  Prostatic  Orikicks. 

ment  all  around  the  orifice  leading  to  circular  contraction  without  inter- 
vening sulci. 

Our  limited  space  prevents  a  full  study  of  the  multiple  pictures  pre- 
sented in  the  cystoscopic  study  of  cases  of  prostatic  hypertrophy.     By 
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use  of  the  cystoscopic  chart,  above  described,  and  bearing  in  mind  the 
changes  in  the  orifice  shown  in  Fig.  219  it  is  possible  to  form  an  accurate 
idea  of  the  character  and  disposition  of  the  intravesical  enlargements 
present.  A  few  examples  may  suffice  to  show  some  of  the  pictures  pre- 
sented. Fig.  220  shows  enlargement  of  both  lobes.  Fig.  221  shows  a 
small  median  lobe.  Fig.  222  shows  median  and  lateral  enlargements. 
Fig.  223  shows  a  median  bar  confluent  with  both  lateral  lobes.  In  cases 
of  median  lobe  enlargement  of  small  degree  the  cj'stoscope  will  usually 
remain  on  the  summit  of  the  median  lobe  and  the  sulci  on  each  side  are 
distinctly  shown.  If  the  median  lobe  is  moderately  large,  and  with  a 
deep  sulcus  on  each  side,  the  cystoscope  will  usually  slip  to  one  side  or 


Fig.  220. — Hypertrophy  of  the  Two  Lateral 
Lobes. 


Fio.  221. — Small  Median  Lobe. 


Fio.  222. — Median   and  Bilateral  Lobes. 
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the  other  of  the  median  lobe  into  one  of  these  sulci,  and  very  puzzling 
pictures  will  be  obtained  unless  care  be  taken. 

By  the  use  of  this  cystoscopic  chart,  however,  one  is  able  to  get  a  very 
accurate  idea  of  the  size  and  configuration  of  the  intravesical  prostatic 
enlargements,  and  information  of  very  great  value,  especially  when 
operation  is  to  be  performed,  is  obtained.  The  cystoscope  is  also  of 
great  value  in  determining  the  presence  or  absence  of  calculi,  diverticula, 
or  tumors,  and  the  condition  of  the  kidneys,  and  should  always  be  made 
use  of,  for  without  it  the  operator  is  working  in  the  dark.  Before  remov- 
ing the  cystoscope  from  the  bladder  it  is  advisable  to  insert  a  gloved 
finger  into  the  rectum  and  carefully  examine  the  tissues  between  it  and 
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the  cystoscope.  It  is  usually  very  easy  to  palpate  the  beak  turned 
backward,  and  thus  make  out  the  condition  of  the  trigone  and  the 
tissues  beneath  it.  Passing  the  finger  downward,  the  thickness  of  the 
suburethral  tissues  can  be  determined.  A  large  median  bar  is  usually 
very  evident,  but  in  case  of  a  pedunculated  median  lobe  the  cystoscope 
usually  slips  into  the  sulcus  to  one  side  of  the  lobe,  and  the  true  size  of  the 
median  hypertrophy  is  therefore  not  to  be  made  out  with  the  finger  in 
the  rectum.  By  turning  the  beak  toward  the  position  of  the  lu^teral 
orifice  it  is  usually  possible  to  determine  whether  there  is  any  induration 
present  in  this  region,  and  sometimes  intramural  calculi  can  be  felt. 

The  cystoscopic  study  of  one  hundred  and  twenty-five  cases  showed 
as  follows:  Median  lobe:  Slight  bar,  thirty-nine;  slight  round  lobe, 
thirty-seven;  moderately  enlarged,  twenty-seven;  considerably  enlarged, 
fourteen;  greatly  enlarged,  two;  hugely  enlarged,  one.  Right  lateral 
lobe:  .Not  intravesically  enlarged,  eleven;  slightly  enlarged,  fifty-five; 
moderately  enlarged,  twenty-eight;  considerably  enlarged,  seventeen; 
greatly  enlarged,  two;  huge,  one.  Left  lateral  lobe:  No  enlargement, 
thirteen;  slight, fifty-two;  moderate, twenty-five;  considerable,  nineteen; 
great,  two;  huge,  one.  Anterior  lobe:  Present  in  five  cases,  always  of 
slight  degree.  Contracture  all  around  the  orifice,  one  case.  Intraure- 
thrally  projecting  lobes,  four  cases.  Vesical  calculi  present,  twenty-five 
cases.  Vesical  diverticula  present  in  seventeen  cases.  Pouches  and 
cellules,  numerous  cases. 

Urinalysis. — In  the  earlier  cases  no  abnormality  of  the  urine  will 
usually  be  detected,  but  later  on  it  is  often  of  low  specific  gravity,  low 
urea  content,  and  a  definite  polyuria  is  present,  generally  most  marked 
at  night.  The  urine  is  usually  cloudy  with  pus  and  bacteria,  only  eighteen 
of  my  one  hundred  and  forty-five  cases  showing  clear  urine.  The  reaction 
was  acid  in  one  hundred  and  eleven  of  these  cases;  alkaline  in  fourteen, 
and  neutral  in  five.  Albumin  is  usually  present,  but  generally  due  to  pus 
or  blood,  though  sometimes  it  is  of  such  extent  after  filtering  to  indicate 
the  presence  of  nephritis.  In  ten  of  my  cases  granular  casts  were  present, 
but,  as  a  rule,  it  is  almost  impossible  to  detect  the  presence  of  nephritis 
owing  to  the  pus  or  blood. 

The  general  condition  of  the  patient  is  usually  far  from  good.  This 
is  due  to  the  fact  that  the  patient  is  an  old  man.  In  my  series  of  one 
hundred  and  forty-five  cases,  31  per  cent,  were  over  seventy  years  of 
age;  sixteen  cases  were  between  seventy-five  and  seventy-nine  years 
of  age;  four  between  eighty  and  eighty-four  years  of  age,  and  one  ei^ty- 
seven  years  of  age.  Eighteen  cases  were  in  a  very  weak  condition  and 
one  had  developed  the  morphin  habit.  In  seven  cases  there  was  a  marked 
emphysema  of  the  lungs;  arteriosclerosis  was  very  common,  in  six  cases 
marked,  in  one  case  associated  with  angina  pectoris,  and  in  another  hemi- 
plegia. In  twenty-two  cases  heart  murmurs  and  other  evidences  of  endo- 
carditis were  present,  and  in  eight  cases  the  heart  was  enlarged.  Pyelitis 
was  present  in  six  cases  and  nephrolithiasis  in  two.  Five  patients  were 
sufiFering  from  uremia,  in  two  cases  of  very  severe  type. 

Diagnosis. — The  diagnosis  of  prostatic  hypertrophy  is  generally  so 
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simple  that  it  seems  almost  superfluous  to  say  anything  in  regard  to  it. 
The  presence  of  frequency  and  difficulty  of  urination  coming  on  after 
fifty  years  of  age,  and  getting  progressively  worse,  often  leading  to  the 
use  of  a  catheter,  the  discovery  of  a  much  enlarged  gland  on  rectal 
examination,  residual  urine  with  the  catheter,  and  intravesically  hyper- 
trophied  lobes  with  the  cystoscope,  makes  the  diagnosis  at  once  evident. 
Many  cases,  however,  are  not  typical,  and  in  some  the  diagnosis  is  very 
difficult.  In  cases  where  although  the  symptoms  are  typical  rectal 
and  cystoscopic  examinations  fail  to  show  any  enlargement  the  diagnosis 
generally  lies  between  chronic  prostatitis,  spinal  cord  disease,  and 
prostatic  hypertrophy  of  the  periurethral  type.  In  prostatitis  there  is 
usually  little  or  no  residual  urine,  -and  the  frequency  of  urination  is 
generally  due  to  irritability  rather  than  obstruction.  The  urinary  symp- 
toms are  usually  intermittent  in  character,  there  being  fairly  long  periods 
of  comfort  between  occasional  severe  attacks  of  irritation,  frequency  of 
urination  and  pain.  In  some  cases,  however,  chronic  inflammation 
leads  to  the  production  of  a  definite  bar  in  the  median  portion  of  the 
prostate,  and  the  obstruction  may  assume  such  marked  degree  that  not 
only  large  residual  urine,  but  even  complete  retention  requiring  a  catheter 
life  may  ensue.  I  have  seen  this  in  five  cases,  all  the  patients  being 
fairly  young  men.  Not  infrequently  the  two  diseases  occur  together; 
this  is  especially  true  in  cases  where  the  prostate  has  become  infected  by 
the  use  of  a  catheter  and  chronic  inflanmiatory  changes  are  engrafted 
upon  a  previously  hypertrophied  prostate.  In  such  cases  the  symptom- 
atology may  be  that  of  the  two  diseases.  The  use  of  the  cystoscope  is  of 
particular  value  in  cases  in  which  the  rectal  examination  shows  very 
little  enlargement,  for  in  many  such  cases,  in  which  it  would  be  impossible 
to  make  a  diagnosis  of  prostatic  hypertrophy,  the  cystoscope  shows  a 
definite  median  lobe  at  the  vesical  orifice. 

Spinal  Disease, — Various  lesions  of  the  spinal  cord  may  produce 
symptoms  closely  simulating  those  of  prostatic  obstruction,  and  recently 
I  have  had  several  patients  sent  to  me  for  operation  in  whom  the  spinal 
cord  was  responsible  for  the  condition  present.  In  certain  cases  of 
locomotor  ataxia  there  is  a  gradually  increasing  residual  urine  associated 
with  difficulty  and  frequency  of  micturition,  and  finally  complete  re- 
tention, requiring  the  use  of  a  catheter.  As  a  rule,  however,  incontinence 
is  one  of  the  early  symptoms  and  generally  associated  with  more  or 
less  incomplete  evacuation  of  the  bladder.  Other  symptoms,  such  as 
an  ataxic  gait,  shooting  pains,  loss  of  sexual  power,  and  the  other  char- 
acteristic symptoms  of  tabes,  are  usually  present,  but  in  some  cases 
the  urinary  symptoms  are  the  first  to  appear,  and  in  such  cases  diagnosis 
may  be  extremely  difficult.  This  is  especially  true  when  the  prostate 
is  definitely  hypertrophied.  As  a  rule,  however,  the  rectal  examina- 
tion \iiU  show  a  very  flabby  condition  of  the  muscles  of  the  perineum, 
a  weak  anal  sphincter,  a  redundant  rectum,  a  soft  unenlarged,  movable 
prostate.  Residual  urine  is  generally  present,  sometimes  in  large  amount, 
and  the  cystoscope  shows  generally  more  or  less  marked  trabeculation 
of  the  vesical  muscle,  with  intervening  depressions,  cellules,  and  occasion- 
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ally  diverticula.  Study  of  the  prostatic  orifice,  however,  generally 
reveals  in  cases  of  tabes  no  enlargement  of  either  the  median  or  lateral 
portions  of  the  prostate,  and  in  some  cases  a  dilated  internal  sphincter, 
so  that  it  is  possible  to  examine  with  the  cystoscope  the  prostatic  urethra. 
The  presence  of  extensive  vesical  trabeculation  and  pouch  formation, 
which  are  certainly  signs  of  obstruction  to  urination,  is  probably  due  to 
a  spastic  condition  of  the  external  sphincter,  which  fails  to  respond  to 
the  calls  to  urinate  and  remains  closed  while  the  vesical  muscle  attempts 
to  evacuate  the  bladder.  In  cases  of  lateral  sclerosis  of  the  cord 
diagnosis  is  often  still  more  difficult,  and  we  have  not  the  space  to  discuss 
the  urinary  symptoms  produced  by  the  various  spinal  cord  lesions. 
Suffice  it  to  say  that  early  loss  of  sexual  powers  and  incontinence  of 
urine  should  make  one  strongly  suspect  spinal  disease,  and  the  presence 
of  patellar  reflexes  is  not  sufficient  to  exclude  it.  It  is  ver}'  important 
that  a  very  careful  neurologic  examination  be  carried  out  in  most  cases. 
The  only  two  cases  in  which  incontinence  persists  among  my  cases  of 
perineal  prostatectomy  are  two  which  now  show  definite  evidence  of 
spinal  sclerosis.  In  some  cases  the  nervous  symptoms  far  outweigh  the 
urinary,  and  symptoms  of  urethral,  perineal,  and  rectal  irritation  cause 
much  more  discomfort  than  the  obstruction  to  urination.  Such  cases 
are  nearly  always  associated  with  chronic  prostatitis,  and  not  infrequently 
the  more  remote  reflex  pains  which  are  so  common  in  that  disease  are 
present,  viz.,  lumbago,  sciatica,  vague  pains  in  the  hips,  groins,  scrotum, 
and  even  more  remote  regions  of  the  body. 

Cancer  of  the  Prostate. — ^The  differential  diagnosis  between  benign  and 
malignant  prostatic  disease  is  usually  very  easy  in  later  cases  in  which 
the  seminal  vesicles,  glands,  perirectal  and  other  pelvic  structures 
are  extensively  involved.  In  the  early  cases,  however,  diagnosis  is  often 
extremely  difficult,  and  as  the  possibility  of  a  radical  cure  in  cases  of 
carcinoma  can  only  be  undertaken  when  the  disease  is  recognized  early, 
the  extreme  importance  of  a  correct  diagnosis  is  evident.  Marked 
induration  should  always  make  one  think  of  the  possibility  of  cancer, 
and  if  this  is  of  stony  hardness,  a  positive  diagnosis  can  gradually  be 
made.  A  careful  study  of  eighty-seven  cases  of  carcinoma  of  the  prostate 
showed  that  the  disease  remained,  as  a  rule,  for  a  long  time  within  the 
confines  of  the  lobes;  the  urethra,  the  bladder,  and  especially  the  posterior 
capsule  of  the  prostate  resting  inviolate  for  a  considerable  period.  Extra- 
prostatic  invasion  nearly  always  occurs  first  along  the  ejaculatory  ducts, 
in  the  space  immediately  above  the  prostate  between  the  seminal  vesicles 
and  the  bladder  and  beneath  the  fascia  of  Denonvilliers.  Thence  it 
may  invade  the  trigone,  through  which  it  sometimes  appears  as  an 
intravesical  tumor.  In  most  cases  the  induration  is  uniform,  involv- 
ing both  lobes  of  the  prostate  and  the  inter\'emng  posterior  com- 
missure. The  posterior  surface  of  the  prostate  is  usually  smooth,  but 
later  may  become  irregular  and  nodular.  In  rare  instances  a  portion  of 
the  prostate  is  soft,  but  here  again  the  ver\'  marked  induration  present 
in  the  affected  portion  should  at  once  suggest  malignancy.  On 
attempting  to  pass  a  catheter,  obstruction  is  generally  encountered  near 
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the  apex  of  the  prostate.  This  is  due  to  a  circular  constriction  of  the 
entire  prostatic  urethra,  the  lumen  of  which  is  thus  considerably  narrowed. 
This  is  in  marked  contradistinction  to  the  condition  present  in  benign 
hypertrophy,  in  which  the  circumference  of  the  urethra  is  generally 
increased,  although  it  may  be  distorted  and  flattened  by  the  pressure 
of  hypertrophied  lobes.  A  coud6  giun  catheter  is  generally  the  best 
instrument  to  use  in  cases  of  prostatic  hypertrophy,  but  in  cancer  it  is 
often  impossible  to  pass  such  a  catheter,  and  a  small  N61aton  rubber 
catheter  is  much  the  better  instrument.  In  doubtful  cases  the  cystoscope 
is  of  very  great  help  because  it  usually  shows  no  intravesical  enlargement 
of  the  prostate  in  cancer,  or  at  most  only  a  sUght  elevation  of  the  median 
portion  of  the  prostate.  As  stated  above,  the  bladder  is  usually  found 
free  from  the  disease  until  late,  and  then  invasion  is  generally  evident 
as  an  elevation  of  the  trigone  or  an  intravesical  tumor,  most  often  in 
the  region  of  one  or  both  ureteral  orifices.  In  a  small  proportion  of 
cases  intravesically  enlarged  lateral  lobes  are  present.  Of  considerable 
diagnostic  value  also  is  the  examination  of  the  tissues  between  the 
cystoscope  and  a  finger  in  the  rectum.  In  carcinoma  the  entire  length 
of  the  posterior  commissure  is  usually  markedly  thickened  and  indurated, 
while  in  hypertrophy  the  thickening  is  generally  only  in  the  region  of 
the  middle  lobe.  When  the  carcinoma  has  invaded  the  tissues  immediately 
beneath  the  trigone,  it  is  impossible  to  feel  the  beak  of  the  instrument 
in  the  bladder,  while  in  hypertrophy  the  subtrigonal  tissues  are  usually 
soft  and  the  beak  easily  felt. 

In  cases  where  a  positive  diagnosis  cannot  be  made  operation  should 
be  advised,  with  the  idea  of  early  diagnosis  and  proper  treatment. 
After  exposing  the  posterior  surface  of  jthe  prostate,  palpation  will 
generally  show  whether  the  condition  is  malignant  or  not,  but  sometimes 
it  is  advisable  to  incise  the  lobes  and  .examine  a  section  of  tissue  either 
by  naked  eye  or  by  stained  frozen  sections.  If  the  disease  is  shown  to 
be  malignant  and  it  has  not  progressed  far  above  the  prostate,  the  radical 
operation  described  elsewhere  may  be  undertaken;  if  benign,  a  con- 
servative perineal  enucleation  can  be  carried  out. 

Cases  of  benign  hypertrophy  associated  with  marked  chronic  pros- 
tatitis, and  especially  with  concretions  and  small  calculi,  are  sometimes 
difficult  to  differentiate  from  cancer,  and  in  such  cases  the  methods 
described  above  should  be  undertaken.  The  fact  that  about  20  per  cent. 
of  the  cases  of  prostatic  obstruction  in  elderly  men  are  due  to  malignant 
disease  shows  the  great  importance  of  early  diagnosis,  which  is  now 
seldom  made.  The  presence  of  vague  pains  in  the  pelvis  or  lower  extrem- 
ities should  always  lead  to  an  examination  of  the  prostate,  and  if  this 
were  always  done,  many  early  cases  of  carcinoma  would  be  recognized. 
Sarcoma  of  the  prostate  is  an  extremely  rare  disease,  and  in  the  three 
cases  which  I  have  seen  has  been  characterized  by  a  very  large,  soft, 
smooth  tumor,  which  occupied  a  large  part  of  the  pelvis. 

Treatment. — ^The  treatment  may  be  divided  into  hygienic,  palliative, 
and  radical.  Under  hygienic  treatment  may  be  placed  all  those  things 
which  we  ought  not  to  do  if  we  want  to  preser\'e  our  good  health.    Sexual 
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excesses  should  be  avoided,  as  statistics  seem  to  show  that  undue  in- 
dulgence in  coitus  is  a  definite  etiologic  factor.  When  the  enlargement 
already  exists,  the  patient  should  lead  a  very  careful  life,  should  not 
drink  much  alcohol,  should  be  careful  not  to  allow  the  bladder  to  become 
overdistended  or  chronic  constipation  to  exist.  When  symptoms  of 
marked  irritability  are  present  the  use  of  appropriate  mineral  waters 
or  diuretic  remedies,  and  sometimes  the  occasional  residence  at  some 
spa,  are  of  distinct  value. 

PaUiative, — ^Under  this  head  may  be  mentioned  prostatic  massage 
and  catheterism.  In  early  cases,  and  especially  those  associated  with 
chronic  prostatitis,  the  use  of  vigorous  prostatic  massage  once  or  twice 
a  week  for  a  protracted  period  may  be  of  distinct  service.  Under  such 
treatment  much  of  the  irritation  and  reflex  painful  symptoms  often 
disappear,  and  I  have  seen  a  few  cases  in  which  a  distinctly  hypertrophied 
gland  became  small  and  the  obstruction  to  urination  less.  As  a  rule, 
however,  it  is  necessary  to  continue  this  treatment  indefinitely,  and  in 
most  cases  other  measures  ultimately  have  to  be  adopted. 

Catheterism. — ^The  use  of  large  dilating  instruments  has  proved  so 
unsatisfactory  that  they  are  now  seldom  employed.  The  traumatism 
produced  at  the  vesical  neck  often  aggravates  the  condition,  and  such 
treatment  is  not  to  be  recommended.  When  the  retention  of  urine  is 
complete,  catheterization  is  imperative,  and  often  when  once  begun  has 
to  be  continued.  When  the  amount  of  residual  urine  is  large,  it  is  a 
distinct  menace  to  health,  and  many  authors  recommend  systematic 
catheterization  when  over  four  ounces  of  residual  urine  is  found;  the 
larger  the  residue,  the  more  frequent  the  catheterization.  When  the 
patient  is  so  situated  that  catheterization  can  be  done  well,  its  use  is 
often  accompanied  by  marked  benefit  and  only  a  moderate  amount  of 
discomfort.  The  patient  may  find  it  necessary  to  withdraw  the  urine 
only  two  or  three  times  a  day,  the  cystitis  which  is  invariably  produced 
may  be  of  only  moderate  degree  and  show  no  painful  symptoms,  and 
the  general  condition  of  the  patient  may  remain  good ;  but  even  under  such 
favorable  circumstances  the  patient's  life  revolves  around  the  catheter, 
and  this  often  proves  an  intolerable  nuisance.  In  most  cases,  however, 
catheter  life  is  far  from  pleasant;  a  severe  cystitis  generally  ensues,  wdth 
its  train  of  disagreeable  symptoms;  vesical  calcuU  not  infrequently 
develop,  accompanied  by  pain  and  hemorrhage.  Occasionally  it  is  very 
difficult  or  impossible  to  pass  a  catheter,  traumatism  of  the  urethra 
results,  and  sometimes  great  vesical  distention  is  present  before  the  patient 
is  finally  relieved  by  catheter  or  by  suprapubic  puncture.  Casper  has 
shown,  after  a  careful  study  of  catheter  life,  that  it  is  far  from  satisfactory, 
and  has  an  attendant  mortaUty  which  is  very  considerable,  and  Rovsing 
reports  ten  deaths  in  one  hundred  and  twenty-six  cases  so  treated. 
In  my  series  of  one  hundred  and  forty-five  cases  the  catheter  was  used 
in  seventy-six  cases.  Catheterization  was  often  very  difficult  and 
painful  and  the  patient  usually  found  it  an  intolerable  nuisance.  The 
best  catheter  for  cases  of  prostatic  hypertrophy  is  a  coud6  gum  catheter 
of  French  make,  which  can  be  boiled  ("Porgfis"),  as  shown  in  Fig.  224. 
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The  "elbowed"  curve  which  this  instrument  carries  at  its  vesical  end 
is  best  calculated  to  ride  over  the  enlargements  of  the  median  portion  of 
the  prostate,  which  are  usually  present.  If  care  is  taken,  little  diflficulty 
is  found  in  passing  a  catheter  between  the  lateral  lobes  of  the  prostate, 
W'hich  are  easily  pushed  apart  by  the  end  of  the  catheter;  but  when  the 
median  portion  of  the  prostate  is  reached,  a  straight  instrument  will, 
as  a  rule,  come  up  abruptly  against  the  anterior  surface  of  the  median 
bar  or  lobe,  and  further  passage  is  often  impossible.  On  this  account 
the  soft-rubber  N61aton  catheter  is  often  very  difficult  to  introduce. 


Fig.  224. — Gum  Prostatic  or  Couoi  Catheter  which  can  be  Boiled. 

In  certain  cases  the  ordinary  coud^  catheter  will  not  pass,  and  we  then 
have  the  excellent  instrument  of  Guyon,  the  mandarin  coud^,  shown  in 
Fig.  225,  which  gives  extra  curve  to  the  gum  catheter  and  facilitates 
its  passage.  Such  an  instrument,  however,  is  not  to  be  given  to  a  patient, 
nor  is  a  silver  catheter,  but  both  may  be  necessary  to  the  physician  who 
is  attempting  catheterization.  When  the  use  of  a  catheter  is  thought 
advisable,  it  should  be  done  under  proper  aseptic  and  antiseptic  pre- 
cautions, and  the  patient  should  take  10  to  20  grains  of  hexamethylamin 
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and  an  intravesical  irrigation  of  boric  acid  daily  in  order  to  keep  down 
vesical  infection  and  inflammation. 

Statistics  show,  however,  that  aside  from  its  discomfort  the  catheter 
life  is  far  more  dangerous  than  an  early  operation,  and  whenever  it  becomes 
evident  that  one  is  dealing  with  a  definite  hypertrophy  of  the  prostate 
with  considerable  residual  urine  and  obstruction,  it  is  certainly  advisable 
to  carry  out  a  curative  operation.  The  fact  that  it  is  possible  to  have 
one  hundred  and  twenty-eight  consecutive  cases  without  a  death,  many 
of  the  patients  being  infirm  old  men,  and  with  many  complications 
as  a  result  of  long-continued  catheter  life,  shows  that  with  an  early 
operation  the  mortality  should  be  niZ,  and  the  chances  of  restoring  the 
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patient  to  a  practically  normal  condition,  without  the  complications 
produced  by  vesical  infection,  excellent. 

In  Emergencies, — Under  emergencies  may  be  included  attacks  of 
sudden  complete  retention  of  urine;  the  inability  to  pass  the  catheter 
as  usual  by  patients  leading  a  catheter  life;  traumatism  due  to  catheter- 
ization, false  passages,  hemorrhage,  periurethral  and  prostatic  infections; 
extravasation  of  urine;  perineal  and  rectal  fistulas;  severe  inflammations 
of  the  bladder  or  diverticula  from  the  bladder;  ascending  infections  of 
the  ureters  and  kidneys  with  the  attending  uremic  complications.  Space 
forbids  any  extended  discussion  of  this  subject,  and  the  particular  form 
of  emergencies  met  with  will  have  to  be  handled  according  to  the  dicta 
of  modem  surgery.    In  the  case  of  the  first  complete  retention,  if  the 
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bladder  is  greatly  distended,  most  authors  think  that  it  is  dangerous  to 
completely  evacuate  the  bladder. 

Radical  Operations. — The  galvanocaustic  operation,  which  was  intro- 
duced by  Bottini  in  1876,  can  hardly  be  considered  a  radical  operation, 
in  that  the  enlarged  prostatic  lobes  are  not  removed,  but  the  results 
obtained  are  generally  so  permanent  that  it  deserves  a  place  among  the 
radical  procedures.  This  operation  is  performed  with  an  instrument 
provided  with  a  platinum  blade  which  can  be  heat^  by  an  electric  cur- 
rent and  then  drawn  through  the  prostate  by  turning  an  external  screw 
in  the  handle  of  the  instrument  which  lies  in  the  urethra.  Several  days 
after  the  operation  a  slough  is  passed,  and  this  usually  provides  suffi- 
cient opening  for  the  free  evacuation  of  urine.  The  early  instruments 
of  Bottini  were  very  crude,  but  they  were  subsequently  improved  by 
himself,  by  Freudenberg,  Young,  Chetwood  and  others.    They  consist 
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essentially  of  a  male  blade  canying  a  platinum  knife  which  can  be  heated 
to  a  white  heat  by  electricity,  and  a  female  blade  through  which  a  current 
of  water  can  be  passed  to  prevent  heating  of  this  part  of  the  instrument 
and  consequent  burning  of  other  portions  of  the  urethra.  Freudenberg's 
instrument  is  the  one  most  widely  used,  and  has  been  modified  by  Young 
so  that  blades  of  different  height  can  be  used,  the  size  to  be  selected 
according  to  the  size  of  the  prostate  (Fig.  226).  Chetwood's  instrument 
(Fig.  227)  is  much  shorter  and  is  intended  only  for  an  operation  done 
through  a  perineal  section.  Whether  employed  through  the  entire  urethra 
or  through  the  perineum,  the  operation  consists  in  slowdy  drawing  the 
platinum  blade,  heated  to  a  white  heat,  through  the  prostatic  tissue. 
As  a  rule,  three  cuts  are  made — one  posteriorly  through  the  median 
lobe,  and  one  laterally  on  each  side  through  the  lateral  lobes.  The 
length  of  the  incisions  should  be  in  accordance  with  the  size  of  the  pros- 
tate, which  should  be  most  carefully  determined  before  operation  by 
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c>'stoscopic  examination,  and  particularly  by  palpation  of  the  prostate 
with  the  cystoscope  in  the  urethra.  The  size  of  blade  employed  should 
also  depend  upon  the  previous  estimation  of  the  size  of  the  prostate.  In 
prostates  of  slight  enlargement  the  smallest  blade,  about  1  cm.  high, 
should  be  used,  and  the  length  of  the  incisions  should  usually  not  be  over 
2  cm.  While  making  these  incisions  the  index-finger  of  the  right  hand 
of  the  operator  should  be  in  the  rectum  so  as  to  be  sure  that  the  beak  of 
the  instrument  does  not  slip  into  the  urethra.  About  two  minutes  should 
be  occupied  in  making  each  cut  with  the  blade  at  white  heat.  In  cases 
of  moderate  hypertrophy  a  blade  about  1 .3  cm.  high  should  be  used  and 
longer  incisions  may  be  employed  (varying  from  2.5  to  3  cm.).  In  the 
very  large  prostates  the  largest  blade,  about  1.6  cm.  high,  may  be  em- 
ployed with  incisions  3  to  4  cm.  long.  Before  using  the  largest  blade  the 
operator  must  be  certain  that  the  median  portion  of  the  prostate  is 
greatly  increased  in  thickness  and  that  the  enlargement  is  not  merely 
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of  the  lateral  lobes.  In  cases  with  a  transverse  median  bar  or  a  slightly 
rounded  median  lobe  the  posterior  incision  is  usually  entirely  successful 
in  removing  the  obstruction,  but  when  the  median  lobe  is  pedunculated 
in  character  the  beak  of  the  instrument  is  likely  to  slip  to  one  side  of  it, 
and  when  the  posterior  incision  is  made  the  median  lobe  usually  escapes 
unhurt,  and  numerous  operators  have  reported  failures  in  such  cases. 
In  order  to  obviate  this  the  writer  has  in  several  cases  made  use  of  two 
posterior  incisions,  each  of  which  was  placed  obliquely  across  the  base 
of  the  median  lobe,  thus  partly  cutting  off  its  blood-supply  and  dropping 
it  back  against  the  trigone,  where  it  can  produce  no  obstruction.  The 
results  obtained  in  these  cases  have  been  entirely  satisfactory'.  The 
operation  can  usually  be  done  under  cocain  (4  per  cent,  solution  in  bladder 
and  urethra,  washed  out  before  the  operation).  After  the  instrument 
is  removed  the  patient  is  directed  to  void  urine,  which  he  can  often  do 
without  difficulty.  In  such  cases  it  is  not  necessary  to  insert  catheters  to 
be  retained ;  in  others  it  is  wise  to  use  a  catheter  d  d^meure  for  several  days. 
The  subsequent  treatment  of  the  case  consists  in  quiet,  an  abundance 
of  water,  some  urinary  antiseptic,  and  catheterization  if  necessar>'. 
As  a  rule,  urine  can  be  voided,  but  generally  with  some  difficulty  until  the 
sloughs  are  passed.  This  occurs,  as  a  rule,  within  a  week  after  the  opera- 
tion. There  is  usually  not  much  hemorrhage,  the  residual  urine  rapidly 
diminishes,  and  in  most  cases  fairly  normal  micturition  is  established. 
Many  brilliant  results  have  been  reported  as  a  result  of  the  Bottini  opera- 
tion, often  in  men  of  very  advanced  years  and  in  desperate  condition, 
and  the  cure  has  been  maintained  for  many  years.  But  while  the  Bottini 
operation  is  in  most  cases  a  simple  affair  followed  by  excellent  results, 
the  mortality  is  surprisingly  large,  and  the  number  of  failures  is  not  small. 
Freudenberg's  statistics,  which  are  the  most  complete,  show  85  per  cent, 
good  results,  55  per  cent,  cured,  30  per  cent,  improved,  8  per  cent,  bad 
results,  and  7  per  cent,  fatalities. 

I  have  personally  had  eighty-five  cases  in  which  I  have  performed 
the  Bottini  operation,  and  the  results  have  been  about  the  same  as  those 
obtained  by  Freudenberg.  In  many  cases  they  were  brilliant,  but  in 
others  they  were  not,  and  the  occurrence  of  several  deaths  in  patients  in 
excellent  condition  caused  me  to  abandon  the  operation.  That  it  has  a 
place  in  surger>',  however,  cannot  be  denied.  It  is  certainly  very  appli- 
cable to  cases  of  median  bar  formation  and  so-called  "small  sclerotic 
prostates  or  contracture  at  the  neck  of  the  bladder,"  as  has  been  most 
distinctly  shown  by  Chetwood.  The  fact,  however,  that  it  is  not  always 
successful;  that  the  prostate  continues  to  grow  in  size,  not  infrequently 
leading  to  subsequent  obstruction,  and  the  presence  of  a  considerable 
mortality,  taken  in  connection  with  the  fact  that  it  is  an  operation  per- 
formed in  the  dark,  have  relegated  the  Bottini  to  a  secondary  place  in 
the  treatment  of  prostatic  hypertrophy. 

Suprapubic  Prostatectomy. — ^The  first  operation  of  this  character 
was  performed  by  Amussat  in  1827,  in  the  course  of  an  operation  for 
stone,  but  it  was  not  until  1880  that  the  removal  of  a  portion  of  an  ob- 
structing prostate  as  a  routine  procedure  was  first  advocated  by  Dittel, 
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and  he  did  not  carry  out  the  idea  until  1885.  Belfield  performed  his 
first  suprapubic  prostatectomy  in  1886,  and  published  his  description 
of  the  operation  in  1887.  A  gi-eat  impetus  waa  given  by  McGill,  who  in 
1888  warmly  advocated  suprapubic  prostatectomy,  and  in  1889  reported 
twenty-four  cases. 

The  operations  performed  by  Belfield  and  McGill  were  partial  prosta- 
tectomies— a  removal  by  enucleation  or  instruments  of  the  middle  lobe, 
or  at  most  that  portion  of  the  lateral  lobes  surrounding  the  prostatic 
orifice,  and  as  the  procedures  were  incomplete  the  results  obtained  were 
not  always  successful. 

That  the  first  complete  suprapubic  prostatectomy  was  done  by  Eugene 
Fuller,  of  New  York,  in  1894,  is  well  estabUshed,  and  we  cannot  under- 
stand why  some  of  his  fellow-countrymen  should  have  given  the  credit 
for  this  to  Freyer,  who  made  his  "discoveries"  five  years  later,  and  after 
he  had  attended  a  meeting  of  the  International  Medical  Congi-ess  in 
Paris  in  which  Guiteras  described  the  details  of  the  method  which  was 
employed  by  many  of  us  in  America.  I  was  with  Guiteras,  and  in  fact 
participated  in  the  writing  of  his  paper,  so  that  I  can  substantiate  his 
assertions  that  if  Freyer  did  not  then  learn  the  method  from  him,  he 
failed  to  avail  himself  of  his  opportunities. 

Fuller's  operation  was  described  as  follows:  The  patient  is  placed 
flat  on  his  back  and  the  bladder  is  distended  with  from  8  to  12  ounces  of 
fluid.  The  bladder  is  then  opened  suprapubically,  the  forefinger  of  the 
left  hand  introduced,  and  the  vesical  opening  of  the  urethra  located. 
Scissors  are  slipped  along  the  left  forefinger  to  the  urethral  opening,  and 
are  made  to  cut  through  the  median  bar  or  lobe.  The  cut  extends  from 
the  lower  margin  of  the  internal  vesical  opening  of  the  urethra  backward 
for  an  inch  to  an  inch  and  a  half,  and  into  this  one  of  the  forefingei*s, 
whichever  the  operator  may  find  convenient,  is  slipped,  while  at  the  same 
time  the  fist  of  the  other  hand  makes  firm  counter-pressure  against  the 
perineum.  By  means  of  this  counter-pressure  the  prostatic  growth  is 
brought  well  into  the  reach  of  the  forefinger  of  the  other  hand,  which  is 
employed  all  this  time  in  enucleating  the  prostatic  obstruction  en  massCj 
or  lobe  by  lol^e,  as  the  case  may  be.  Enucleation  can  be  easily  and  speedily 
accomplished  in  this  manner,  and  should  not  be  desisted  from  until 
all  the  lateral  and  median  hypertrophies,  as  well  as  all  hypertrophies 
along  the  line  of  the  prostatic  urethra,  have  been  removed.  The  vesical 
walls  at  the  base,  as  elsewhere,  are  very  elastic  and  dilatable,  so  that  it 
will  l^e  found  that  the  little  cut  made  through  the  bottom  of  the  bladder 
will  be  large  enough  to  admit  of  the  passage  through  it  of  the  enucleated 
prostata.  A  perineal  incision  is  then  made  and  a  large  size  (No.  26 
American)  soft-rubber  tube  is  passed  through  it  into  the  bladder.  After 
this,  hot-water  irrigation  is  employed  for  some  minutes  to  wash  out  blood- 
clots  and  to  stop  oozing.  Then  the  suprapubic  wound  is  closed  by  a  deep 
layer  of  catgut  which  includes  the  bladder  wall,  and  by  a  more  superficial 
layer  of  silkworm-gut  sutures. 

"I  can  say  of  my  method  of  enucleation  that  by  it  the  prostatic  h5rper- 
trophy  can  be  easily  and  thoroughly  removed  without  damage  to  the 
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ally  diverticula.  Study  of  the  prostatic  orifice,  however,  generally 
reveals  in  cases  of  tabes  no  enlargement  of  either  the  median  or  lateral 
portions  of  the  prostate,  and  in  some  cases  a  dilated  internal  sphincter, 
so  that  it  is  possible  to  examine  with  the  cystoscope  the  prostatic  urethra. 
The  presence  of  extensive  vesical  trabeculation  and  pouch  formation, 
which  are  certainly  signs  of  obstruction  to  urination,  is  probably  due  to 
a  spastic  condition  of  the  external  sphincter,  which  fails  to  respond  to 
the  calls  to  urinate  and  remains  closed  while  the  vesical  muscle  attempts 
to  evacuate  the  bladder.  In  cases  of  lateral  sclerosis  of  the  cord 
diagnosis  is  often  still  more  difficult,  and  we  have  not  the  space  to  discuss 
the  urinary  symptoms  produced  by  the  various  spinal  cord  lesions. 
Suffice  it  to  say  that  early  loss  of  sexual  powers  and  incontinence  of 
urine  should  make  one  strongly  suspect  spinal  disease,  and  the  presence 
of  patellar  reflexes  is  not  sufficient  to  exclude  it.  It  is  very  important 
that  a  very  careful  neurologic  examination  be  carried  out  in  most  cases. 
The  only  two  cases  in  which  incontinence  persists  among  my  cases  of 
perineal  prostatectomy  are  two  which  now  show  definite  evidence  of 
spinal  sclerosis.  In  some  cases  the  ner\'ous  symptoms  far  outweigh  the 
urinar>%  and  symptoms  of  urethral,  perineal,  and  rectal  irritation  cause 
much  more  discomfort  than  the  obstruction  to  urination.  Such  cases 
are  nearly  always  associated  with  chronic  prostatitis,  and  not  infrequently 
the  more  remote  reflex  pains  which  are  so  common  in  that  disease  are 
present,  viz.,  lumbago,  sciatica,  vague  pains  in  the  hips,  groins,  scrotum, 
and  even  more  remote  regions  of  the  body. 

Cancer  of  the  Prostate. — The  differential  diagnosis  between  benign  and 
malignant  prostatic  disease  is  usually  very  easy  in  later  cases  in  which 
the  seminal  vesicles,  glands,  perirectal  and  other  pelvic  structures 
are  extensively  involved.  In  the  early  cases,  however,  diagnosis  is  often 
extremely  difficult,  and  as  the  possibility  of  a  radical  cure  in  cases  of 
carcinoma  can  only  be  undertaken  when  the  disease  is  recognized  early, 
the  extreme  importance  of  a  correct  diagnosis  is  evident.  Marked 
induration  should  always  make  one  think  of  the  possibiUty  of  cancer, 
and  if  this  is  of  stony  hardness,  a  positive  diagnosis  can  gradually  be 
made.  A  careful  study  of  eighty-seven  cases  of  carcinoma  of  the  prostate 
showed  that  the  disease  remained,  as  a  rule,  for  a  long  time  within  the 
confines  of  the  lobes;  the  urethra,  the  bladder,  and  especially  the  posterior 
capsule  of  the  prostate  resting  inviolate  for  a  considerable  period.  Extra- 
prostatic  invasion  nearly  always  occurs  first  along  the  ejaculatory  ducts, 
in  the  space  immediately  above  the  prostate  between  the  seminal  vesicles 
and  the  bladder  and  beneath  the  fascia  of  Denonvilliers.  Thence  it 
may  invade  the  trigone,  through  which  it  sometimes  appears  as  an 
intravesical  tumor.  In  most  cases  the  induration  is  uniform,  involv- 
ing both  lobes  of  the  prostate  and  the  inters^ening  posterior  com- 
missiu«.  The  posterior  surface  of  the  prostate  is  usually  smooth,  but 
later  may  become  irregular  and  nodular.  In  rare  instances  a  portion  of 
the  prostate  is  soft,  but  here  again  the  ver\'  marked  induration  present 
in  the  affected  portion  should  at  once  suggest  malignancy.  On 
attempting  to  pass  a  catheter,  obstruction  is  generally  encountered  near 
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the  apex  of  the  prostate.  This  is  due  to  a  circular  constriction  of  the 
entire  prostatic  urethra,  the  lumen  of  which  is  thus  considerably  narrowed. 
This  is  in  marked  contradistinction  to  the  condition  present  in  benign 
hypertrophy,  in  which  the  circumference  of  the  urethra  is  generally 
increased,  although  it  may  be  distorted  and  flattened  by  the  pressure 
of  hypertrophied  lobes.  A  coud6  gum  catheter  is  generally  the  best 
instrument  to  use  in  cases  of  prostatic  hypertrophy,  but  in  cancer  it  is 
often  impossible  to  pass  such  a  catheter,  and  a  small  N^laton  rubber 
catheter  is  much  the  better  instrument.  In  doubtful  cases  the  cystoscope 
is  of  very  great  help  because  it  usually  shows  no  intravesical  enlargement 
of  the  prostate  in  cancer,  or  at  most  only  a  slight  elevation  of  the  median 
portion  of  the  prostate.  As  stated  above,  the  bladder  is  usually  found 
free  from  the  disease  until  late,  and  then  invasion  is  generally  evident 
as  an  elevation  of  the  trigone  or  an  intravesical  tumor,  most  often  in 
the  region  of  one  or  both  ureteral  orifices.  In  a  small  proportion  of 
cases  intravesically  enlarged  lateral  lobes  are  present.  Of  considerable 
diagnostic  value  also  is  the  examination  of  the  tissues  between  the 
cystoscope  and  a  finger  in  the  rectum.  In  carcinoma  the  entire  length 
of  the  posterior  conmiissure  is  usually  markedly  thickened  and  indurated, 
while  in  hypertrophy  the  thickening  is  generally  only  in  the  region  of 
the  middle  lobe.  When  the  carcinoma  has  invaded  the  tissues  immediately 
beneath  the  trigone,  it  is  impossible  to  feel  the  beak  of  the  instrument 
in  the  bladder,  while  in  hypertrophy  the  subtrigonal  tissues  are  usually 
soft  and  the  beak  easily  felt. 

In  cases  where  a  positive  diagnosis  cannot  be  made  operation  should 
be  advised,  with  the  idea  of  early  diagnosis  and  proper  treatment. 
After  exposing  the  posterior  surface  of  jthe  prostate,  palpation  will 
generally  show  whether  the  condition  is  malignant  or  not,  but  sometimes 
it  is  advisable  to  incise  the  lobes  and  .examine  a  section  of  tissue  either 
by  naked  eye  or  by  stained  frozen  sections.  If  the  disease  is  shown  to 
be  malignant  and  it  has  not  progressed  far  above  the  prostate,  the  radical 
operation  described  elsewhere  may  be  undertaken;  if  benign,  a  con- 
servative perineal  enucleation  can  be  carried  out. 

Cases  of  benign  hypertrophy  associated  with  marked  chronic  pros- 
tatitis, and  especially  vfith  concretions  and  small  calculi,  are  sometimes 
difficult  to  differentiate  from  cancer,  and  in  such  cases  the  methods 
described  above  should  be  undertaken.  The  fact  that  about  20  per  cent. 
of  the  cases  of  prostatic  obstruction  in  elderly  men  are  due  to  malignant 
disease  shows  the  great  importance  of  early  diagnosis,  which  is  now 
seldom  made.  .The  presence  of  vague  pains  in  the  pelvis  or  lower  extrem- 
ities should  always  lead  to  an  examination  of  the  prostate,  and  if  this 
were  always  done,  many  early  cases  of  carcinoma  would  be  recognized. 
Sarcoma  of  the  prostate  is  an  extremely  rare  disease,  and  in  the  three 
cases  which  I  have  seen  has  been  characterized  by  a  very  large,  soft, 
smooth  tumor,  which  occupied  a  large  part  of  the  pelvis. 

Treatment. — ^The  treatment  may  be  divided  into  hygienic,  palliative, 
and  radical.  Under  hygienic  treatment  may  be  placed  all  those  things 
which  we  ought  not  to  do  if  we  want  to  preserve  our  good  health.    Sexual 
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through  the  opening  in  the  mucous  membrane,  which,  during  the  manipu- 
lations, will  have  become  considerably  enlarged.  Theprostate,  which  now 
lies  free  in  the  bladder,  is  withdrawn  by  strong  forceps  through  the  supra- 
pubic wound.  There  is,  as  a  rule,  very  Uttle  bleeding  from  the  operation. 
The  cavity  left  by  the  removal  of  the  prostate  disappears  owing  to  the 
inherent  elasticity  of  the  sheath,  the  contractility  of  the  surrounding 
muscles,  and  the  pressure  of  the  pelvic  structures.  The  contractility 
of  the  cavity  will  be  greatly  faciUtated  by  pressing  its  opposing  surfaces 
together  by  the  points  of  the  fingers  in  the  bladder  and  rectum.  Irrigation 
of  the  bladder  by  hot  lotion  through  a  catheter  and  out  by  the  suprapubic 
wound  will  help  to  check  the  hemorrhage,  but  if  irrigation  is  continued 
for  more  than  two  minutes  it  increases  the  bleeding.  The  bladder  having 
been  cleared  of  clots,  and  while  the  irrigation  is  still  proceeding,  a  rubber 
drainage-tube  seven-eighths  of  an  inch  in  diameter  and  provided  \^ith 
large  lateral  openings,  and  about  5  inches  long,  is  introduced  into  the 
bladder  for  a  distance  of  no  more  than  one  inch.  Nothing  is  introduced 
into  the  prostatic  cavity,  the  object  being  to  facilitate  its  contraction. 
The  edges  of  the  parietes  are  now  brought  together  around  the  tube  by 
silkworm-gut  sutures,  some  of  which  should  pass  deeply  through  the  recti 
muscles,  leaving  room  for  a  small  prevesical  gauze  wick.  No  sutures 
are  inserted  into  the  bladder.  Before  withdrawing  the  catheter  and 
applying  the  dressings  the  bladder  is  once  more  irrigated  to  ascertain 
that  the  drainage  is  free.  During  the  twenty-four  hours  after  the  oper- 
ation there  will  generally  be  some  clots  lying  in  the  drainage-tubes; 
these  should  be  removed  by  long  forceps  at  each  dressing.  The  bladder 
should  be  irrigated  daily,  using  a  long  glass  nozzle  which  is  introduced 
into  the  drainage-tube,  care  being  taken  not  to  cause  pressure  in  the 
bladder  which  might  disturb  the  prostatic  cavity.  The  tube  is  removed 
in  from  three  to  five  days.  Irrigation  of  the  bladder  must  be  continued 
once  or  twice  daily,  the  fluid  being  allowed  to  flow  out  through  the  supra- 
pubic wound  around  the  nozzle  until  the  fistula  contracts,  when  the 
irrigation  is  accomplished  by  ordinarily  filling  the  bladder  and  with- 
drawing the  nozzle,  thus  allowing  the  escape  of  fluid.  As  the  case  advances 
more  and  more  pressure  on  the  bladder  may  be  employed.  After  nine 
days  irrigation  of  the  bladder  by  means  of  hydraulic  pressure  through 
the  urethra  may  be  employed,  but  when  natural  urination  is  established 
no  more  irrigations  are  used.  The  management  of  the  bowels  is  of  the 
utmost  importance.  For  three  or  four  days  previous  to  the  operation 
they  should  be  moved  freely  once  daily  by  means  of  laxative  pills  given 
at  night  and  a  mild  saline  given  in  the  morning,  and  on  the  morning  of 
the  operation  by  means  of  an  enema.  The  bowels  should  then  be  left 
undisturbed  for  two  or  three  days,  and  they  should  then  be  moved  freely 
by  castor  oil;  after  this  they  should  be  moved  gently  once  a  day.  .  Secon- 
dary hemorrhage  has  occurred  in  a  few  instances,  and  should  it  persist 
and  give  rise  to  pain  and  spasm  from  the  accumulation  of  clots  in  the 
bladder,  no  time  should  be  lost  in  reopening  the  suprapubic  wound  and 
inserting  a  large  drainage-tube  for  three  days  to  relieve  the  pressure 
on  the  walls  of  the  prostatic  cavity.^' 
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In  speaking  of  the  cases  which  are  suitable  for  suprapubic  prosta- 
tectomy, Freyer  says:  "In  patients  in  the  earlier  stages  of  the  malady 
in  whom  not  more  than  an  ounce  or  two  is  found  on  introducing  the 
catheter,  it  is  inadvisable  to  attempt  the  removal  of  the  prostate  because 
the  enlargement  of  the  organ  will  not  have  sufficiently  advanced  to 
render  it  prominent  in  the  bladder  or  to  define  adequately  the  lines  of 
cleavage  between  the  true  capsule  of  the  prostate  and  its  enveloping 
sheath.  When  we  have  to  deal  with  adenomatous  enlargements  of 
smaller  dimensions,  say  less  than  IJ  ounces  in  weight,  the  greatest 
difficulties  present  themselves  as  to  the  possibility  of  their  enucleation 
entire  being  practicable.  If  on  cystoscopic  examination  we  find  that 
there  is  a  well-defined  outgrowth  of  one  lobe  or  marked  prominence 
of  both  lobes  in  the  bladder,  the  case  may  be  pronounced  to  be  permitting 
of  the  enucleation  of  the  growth  entire.  Prostates  weighing  from  2  to 
6  ounces  are  most  easily  and  rapidly  enucleated,  but  prostates  of  larger 
size  can  be  similarly  dealt  with,  though  those  attaining  to  enormous 
dimensions  present  difficulty  in  removing  them,  mainly  owing  to  their 
being  impacted  beneath  the  pubic  arch,  and  to  the  difficulty  experienced 
in  reaching  with  the  finger  the  distal  portions  of  the  growth."  Frey^er 
then  detailed  several  cases  which  were  extremely  difficult  and  which 
required  about  half  an  hour  for  the  enucleation.  Freyer  has  made 
a  number  of  consecutive  reports  of  cases  in  the  "British  Medical 
Journal.'' 

The  following  table,  which  has  been  compiled  from  them,  shows  a 
gradual  improvement  in  the  mortality,  viz.: 

In   the   first  45  cases  there  were  5  deaths,   a   mortality  of  11  percent. 

U      UQ  U  U  U         JQ  U  U  JQ 

u    17Q         a  u  u      jg  .«  u  9  4 

u  203      '*         "         '*    16       "  *'  8 

u  322      "         "         "    25       ''  "  7.8 

"    last  119      "         "         "      9       "  "  7.5 

Deaver  has  been  one  of  the  most  enthusiastic  supporters  of  Freyer  in 
this  country,  but  the  operation  as  he  performs  it  differs  very  materially 
from  "Freyer's"  operation,  e.  g.:  The  incision  is  much  longer,  so 
that  retractors  may  be  inserted  into  the  bladder  to  give  a  view  of  the 
prostate;  an  incision  over  a  lateral  lobe  is  usually  made  with  scissors; 
*' when  the  prostate  is  large  a  second  incision  must  be  made  over  the  other 
lateral  lol)e";  if  a  pedunculated  median  lobe  is  present  it  is  removed,  and 
**if  no  other  urethral  obstruction  exists  the  operation  may  be  terminated, 
and  the  bulk  of  the  prostate  be  left  untouched";  in  case  of  persistent 
hemorrhage  the  cavity  is  packed  with  gauze  and  the  margins  of  the  mu- 
cous membrane  around  the  cavity  sutured  over  the  packing  with  catgut; 
a  drainage-tul^e  alx)ut  three-eighths  of  an  inch  in  diameter  and  about 
two  feet  long  is  used;  the  bladder  is  irrigated  and  a  *' sound  passed  once  a 
week  for  some  months  after  the  operation"  to  prevent  stricture.  Deaver 
says  that  the  ejaculatory  ducts  are  almost  always  torn  loose  from  the 
urethra,  and  that  the  urethra  is  generally  removed  in  its  entirety  with 
the  prostate,  being  torn  across  at  the  membranous  urethra. 
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Perineal  Prostatectomy. — ^The  earliest  operations  for  the  relief  of 
retention  of  urine  due  to  prostatic  hypertrophy  were  done  through  the 
perineum,  references  to  division  of  the  vesical  neck  through  the  perineum 
being  present  in  several  of  the  early  medical  writings.  The  work  was 
apparently  lost  sight  of,  and  it  was  not  until  after  Massa  in  the  sixteenth 
century  "rediscovered"  the  prostate  that  Riolanus  again  incised  the 
vesical  neck  with  successful  results.  Covillard,  in  1639,  was  apparently 
the  first  to  remove  a  hypertrophied  middle  lobe  by  tearing  it  away  with 
forceps  after  perineal  lithotomy,  and  although  he  operated  upon  two 
cases,  we  can  find  no  further  references  to  similar  operations  until  two 
centuries  later.  Sir  William  Fergusson  in  1848  exhibited  specimens  of 
hypertrophied  prostates  which  he  had  enucleated  through  the  perineum 
after  removal  of  a  calculus.  In  1870  he  again  refers  to  this  work,  and 
mentions  one  case  in  which  he  had  no  difficulty  in  enucleating  the  lower 
portion  of  the  prostate  in  a  man  eighty  years  of  age,  and  remarks :  *  *  When 
the  surgeon  is  called  upon  to  relieve  his  patient  from  stone  and  finds  an 
enlarged  prostate,  why  should  he  not  take  away  a  superfluous  portion 
of  the  prostate  at  the  same  time?"  In  1866  Kiichler  formulated  the 
fiipt  systematic  technic  for  the  radical  removal  of  the  prostate  through 
the  perineum,  but  his  operations  were  done  only  in  the  cadaver. 

In  1867  Billroth,  following  Kiichler's  advice,  performed  the  first 
intentional  prostatectomy  upon  two  patients  suffering  from  prostatic 
enlargement.  The  operation,  however,  seems  not  to  have  been  a  com- 
plete enucleation  of  all  the  lobes  of  the  prostate.  In  1873  Gouley,  of 
New  York,  advocated  systematic  enucleation  of  the  lateral  lobes,  and  an 
excision  of  the  median  lobe  through  the  perineum,  but  we  have  no  record 
of  its  performance  until  Goodfellow,  in  1891,  without  knowledge  of  the 
work  of  his  predecessors,  carried  out  the  same  procedure  and  in  succes- 
sive publications  reported  many  successful  cases.  Goodfellow  therefore 
deserves  the  credit  of  being  the  first  to  make  a  success  of  prostatectomy, 
and  his  operation,  which  is  still  employed  today,  is  described  by  himself 
as  follows:  '*With  the  patient  in  the  ordinary  lithotomy  position,  the 
legs  held  by  an  assistant,  the  bladder  being  empty  or  full,  as  the  case  may 
be,  the  lithotomy  staff  is  introduced,  the  legs  elevated  somewhat,  a  median 
incision  from  the  base  of  the  scrotum  to  the  margin  of  the  anus  is  made 
[through  the  bulbous]  and  carried  to  the  membranous  urethra,  which  is 
entered  with  a  straight  lithotomy  knife  and  the  opening  extended  into 
the  bladder.  The  finger  is  then  introduced  into  the  bladder,  the  staflf 
removed,  and  the  moderate  flexion  of  the  legs  on  the  abdomen  and  thorax 
increased  to  as  great  an  extent  as  possible.  Then  with  the  hand  on  the 
hypogastrium  the  bladder  is  depressed  and  the  enucleation,  beginning 
at  the  beak  of  the  prostate  below  and  working  upward  next  to  the  bladder, 
or  from  above  on  either  side  downward,  is  carried  on,  the  time  consumed 
for  complete  enucleation  rarely  being  over  five  or  ten  minutes.  The 
gland  may  be  removed  entirely  or  lobe  by  lobe.  Part,  or  all  of  the  pros- 
tatic urethra  is  removed  with  the  gland."  At  a  later  date  he  says: 
*'I  do  not  find  it  necessary  to  use  a  knife  to  enter  the  urethra  or  bladder. 
After  getting  to  the  urethra  I  am  able  to  open  it  and  get  into  the  bladder 
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by  a  boring  movement,  then,  having  cut  through  the  commissure,  I 
enucleate  from  above,  and  not  from  below  as  fonnerly." 

In  1894  Nicoll,  and  in  1896  Alexander,  advocated  the  use  of  a  supra^ 
pubic  intravesical  incision  through  which  the  prostate  could  be  pushed 
toward  the  perineum,  where  it  was  enucleated.  In  1899  Bryson  advised 
that  the  incision  be  made  only  through  the  abdominal  muscles  and  that 
the  prostate  be  pushed  downward  by  prevesical  pressure. 

In  order  to  obviate  the  suprapubic  incision  numerous  instruments 
have  been  devised  to  draw  the  prostate  down  into  the  perineal  wound, 
among  which  may  be  mentioned  the  rubber  balloon  of  Syms,  the  dfeen- 
claveurs  of  Delbet,  Albarran,  dePezzer,  and  Legueu  (1901  and  1902), 
and  the  tractors  of  Young  and  Lydston  (1903).  We  have  not  space  to  go 
into  the  details  of  the  various  methods  which  have  been  proposed.  The 
operation  as  employed  by  Syms  and  Bryson  was  similar  to  that  of  Good- 
fellow,  a  blind  enucleation  of  as  much  of  the  prostate  as  possible  through 
the  perineum  with  no  attempt  to  avoid  the  external  sphincter,  the  urethra, 
or  the  ejaculatory  ducts.  The  French  school,  represented  by  Proust 
and  Albarran,  exposed  the  prostate  through  a  transverse  perineal  in- 
cision which  extended  through  the  levator  ani  muscles,  made  an  extensive 
dissection,  opened  the  prostate  upon  a  "d^senclaveur,"  which  was  then 
removed,  and  excised  the  prostate  piecemeal  with  scissors,  the  ejacula- 
tory ducts  being  destroyed  and  ligated  and  the  urethra  only  partially 
preserved. 

The  operation  of  conservative  perineal  prostatectomy  which  was 
presented  by  the  writer  in  the  "Journal  of  the  American  Medical  Associa- 
tion,'*  October  24,  1903,  was  developed  quite  independently  and  without 
knowledge  of  the  work  of  the  French  school,  to  which,  however,  it  bore 
resemblance,  but  only  superficially.  The  tractor,  which  I  have  since 
found  to  be  similar  to  that  of  dePezzer,  is  much  more  powerful  and  is 
used  to  draw  down  the  prostate  and  to  facilitate  the  enucleation  of  the 
three  lobes  of  the  prostate,  whereas  the  French  instruments  were  habitually 
removed  as  soon  as  the  prostatic  urethra  had  been  opened  and  before 
the  enucleation  of  the  prostatic  lobes  began.  As  Proust  and  Albarran 
have  since  discarded  their  operations,  I  will  only  describe  the  technic 
which  I  still  employ. 

Technic  of  the  Operation  of  Conservative  Perineal  Prostatec- 
tomy.— PosUion  of  the  Patient. — The  exaggerated  dorsal  position  of  the 
patient  is  the  most  satisfactory,  and  the  perineal  board  devised'by  Hal- 
sted  is  admirably  suited  for  this  purpose.  The  perineum  should  be  so 
elevated  that  it  is  almost  parallel  with  the  floor,  thus  allowing  excellent 
retraction  of  the  rectum  and  splendid  exposure  of  the  posterior  surface 
of  the  prostate.  After  placing  the  patient  upon  the  table,  before  elevat- 
ing the  thighs,  a  No.  24  F.  sound  should  be  inserted  into  the  posterior 
urethra,  to  be  used  subsequently  as  a  guide  for  urethrotomy.  If  the 
operator  waits  until  the  patient  is  placed  in  the  urethrotomy  position, 
he  will  frequently  find  it  difficult  to  introduce  the  sound  through  the 
triangular  ligament. 

Cutaneous  Incision, — The  inverted  V  cutaneous  incision  unquestiona- 
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bly  gives  a  much  better  exposure  than  a  median  incision.  The  apex 
should  be  just  over  the  posterior  part  of  the  bulb,  about  two  inches  ia 
front  of  the  anus,  and  the  lateral  branches  directed  outward  and  back- 
ward parallel  to  the  ischiopubic  ramus,  each  about  two  inches  in  length, 
as  shown  in  Fig.  229.  The  incisions  are  carried  through  the  skin,  fat,  and 
superficial  fascia,  and  then  by  blunt  dissection  with  the  handle  of  the 
scalpel  and  the  index-finger  of  the  left  hand  the  space  to  each  side  of  the 
central  tendon  is  opened  up.  In  this  way  it  is  very  simple  to  open  up  by 
blunt  dissection  very  quickly  a  space  on  each  side  reaching  as  far  as  the 
triangular  ligament.  In  so  doing  the  levator  ani  is  pushed  backward 
and  outward  on  each  side  and  the  transversus  perinei  muscles  are  pushed 
forward. 

Exposure  of  the  Membranous  Urethra, — The  bifid  retractor  is  inserted 

as  shown  in  Fig. 
230;  traction 
upon  this  instru- 
ment gives  an 
excellent  expo- 
sure of  the  nar- 
row band  of 
central  muscle 
and  tendon  and 
greatly  facilitates 
the  division  close 
to  the  bulb  with- 
out injuring  this 
hemorrhagic 
structure.  After 
the  central  ten- 
don has  been 
completely  div- 
ided and  the  pos- 
terior surface  of 
the  bulb  freed,  it 

is  well  to  insert  a  retractor,  by  which  the  bulb  is  drawn  upward  and  a 
better  view  obtained  of  the  recto-urethralis  muscle,  which  lies  between 
the  two  branches  of  the  levator  ani  and  covers  the  membranous  urethra, 
toward  -which  it  draws  the  anterior  wall  of  the  rectum.  In  dividing 
the  recto-urethraUs  muscle  care  should  be  taken  not  to  injure  the 
rectum,  which  is  often  drawn  forward  so  that  it  lies  almost  in  front 
of  the  membranous  urethra.  It  nearly  always  covers  the  apex  of  the 
prostate.  As  soon  as  the  recto-urethralis  has  been  thoroughly  divided 
it  is  easy  by  blunt  dissection  to  push  the  rectum  backward  and  thus 
obtain  a  good  view  of  the  membranous  urethra,  the  bulb  being  drawn 
forward  along  with  the  muscular  structures  of  the  triangular  ligament. 
The  membranous  urethra  is  then  opened  upon  the  sound  (Fig.  231)  and 
the  edges  picked  up  with  ordinary  clamps,  being  sure  to  secure  the 
mucous  membrane.     A  sound  is  then  inserted  into  the  bladder  through 


Fig.  229. — The  Ikvertkd  V  Cutankous  Incision. 
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the  urethral  wound  (an  assistant  having  withdrawn  the  sound  from 


Fig.  230. — Showing  Bifid  Retractor,  Expohinu  and  Making  Tknsion  on  the  (Central  Tendon. 


Fig.  231. — Opening  ok  Urethra  on  Sound,  Preparatory  to  Introduction  or  Tractor. 

the  anterior  urethra),  to  open  up  the  way  for  the  prostatic  tractor. 
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which  is  then  inserted  into  the  bladder  through  the  perineal  urethrotomy 
wound.  Owing  to  the  rectangular  shape  of  this  instrument  (Fig.  232) 
it  is  sometimes  difficult  to  insert.  Sometimes  it  is  well  to  begin  its  in- 
troduction with  the  beak  turned  backward,  and  then  to  rotate  the  in- 
strument 180  degrees  before  carrying  it  into  the  bladder.  After  the 
instrument  has  penetrated  into  the  prostatic  urethra  it  is  generally 
advisable  to  remove  the  anterior  bulb  retractor,  and  thus  allow  the  shaft 
of  the  tractor  to  be  carried  farther  forward.  As  a  rule,  little  difficulty  is 
experienced  in  inserting  the  tractor  if  one  has  been  careful  to  secure  the 


Fig.  232. — Youkg'b  Prostatic  Tractor  Closed. 

edges  of  the  mucosa  of  the  membranous  urethra.  After  reaching  the 
bladder  the  blades  of  the  tractor  are  opened  out  by  means  of  the  external 
handles  (Fig.  233),  and  after  being  fixed  in  this  position  by  means  of  a 
set  screw,  traction  is  made  upon  the  prostate,  and  the  further  separa- 
tion of  the  rectum  from  the  posterior  surface  of  the  prostate  made. 
After  dividing  the  recto-urethralis  muscle  and  exposing  the  apex  of  the 
prostate  one  generally  finds  it  necessary  to  use  the  knife  to  divide  a  layer 
of  fibrous  tissue  which  Hes  behind  the  posterior  surface  of  the  prostate. 
After  this  (the  posterior  layer  of  Denonvilliers'  fascia)  has  been  divided 


Fig.  233.— Tractor  Opened  Out. 

the  rectum  can  be  more  easily  pushed  backward,  and  one  enters,  gener- 
ally with  ease,  into  the  space  between  the  two  layers  of  Denonvilliers' 
fascia,  and  the  smooth  glistening  surface  of  the  prostate  is  exposed. 
When  this  layer  is  properly  exposed,  no  difficulty  whatever  is  experi- 
enced in  rapidly  freeing  the  entire  posterior  surface  of  the  prostate  and 
seminal  vesicles,  a  good  view  of  which  is  obtained  at  once  by  the  inser- 
tion of  a  broad  angular  retractor,  such  as  is  shown  in  Fig.  234. 

Incision  of  Capsule. — Lateral  retractors  are  so  placed  that  with  poste- 
rior retractors  drawing  the  rectum  backward  and  the  prostatic  tractor 
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drawing  the  gland  outward  a  splendid  exposure  of  the  posterior  surface 
of  the  prostate  is  obtained.  An  incision  is  then  made  through  the  capsule 
on  each  side  of  the  median  line  for  almost  the  entire  length  of  the  posterior 
surface  and  about  1.5  cm.  deep.  These  incisions  are  about  1.8  cm.  dis- 
tant behind  and  1.5  cm.  distant  in  front,  as  shown  in  Fig.  235.  The 
bridge  of  tissue  which  lies  between  them  contains  the  ejaculatory  ducts 
and  the  floor  of  the  urethra.  The  advantage  of  these  deep  incisions  is 
that  it  brings  us  to  the  side  of  the  urethra,  where  separation  from  the 
internal  surface  of  the  prostatic  lobes  can  be  easily  begun. 

Enudeaium  of  the  Lateral  Lobes. — ^This  is  begun  with  a  blunt  dissector, 
the  capsule  being  first  elevated  from  the  posterior  and  external  surface 
of  the  lateral  lobes  on  each  side.  In  a  similar  way  the  urethra  and  exter- 
nal surfaces  of  the  lateral  lobes  should  be  separated.  At  the  apex  of 
each  lateral  lobe  firm  adhesions  to  the  capsule  are 
present,  and  it  is  advisable  to  divide  these  with 
scissors.  It  is  then  best  to  insert  the  index-finger  and 
continue  the  enucleation  first  along  the  anterior  sur- 
face of  the  prostate  until  the  bladder  is  reached,  and 
then  laterally  and  internally  until  finally  the  entire 
lateral  lobes  are  enucleated.  During  this  procedure 
the  tractor  is  of  great  assistance,  not  only  in  draw- 
ing down  the  prostate,  but  the  shaft  shows  the 
position  of  the  urethra  and  the  intravesical  blade  and 
the  position  of  the  vesical  mucosa,  so  that  the  operator 
is  able  to  avoid  tearing  into  both  these  structures. 
Occasionally  it  is  advisable  to  grasp  the  lobe  during 
the  process  of  enucleation  with  lobe  forceps  (Fig.  235) 
which  are  entrusted  to  an  assistant  who  makes  trac- 
tion upon  them.  In  enucleating  the  lateral  lobes  it 
is  important  to  leave  nothing  behind,  and  particular 
care  should  be  taken,  especially  anteriorly,  as  it  is  an 
easy  matter  to  overlook  a  portion  of  the  gland  in  this 
region. 

The  Enucleation  of  the  Middle  Lobe, — After  the 
lateral  lobes  have  been  shelled  out  attention  should 
be  directed  to  the  median  portion  of  the  prostate.  If  a  definite  rounded 
lobe  is  present  (and  the  previous  cystoscopic  examination,  which  should 
always  be  made,  will  tell  what  is  to  be  expected),  it  is  generally  pos- 
sible to  engage  it  with  one  blade  of  the  tractor  in  the  bladder,  and 
by  rotation  and  traction  to  deliver  it  into  one  of  the  lateral  cavities, 
sometimes  with  the  assistance  of  an  index-finger,  as  shown  in  Fig.  236. 
In  this  position  the  lobe  can  generally  be  grappled  with  a  lobe  forceps 
and  enucleated  without  injuring  the  ejaculatory  ducts  behind  it  or  the 
vesical  mucous  membrane  covering  it.  Occasionally  small  tears  are 
made  into  the  urethra,  but  these  are  of  no  consequence.  Very  little 
difficulty  is  thus  experienced  in  shelling  out  median  lobes  of  considerable 
size  (in  several  cases  they  were  three  inches  in  diameter).  In  many 
instances,  however,  the  median  enlargement  is  in  the  shape  of  a  trans- 
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verse  bar  which  cannot  be  enucleated  effectively  with  the  blade  of  the 
tractor  in  the  bladder.  In  such  cases  it  is  often  wise  to  pick  up  this 
portion  of  the  prostate  with  a  sharp  hook  through  one  of  the  lateral 
cavities,  as  shown  in  Fig.  237,  and  then  to  begin  to  separate  first  from 
the  ejaculatory  ducts  which  lie  behind  it  and  then  from  the  urethra 
in  front  of  it.  After  being  partly  freed  it  can  be  grappled  with  small 
hemorrhoid  clamps  and  removed  with  little  difficulty,  generally  by  blunt 
dissection,  but  sometimes  with  the  aid  of  scissors.  Removal  of  the  median 
lobe  leaves  a  cavity  communicating  with  two  lateral  cavities  in  front  of 
the  ejaculatory  ducts,  and  behind  the  urethra. 

Insertion  of  the  Finger  into  the  Bladder. — It  is  next  advisable  to  examine 
the  condition  of  the  vesical  orifice  and  sphincter  with  the  finger,  as  it  is 


Flo.   235.— Enucleation    of   Lobf.b.     Forceps  in   Position. 

not  infrequent  to  find  a  sclerotic  band  around  the  vesical  orifice.  As  a 
rule,  a  linear  tear  has  been  made  along  one  of  the  lateral  walls  of  the  ure- 
thra, and  through  this  the  finger  can  be  introduced  into  the  bladder. 
It  is  often  found  to  be  tightly  gripped,  sometimes  by  a  firm  fibrous  band 
which  requires  considerable  force  before  it  will  give  way  sufficiently  to 
allow  the  finger  to  enter  the  bladder.  In  such  ciises  it  is  well  to  thoroughly 
dilate  the  vesical  orifice  with  the  finger  and  with  forceps.  A  careful 
examination  should  be  made  as  to  the  conditions  around  the  orifice, 
fii-st  to  see  whether  the  median  portion  of  the  prostate  has  been  com- 
pletely removed,  whether  a  bar  or  any  valve-like  structure  remains  to 
lead  to  subsequent  obstruction  to  urination.  The  intravesical  portions 
of  the  lateral  lobes  should  then  be  examined,  and  if  any  portion  remains 
it  should  be  removed,  using  the  finger  as  a  tractor  to  draw  forward  and 
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cause  it  to  present  the  remaining  portion.    Care  of  this  sort  prevents 
leaving  any  portion  of  the  gland  which  might  in  the  future  give  trouble. 


Fio.  236. — Showing  Technic  or  Dklivery  of  Middle  Lobe  into  Cavity  of  Left  Lateral  Lobe. 

It  is  also  well  to  sweep  the  finger  through  the  bladder  cavity,  searching 
for  interesting  conditions,  calculi,  diverticula,  etc. 
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Removal  of  CalcidiLs, — If  a  calculus  has  been  shown  to  be  present  by 
the  cystoscope,  or  if  its  presence  has  been  suspected  but  not  demon- 
strated, it  is  well  to  insert  a  stone  forceps  after  thorough  dilatation  of  the 
vesical  orifice,  and  with  the  finger  as  described  above.  When  a  calculus 
is  caught,  it  is  generally  easy  to  remove  it  through  a  dilated  urethral 
orifice.  If,  however,  it  is  too  large,  it  will  be  necessary  to  divide  one 
lateral  wall  of  the  urethra,  and  possibly  a  small  portion  of  the  structxires 
sunDxmding  the  vesical  orifice,  as  shown  in  Fig.  238.  Through  such  at 
incision  with  additional  dilatation  it  is  easy  to  remove  a  calculus  twc 
inches  in  diameter,  and  if  the  vesical  mucosa  be  divided  upon  the  anterioi 
surface  of  the  calculus  (traction  being  maintained  with  the  stone  forceps) 
calcuU  of  very  great  size  can  be  removed  without  much  difficulty.  Ie 
the  case  of  small  stones  it  is  not  necessary  to  place  any  sutures  after  the 
removal  of  the  calculus.     In  cases  where  it  has  been  necessary  to  divide 

sphincteric  structures  or  very  greatlj 
dilate  the  prostatic  orifice  it  seems 
advisable  to  reunite  these  structures 
pK  I  with  one  or  two  sutures  of  catgut 

I    \  I  which  can  be  placed  without  much 

\   \    -^       1      ^x  difficulty.     A  *' gall-bladder  scoop' 

'    '        i  ^'  ^  -  is  an  excellent  instrument  with  which 

to  search  the  bladder  for  small  cal- 
culi, fragments,  etc. 

Closure. — After  the  operator  has 
made  certain  that  the  lateral  and 
median  lobes  have  been  thoroughly 
removed,  that  the  vesical  orifice  is 
well  dilated,  and  that  no  calculi  re- 
main, double  drainage  of  the  bladdei 
through  the  prostatic  urethra  should 
be  provided.  For  this  purpose  it  is 
best  to  use  two  large  catheters,  the 
eyes  of  which  have  been  enlarged 
and  their  ends  sewed  together  after  being  obliquely  divided,  so  that 
they  form  a  common  point  and  can  thus  be  easily  introduced.  One  ol 
the  catheters  is  at  once  connected  up  with  a  fountain  syringe  and  the 
bladder  thoroughly  washed  clean  of  blood.  One  or  both  of  the  catheters 
may  become  plugged  with  clots,  but  by  "stripping'*  the  catheter  strong 
suction  is  obtained  and  the  clots  easily  evacuated.  The  lateral  cav- 
ities are  then  carefully  packed  with  gauze,  a  single  three-inch  strip  being 
used  on  each  side  and  care  being  taken  to  pack  only  the  interior  oi 
the  prostatic  capsule,  the  ends  of  the  gauze  being  brought  out  along 
with  the  rubber  tubes.  The  catheters  and  gauze  wicks  are  then  drawn 
forward  by  a  retractor  while  an  examination  is  made  of  the  anterior  wall 
of  the  rectum;  the  index-finger  of  the  right  hand,  which  has  been 
covered  with  a  rubber  glove,  being  inserted  into  the  rectum  and  a  digital 
examination  of  the  rectal  wall  thus  thoroughly  made.  If  the  operation 
has  been  carefully  performed,  no  injury  to  the  rectal  wall  will  be  discov- 


FiG.    237. — Showino    Removal 
BROus  Median  Bar, 
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ered,  but  occasionally  in  the  earlier  operations  I  found  that  the  rectal 
wall  has  been  injured  in  separating  it  from  the  apex  of  the  prostate.  In 
such  cases  it  is  advisable  at  once  to  close  the  rent  with  two  or  three  layers 
of  sutures,  the  deep  layer  being  of  fine  silk,  the  others  of  catgut,  and  to 
finally  reinforce  by  sutures  drawing  together  the  levator  ani  muscles  over 
the  rectal  wound.  Unless  a  careful  examination  of  the  rectal  wall  is 
made,  even  a  small  tear  is  almost  certain  to  result  in  a  recto-urethral 
fistula. 


Fig.  238. — Division  of  Lateral  Wall  of  Urethra  to  Allow  Extraction  op  Largk  Calculus 
Through  Left  Lateral  Cavitv. 


It  is  e;ctremely  important  to  draw  the  levator  ani  muscles  together 
in  front  of  the  rectum  in  order  to  restore  them  to  their  normal  position, 
and  thus  give  the  rectum  the  support  which  they  normally  furnish.  This 
can  be  done  by  means  of  a  single  suture  of  catgut,  as  shown  in  Fig.  239. 
The  support  which  this  firm  muscular  buttress  furnishes  to  the  rectum 
is  of  great  importance  and  should  never  be  neglected.  The  skin  is  then 
closed  with  interrupted  sutures  of  catgut,  about  four  on  each  side,  leav- 
ing the  gauze  and  tube  drainage  to  emerge  from  the  apex  of  the  wound ^ 
to  which  the  tubes  are  fastened  by  suture. 

Continuous  Irrigation, — Continuous  irrigation  of  the  bladder  (in  one 
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tube  and  out  the  other)  is  beg:un  as  soon  as  the  drainage-tubes  have  been 
inserted  and  continued  until  the  wound  is  sutured.  If  the  fluid  escaping 
is  almost  free  from  blood,  the  irrigation  is  discontinued  and  both  tubes 
clamped,  leaving  the  bladder  more  or  less  full  of  fluid  (so  as  to  prevent 
early  clotting),  and  the  patient  at  once  returned  to  the  ward,  where 
continuous  irrigation  is  again  begun  as  soon  as  he  has  been  placed  in  bed. 
I  employ  an  iron  stand  to  support  a  porcelain  tank  holding  two  gallons, 
and  filled  with  salt  solution  at  a  temperature  of  about  125®  F.  This  is 
connected  by  means  of  a  rubber  tube  with  one  of  the  drainage-tubes, 
while  the  other  is  connected  with  a  tube  leading  into  the  receptacle 


Fig.  239. — Approximation  of  Levator  Ani  Mubcles  with  Singlk  Suture  op  Catgut. 


beneath  the  bed.  At  first  a  fairly  rapid  irrigation  of  the  bladder  is  main- 
tained, but  as  the  amount  of  blood  diminishes  the  inflow  can  be  gradually 
made  less  and  less  by  simply  clamping  off  more  of  the  tube  leading  from 
the  tank  (a  simple  hemostat  being  used).  Several  hours  later  if  the  fluid 
comes  away  perfectly  clear  the  irrigation  may  be  discontinued.  The 
replenishment  of  the  tank  with  sterile  salt  solution  is  not  a  difficult  matter. 
For  this  purpose  several  kettles  are  made  use  of,  the  salt  solution  being 
thus  steriUzed  by  boiling,  but  not  poured  into  the  receptacle  until  it  is 
cooled  off  or  has  been  mixed  with  a  cold  solution.  If  at  any  time  one  of 
the  tubes  becomes  plugged  with  a  clot,  proper  drainage  can  be  generally 
established  by  reversing  the  irrigation.     If  this  does  not  succeed,  the 
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clot  can  often  be  drawn  out  by  suction  obtained  by  stripping  the  catheter 
as  above  described.  If,  however,  care  is  taken  to  provide  sufficiently 
free  irrigation  while  the  blood  is  at  all  abundant,  no  such  difficulty  should 
arise.  When  a  single  drainage-tube  is  employed,  although  of  large  size, 
it  almost  always  becomes  plugged  with  blood,  and  in  my  earlier  cases 
great  difficulty  was  experienced  in  evacuating  blood  from  the  blad- 
der and  restoring  drainage  until  the  method  of  double  drainage  with 
continuous  irrigation  was  adopted. 

Infusimis, — It  is  extremely  important  to  keep  up  vascular  tension 
after  the  operation  in  all  of  the  cases,  in  order  to  prevent  operative  shock 
and  suppression  of  urine.  For  this  purpose  it  is  wise  to  have  the 
patient  drink  an  abundance  of  water  up  to  the  time  of  the  operation, 
and  if  his  condition  is  at  all  serious  to  begin  a  submammary  saline  infu- 
sion when  he  is  placed  upon  the  table.  If  these  precautions  are  taken, 
operative  shock  should  never  occur,  and,  in  fact,  in  two  hundred  and 
thirty  cases  it  has  been  present  only  three  times,  and  in  all  of  these  cases 
spinal  anesthesia  had  been  employed.  The  exaggerated  dorsal  position 
has,  however,  much  to  do  with  the  maintenance  of  good  arterial  tension, 
which  usually  remains  strong  even  in  cases  where  considerable  blood  is 
lost.  The  submammary  infusion,  if  not  given  on  the  table,  is  always 
given  on  the  return  of  the  patient  to  the  ward,  about  700  c.c.  being  the 
amount  received  by  the  patient.  He  is  urged  to  drink  water  in  abundance, 
at  least  two  liters  daily,  and  if  on  account  of  nausea  or  any  other  reason 
he  is  unable  to  take  enough  water  by  mouth,  it  is  given  by  rectum  or  by  a 
submammary  infusion  every  day  or  two.  The  use  of  the  small  rubber 
catheter  connected  with  a  very  slightly  elevated  supply  of  salt  solution 
has  been  found  most  satisfactory  in  introducing  salt  solution  into  the 
rectum.  The  catheter  has  given  very  little  discomfort  and  the  patient 
has  generally  absorbed  a  large  amount  of  fluid  without  expelling  it. 

Management  of  the  Wound. — ^The  gauze  packing  should  be  removed 
about  eighteen  hours  after  the  operation.  Before  this  is  done  it  is  gener- 
ally wise  to  begin  anew  the  continuous  irrigation,  which  should  be  allowed 
to  flow  while  the  gauze  is  removed  and  several  hours  later  until  all  bleed- 
ing has  ceased.  Unless  this  is  done  fresh  hemorrhage,  which  usually 
occurs  with  removal  of  the  gauze,  may  lead  to  obstruction  of  the  urethra 
and  bladder.  The  tubes  should  usually  be  removed  four  or  five  hours 
after  extraction  of  the  gauze,  and  no  further  packing  or  drainage  should 
be  necessary.  For  several  days  most  of  the  urine  escapes  through  the 
perineal  fistula,  and  the  dressings  should  be  changed  sufficiently  often 
to  keep  the  patient  comfortable,  the  wound  being  washed  with  a  boric 
solution  several  times  daily  to  prevent  infection.  It  is  remarkable, 
however,  that  the  sutured  portions  of  the  wound  seldom  break  down  even 
when  the  urine  escaping  through  the  open  wound  is  of  a  very  foul  character. 
In  a  short  time  more  and  more  urine  will  begin  to  flow  through  the  anterior 
urethra,  and  the  perineal  fistula  will  finally  heal.  This  occurs  generally 
within  three  weeks,  sometimes  as  soon  as  five  days,  and  often  within  two 
weeks. 

Outdoor  Treatment. — It  is  extremely  important  that  these  patients 
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which  is  then  inserted  into  the  bladder  through  the  perineal  urethrotomy 
wound.  Owing  to  the  rectangular  shape  of  this  instrument  (Fig.  232) 
it  is  sometimes  difficult  to  insert.  Sometimes  it  is  well  to  begin  its  in- 
troduction with  the  beak  turned  backward,  and  then  to  rotate  the  in- 
strument 180  degrees  before  carrj'^ing  it  into  the  bladder.  After  the 
instrument  has  penetrated  into  the  prostatic  urethra  it  is  generally 
advisable  to  remove  the  anterior  bulb  retractor,  and  thus  allow  the  shaft 
of  the  tractor  to  be  carried  farther  forward.  As  a  rule,  little  difficulty  is 
experienced  in  inserting  the  tractor  if  one  has  been  careful  to  secure  the 


Fig.  232. — Young's  Prostatic  Tractor  Closed. 

edges  of  the  mucosa  of  the  membranous  urethra.  After  reaching  the 
bladder  the  blades  of  the  tractor  are  opened  out  by  means  of  the  external 
handles  (Fig.  233),  and  after  being  fixed  in  this  position  by  means  of  a 
set  screw,  traction  is  made  upon  the  prostate,  and  the  further  separa- 
tion of  the  rectum  from  the  posterior  surface  of  the  prostate  made. 
After  dividing  the  recto-urethralis  muscle  and  exposing  the  apex  of  the 
prostate  one  generally  finds  it  necessary  to  use  the  knife  to  divide  a  layer 
of  fibrous  tissue  which  lies  behind  the  posterior  surface  of  the  prostate. 
After  this  (the  posterior  layer  of  Denonvilliers'  fascia)  has  been  divided 


Fio.  233. — ^Tractor  Opened  Out. 

the  rectum  can  be  more  easily  pushed  backward,  and  one  enters,  gener- 
ally with  ease,  into  the  space  between  the  two  layers  of  Denonvilliers' 
fascia,  and  the  smooth  glistening  surface  of  the  prostate  is  exposed. 
When  this  layer  is  properly  exposed,  no  difficulty  whatever  is  experi- 
enced in  rapidly  freeing  the  entire  posterior  surface  of  the  prostate  and 
seminal  vesicles,  a  good  view  of  which  is  obtained  at  once  by  the  inser- 
tion of  a  broad  angular  retractor,  such  as  is  shown  in  Fig.  234. 

Incision  of  Capsule. — I^ateral  retractors  are  so  placed  that  with  poste- 
rior retractors  drawing  the  rectum  backward  and  the  prostatic  tractor 
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drawing  the  gland  outward  a  splendid  exposure  of  the  posterior  surface 
of  the  prostate  is  obtained.  An  incision  is  then  made  through  the  capsule 
on  each  side  of  the  median  line  for  almost  the  entire  length  of  the  posterior 
surface  and  about  1.5  cm.  deep.  These  incisions  are  about  1.8  cm.  dis- 
tant behind  and  1.5  cm.  distant  in  front,  as  shown  in  Fig.  235.  The 
bridge  of  tissue  which  lies  between  them  contains  the  ejaculatory  ducts 
and  the  floor  of  the  urethra.  The  advantage  of  these  deep  incisions  is 
that  it  brings  us  to  the  side  of  the  urethra,  where  separation  from  the 
internal  surface  of  the  prostatic  lobes  can  be  easily  begun. 

Enudeaiion  of  the  Lateral  Lobes. — ^This  is  begun  with  a  blunt  dissector, 
the  capsule  being  first  elevated  from  the  posterior  and  external  surface 
of  the  lateral  lobes  on  each  side.  In  a  similar  way  the  urethra  and  exter- 
nal surfaces  of  the  lateral  lobes  should  be  separated.  At  the  apex  of 
each  lateral  lobe  firm  adhesions  to  the  capsule  ai'e 
present,  and  it  is  advisable  to  divide  these  with 
scissors.  It  is  then  best  to  insert  the  index-finger  and 
continue  the  enucleation  first  along  the  anterior  sur- 
face of  the  prostate  until  the  bladder  is  reached,  and 
then  laterally  and  internally  until  finally  the  entire 
lateral  lobes  are  enucleated.  During  this  procedure 
the  tractor  is  of  great  assistance,  not  only  in  draw- 
ing down  the  prostate,  but  the  shaft  shows  the 
position  of  the  urethra  and  the  intravesical  blade  and 
the  position  of  the  vesical  mucosa,  so  that  the  operator 
is  able  to  avoid  tearing  into  both  these  structures. 
Occasionally  it  is  advisable  to  grasp  the  lobe  during 
the  process  of  enucleation  with  lobe  forceps  (Fig.  235) 
which  are  entrusted  to  an  assistant  who  makes  trac- 
tion upon  them.  In  enucleating  the  lateral  lobes  it 
is  important  to  leave  nothing  behind,  and  particular 
care  should  be  taken,  especially  anteriorly,  as  it  is  an 
easy  matter  to  overlook  a  portion  of  the  gland  in  this 
region. 

The  Enudeaiion  of  the  Middle  Lobe, — After  the 
lateral  lobes  have  been  shelled  out  attention  should 
be  directed  to  the  median  portion  of  the  prostate.  If  a  definite  rounded 
lobe  is  present  (and  the  previous  cystoscopic  examination,  which  should 
always  be  made,  will  tell  what  is  to  be  expected),  it  is  generally  pos- 
sible to  engage  it  with  one  blade  of  the  tractor  in  the  bladder,  and 
by  rotation  and  traction  to  deliver  it  into  one  of  the  lateral  cavities, 
sometimes  with  the  assistance  of  an  index-finger,  as  shown  in  Fig.  236. 
In  this  position  the  lobe  can  generally  be  grappled  with  a  lobe  forceps 
and  enucleated  without  injuring  the  ejaculatory  duct.s  behind  it  or  the 
vesical  mucous  membrane  covering  it.  Occasionally  small  tears  are 
made  into  the  urethra,  but  these  are  of  no  consequence.  Very  little 
difficulty  is  thus  experienced  in  shelling  out  median  lobes  of  considerable 
size  (in  several  cases  they  were  three  inches  in  diameter).  In  many 
instances,  however,  the  median  enlargement  is  in  the  shape  of  a  trans- 
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Mortality. — I  have  now  (December  1, 1907)  had  one  hundred  and  ten 
consecutive  cases  of  perineal  prostatectomy  without  a  death,  and  the  total 
is  now  two  hundred  and  thirty-seven  cases  with  seven  deaths,  a  mortality 
of  2.9  per  cent.  In  none  of  the  cases  was  the  death  directly  in  conse- 
quence of  the  operation,  as  shown  by  the  fact  that  one  occurred  during 
the  fifth  week,  two  during  the  fourth  week,  three  during  the  third  week, 
and  only  one  during  the  second  week  after  the  operation.  The  cause  of 
death  was  pulmonary  thrombosis,  one  case;  hjrpostatic  congestion  of 
the  lungs,  two  cases;  pneumonia,  one  case;  pyonephrosis,  two  cases; 
secondary  hemorrhage  from  a  vesical  ulcer  on  the  eighth  day  after  the 
operation,  one  case.  All  but  one  of  these  patients  were  in  a  very  weak 
condition  before  the  operation,  and  two  were  over  eighty  years  of  age,  one 
eighty-seven.  Two  were  markedly  uremic  and  were  operated  upon  as 
a  last  resort. 

In  the  first  series  of.  one  hundred  and  sixty-three  cases  eighteen  were 
described  as  being  in  a  very  weak  condition,  and  in  seven  marked  em- 
physema of  the  lungs  was  present.  Marked  arteriosclerosis  was 
present  in  six  cases,  associated  with  angina  pectoris  in  one  case  and 
hemiplegia  in  another.  In  twenty-two  cases  heart  murmurs  and  other 
evidences  of  old  endocarditis  were  present,  and  in  eight  cases  the  heart 
was  enlarged  although  no  murmurs  were  heard.  Pyonephrosis  was 
present  in  eight  cases,  and  in  ten  cases  granular  casts  were  found  in  the 
urine. 

In  the  last  series  of  one  hundred  and  forty-six  consecutive  cases  there 
has  been  only  one  death,  all  the  other  patients  having  gone  home.  The 
ages  of  these  patients  were  as  follows: 

Under  50  years  of  age 10  cases. 

50  to  59  "  "  *'  29      " 

60   "   69  "  '*  "   57      " 

70   "    74  "  "  "  23      " 

75   "    79  "  "  *•   20      " 

80   "   84  "  "  "  6      •* 

89  •'  "  "   1  case. 

Many  of  these  patients  were  in  far  from  good  condition  before  the 
operation.  In  nine  cases  cardiac  murmurs  of  marked  degree  were  present 
and  in  eight  the  heart  was  enlarged.  Several  cases  showed  marked  evi- 
dences of  myocarditis  and  in  others  a  history  of  severe  attacks  of  angina 
pectoris  was  present.  One  patient  suffered  with  double  pulmonary 
tuberculosis;  in  several  cases  unmistakable  evidences  of  severe  renal  infec- 
tion were  present,  and  in  four  of  these  the  patients  were  very  uremic  when 
admitted  to  the  hospital.  In  a  recent  case  the  residual  urine  was  2500 
c.c,  and  for  two  weeks  before  operation  the  patient  was  desperately  ill 
with  hiccough,  nausea,  vomiting,  and  other  signs  of  uremia.  At  the  end 
of  three  weeks,  however,  he  was  operated  upon  and  has  left  the  hospital 
entirely  well.  The  single  fatal  result  was  in  a  man  sixty-six  years  of  age 
who  gave  a  history  of  intermittent  attacks  of  hiccup,  nausea,  and 
vomiting,  during  several  of  which  he  had  almost  succumbed.  He  had 
never  been  catheterized  and  there  was  constant  dribbling  of  urine  with  a 
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residual  of  800  c.c.  During  four  days  in  which  he  was  treated  by  frequent 
catheterization  he  seemed  to  improve  and  the  operation  was  therefore 
carried  out,  but  immediately  after  the  operation  he  became  nauseated  and 
continued  to  have  hiccup,  nausea,  and  vomiting  for  ten  days,  at  the  end 
of  which  time  he  died.  Autopsy  showed  pyonephrosis,  marked  dilatation 
of  the  kidneys  and  ureters,  dilatation  of  the  stomach,  transposition  of  the 
liver,  and  other  abnormalities.  Despite  the  apparently  hopeless  condi- 
tion shown  at  autopsy  I  believe  that  had  I  carried  out  preliminary 
drainage  of  the  bladder  through  a  catheter  for  a  longer  period  and  used 
infusions  more  frequently  after  operation  he  could  have  been  cured.  Up 
to  the  time  of  his  death  there  had  been  one  himdred  and  twenty-eight 
consecutive  cases  without  a  death,  which  is  sufficient  to  show  that  the 
operation  is  practically  free  from  danger  and  produces  little  if  any 
shock. 

There  have  now  (April  26, 1908)  been  two  himdred  and  seventy-three 
cases  with  eight  deaths,  a  mortaUty  of  2.8  per  cent.  Seven  of  these  deaths 
occurred  among  the  first  one  hundred  and  twenty-seven  cases.  Among 
the  last  one  hundred  and  forty-six  cases  there  has  been,  as  stated  above, 
only  one  death. 

No  effort  whatever  has  been  made  to  select  cases  in  order  to  produce 
a  record,  and  during  the  past  two  years  not  more  than  two  or  three  patients 
have  been  refused  operation,  and  these  have  died  in  a  very  short  time 
from  a  rapid  termination  of  the  despev&te  condition  in  which  they  were 
admitted  to  the  hospital. 

The  almost  entire  absence  of  mortality  during  the  past  three  years  I 
attribute  to  the  free  use  of  water  before  and  after  operation,  the  ability 
to  prevent  hemorrhage  by  intracapsular  packing,  the  dependent  drainage 
which  prevents  infection,  and  the  promptness  with  which  the  patient  is 
gotten  out  of  bed. 

These  statistics,  I  believe,  prove  conclusively  that  perineal  prostatec- 
tomy is  not  only  the  safest  operative  procedure,  but  ind^d  much  safer  than 
the  use  of  the  catheter.  There  are  a  certain  fairly  large  number  of  cases  in 
which  the  perineal  method  is  alone  applicable.  These  are  cases  of  small 
hypertrophy  which  do  not  project  into  the  bladder  (and  which  Freyer 
considers  inoperable) ;  cases  with  marked  fibrosis  or  severe  chronic  pros- 
tatitis and  therefore  not  enucleable;  and  cases  with  cancer  present. 
Certain  cases  of  severe  chronic  prostatitis  can  be  quickly  cured  by  peri- 
neal prostatectomy.  When  the  induration  is  great,  cancer  should  gener- 
ally be  suspected,  and  an  exploratory  operation  carried  out.  The  good 
exposure  furnished  through  the  perineum  makes  it  possible  to  examine 
sections  of  the  prostate,  and  to  perform  either  a  conservative  or  a  radical 
operation  as  indicated  by  the  findings.  With  a  mortality  practically  nily 
perineal  prostatectomy  seems  unquestionably  njuch  safer  than  the  Bottini 
operation  and  than  suprapubic  prostatectomy. 

Cancer  of  the  Prostate.— Up  to  1850  very  little  was  known  con- 
cerning cancer  of  the  prostate,  and  Gross,  of  Philadelphia,  was  one  of  the 
first  to  furnish  definite  information  of  the  disease.  The  most  important 
of  all  the  papers  for  many  years  was  that  of  Thompson,  who  in  1881 
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collected  twelve  cases,  and  called  attention  to  the  importance  of  cancer 
of  the  prostate.  Since  then  a  number  of  important  papers  have  appeared, 
but  as  a  whole  the  subject  has  been  lost  sight  of  in  the  mass  of  literature 
upon  prostatic  hypertrophy.  The  most  important  papers  of  recent  date 
are  by  Guyon,  von  Recklinghausen,  Pasteau,  Albarran  and  Hall6,  Motz, 
Kaufmann,  Hawley,  Young,  Pousson,  Montfort,  Hallopeau,  and  Motz 
and  Majewski. 

Frequency, — Until  very  recently  carcinoma  of  the  prostate  has  been 
considered  comparatively  rare.  In  a  recent  report  Wallace  stated  that 
among  sixty-five  cases  operated  upon  suprapubically,  nine  were  found 
to  be  carcinoma  (14  per  cent.).  In  the  five  years  between  October, 
1902,  and  October,  1907, 1  have  seen  two  hundred  and  fifty  cases  of  benign 
prostatic  hypertrophy  and  sixty-eight  cases  of  carcinoma  of  the  prostate, 
or  21  per  cent,  of  all.  The  proportion  between  cancer  and  hypertrophy 
was  therefore  over  1  to  4.  Of  the  two  hundred  and  fifty  cases  of  h3nper- 
trophy,  I  have  personally  operated  upon  two  hundred  and  thirty,  and 
nearly  all  of  the  remaining  twenty  were  operated  upon  by  assistants. 
In  only  five  cases  did  the  disease  pix)ve  to  be  malignant  when  a  diagnosis 
of  benign  hjrpertrophy  was  made  before  operation.  In  the  light  of  our 
recent  studies,  however,  four  of  these  cases  should  have  been  easily  recog- 
nized, on  account  of  the  stony  hardness  of  the  induration  present.  Most 
of  the  cancer  cases  arrived  when  the  disease  was  well  advanced  and  radi- 
cal operation  out  of  the  question,  but  four  were  early,  and  of  these,  two 
show  no  signs  or  symptoms  of  recurrence  now,  two  and  one  half  years 
after  the  operation  of  radical  excision.  I  am  aware  that  my  figures 
attribute  to  cancer  a  more  frequent  occurrence  than  any  others  in  the 
literature,  but  I  believe  they  represent  the  true  condition;  and  this  does 
not  include  cases  of  *' epithelioma  adenoid"  of  Albarran,  by  which  he  was 
able  to  show  that  14  per  cent,  of  the  supposed  benign  hypertrophy  in  the 
Musde  Guyon  contained  malignant  changes.  If  I  include  cases  in  which 
the  glandular  epithelium  showed  characteristics  which  Albarran  accepted 
as  evidence  of  malignancy,  the  proportion  of  cancer  would  probably  reach 
30  per  cent. 

The  etiology  of  cancer  of  the  prostate  is  as  obscure  as  that  of  cancer 
in  general.  It  appears  at  the  same  age  as  hjrpertrophy  of  the  prostate — 
after  forty  years,  and  most  frequently  between  sixty  and  seventy  years 
of  age.  In  my  cases  there  were  very  few  clinical  cases  which  suggested 
that  possibly  the  disease  had  begun  as  a  benign  hjrpertrophy  and  had 
subsequently  become  malignant,  and  the  almost  total  absence  of  the 
large  intravesical  lateral  lobe  enlargements  which  are  so  common  in 
hypertrophy  confirms  this  view.  The  fact,  however,  that  in  a  careful 
study  of  one  hundred  and  twenty  specimens  removed  by  prostatectomy 
only  one  was  found  in  which  an  area  of  malignancy  was  present  in  an  other- 
wise benign  adenomatous  hjrpertrophy  shows,  I  believe,  that  the  theory 
of  frequent  **  malignant  degeneration"  in  previously  benign  hjrpertrophies 
of  the  prostate  is  not  tenable. 

Pathology. — Albarran  has  recognized  two  forms,  the  circumscribed 
and  the  diffuse  carcinoma  of  the  prostate.     By  the  circumscribed  is  meant 
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that  in  which  the  cancer  has  not  progressed  beyond  the  limits  of  the 
prostatic  capsule,  and  of  this  he  says  there  are  three  varieties:  First, 
those  in  which  one  or  more  nodules  of  cancer  appear  in  an  other- 
wise benign  hypertrophy;  second,  one  in  which  the  prostate  is  not  aug- 
mented in  volume  although  the  neoplasm  infiltrates  the  whole  gland; 
and  third,  one  in  which  the  prostate  is  enlarged  and  irregular  and  com- 
pletely invaded.  The  diffuse  carcinomata  are  those  in  which  the  seminal 
vesicles,  bladder,  rectum,  or  other  adjacent  structures  are  invaded  by 
cancer  which  has  passed  beyond  the  limits  of  the  prostate.  This  form 
has  been  described  under  the  name  of  "prostato-pelvic  carcinosis"  by 
Guyon.  Albarran  and  HaU^  are  of  the  opinion  that  the  development  of 
carcinoma  in  the  lobules  of  an  apparently  benign  hypertrophy  is  not 
uncommon,  and  claim  to  have  discovered  fourteen  cases  in  one  hundred 
specimens  examined.  In  most  of  these  cases  the  macroscopic  appearance 
did  not  suggest  malignancy,  and  the  picture  was  that  of  ordinary  benign 
hypertrophy,  but  with  the  microscope  certain  lobules  were  found  in  which 
the  glandular  epithelium  presented  a  wild  growth  and  certain  involution 
changes  which  they  thought  were  sufficient  to  represent  malignancy. 
For  this  condition  they  proposed  the  term  '^epithelioma  adenoid." 

In  a  careful  study  of  one  hundred  and  twenty  specimens  of  prostates 
removed  by  perineal  prostatectomy,  in  only  one  was  there  found  any  area 
suggesting  carcinoma.  In  this  case  a  small  nodule  about  2  mm.  in  diam- 
eter was  noted  in  an  otherwise  benign  prostatic  hypertrophy.  The 
stroma  was  distinctly  infiltrated  by  the  widely  growing  cells  and  the 
diagnosis  of  carcinoma  was  very  definite.  An  examination,  now  four 
years  after  the  operation,  shows  no  recurrence,  and  would  seem  to  indi- 
cate that  the  other  portions  of  the  prostate  had  not  been  invaded.  We 
have  not  infrequently  found  areas  where  active  gland  proliferation  was 
present,  and  the  papillary  projections  presented  a  wild  profusion  and  slight 
involution  changes,  but  these  have  been  noted  in  adenomata  in  other  re- 
gions, particularly  in  the  breast,  and  we  do  not  believe  necessarily  signify 
malignancy.  In  the  great  majority  of  cases  carcinoma  is  not  associated 
in  any  way  with  hypertrophy  of  the  prostate,  and  all  portions  of  the 
gland  seem  to  be  invaded  very  early.  In  all  of  our  cases  which  came  to 
operation  or  autopsy  this  was  the  case,  and  in  very  few  of  the  cases  seen 
cUnieally  did  it  seem  probable  that  a  portion  of  the  prostate  was  not  in- 
vaded. 

The  most  common  types  present  a  mixture  of  adenocarcinoma  and 
carcinoma  simplex,  this  form  being  present  in  eleven  of  the  eighteen  cases 
in  which  microscopic  examinations  were  made.  Four  of  these  showed 
a  pure  adenocarcinoma  in  some  areas  and  a  scirrhus  in  others.  In  seven 
cases  the  adeno  type  varied  with  extensive  epithelial  infiltration  of  the 
stroma.  In  three  cases  the  neoplasm  was  a  carcinoma  simplex,  in  two 
cases  a  tubular  form  of  adenocarcinoma,  in  two  cases  a  pure  adenocar- 
cinoma, and  in  one  case  a  peculiar  medullary  type  with  a  very  little 
stroma. 

A  study  of  twenty  autopsies  and  operations  shows  that  the  invasion 
is  almost  always  upward  into  the  region  of  the  seminal  vesicles.    The 
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posterior  capsule  of  the  prostate,  which  is  strongly  reinforced  by  the  in- 
corporation of  Denonvilliers'  fascia,  apparently  resists  invasion  for  a  long 
time.  Cancer  cells  are  found  within  the  ejaculatory  ducts,  vasa  de- 
ferentia,  and  seminal  vesicles  when  the  walls  of  these  are  intact,  evidently 
having  traveled  up  these  ducts.  The  lymph-spaces,  nerve-sheaths,  and 
small  blood-vessels  are  also  occasionally  seen  to  be  accompanied  by  cancer 
cells,  and  apparently  assist  in  the  propagation  of  the  disease  in  the  region 
beneath  the  trigone.  In  many  cases  the  bladder  is  not  invaded  at  all, 
and  if  it  is,  the  invasion  is  generally  from  the  region  of  the  trigone.  In 
only  rare  instances  does  the  disease  project  into  the  bladder  in  the 
shape  of  intravesical  lateral  lobules,  but  occasionally  one  sees  a  small, 
rounded,  median  bar  or  lobe  carcinomatous  in  character.  Kaufmann 
found  vesical  ulceration  in  only  five  of  one  hundred  cases.  After  in- 
volving the  seminal  vesicles  the  disease  most  often  travels  upward  and 
outward  along  the  lateral  walls  of  the  pelvis,  occasionally  producing 
glandular  metastases.  Often  with  extensive  involvement  no  metastatic 
glands  can  be  found.  In  one  hundred  autopsies  collected  by  Kaufmann 
glandular  metastases  were  present  in  only  twenty-seven.  Metastases  to 
the  bones,  particularly  of  the  spinal  column,  are  not  uncommon.  The 
urethra  does  not  usually  become  ulcerated  until  late  in  the  disease. 

When  the  cancerous  growth  passes  through  the  prostatic  capsule,  it 
may  invade  the  rectum,  the  membranous  urethra,  and  even  structures 
anterior  to  the  triangular  ligament.  In  one  of  my  recent  cases  the  cor- 
pora cavernosa  were  infiltrated  by  cancer  nearly  up  to  the  glans  penis,, 
producing  a  constant  carcinomatous  priapism. 

Symptomatology. — A  careful  study  of  the  literature  shows  very 
few  statistics  of  value  as  to  the  onset,  course,  and  termination  of  carcinoma 
of  the  prostate,  and  the  following  analytic  study  of  eighty-seven  cases, 
most  of  which  have  been  in  my  private  practice,  has  been  prepared.  The 
ages  were  as  follows: 

45  years 1  case 

Between  50  and  54  years 3  cases 

'^      "     16      " 

25 

19 

2 

8 

3 

1  case 

Total 87  cases 

These  figures  correspond  to  those  of  Sir  Henr>'  Thompson,  who  in  his 
report  of  twelve  cases  in  1860  had  one  case  forty-one  years  of  age;  two 
between  forty  and  fifty;  three  between  fifty  and  sixty;  five  between 
sixty  and  seventy,  and  two  over  seventy,  the  oldest  being  seventy-five 
years  of  age. 

As  shown  by  my  statistics,  the  disease  rarely  comes  on  before  the  age 
of  fifty-five,  and  50  per  cent,  of  the  cases  occur  during  the  decade  between 
sixty  and  sixty-nine.    The  onset  symptoms  were  as  follows  in  my  seriea 


55 

59 

60 

64 

65 

69 

70 

74 

75 

79 

80 

84 

Not  stated.. 
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of  eighty-seven  cases:  Frequency  of  urination  was  present  in  forty-eight 
cases  and  difficulty  of  urination  in  thirty  cases,  in  eight  cases  associated 
with  burning  in  the  urethra.  Complete  retention  of  urine  was  the  onset 
symptom  in  three  cases  and  incontinence  in  one.  In  thirteen  cases  the 
first  symptom  was  paiUf  located  in  the  penis  five  times,  bladder  four  times, 
thigh  four  tim^,  testicle  and  groin  three  times,  hip  three  times,  pubes 
twice,  rectum  once,  legs  once,  and  back  twice.  The  pain  was  generally 
slight  in  character,  but  in  a  few  cases  it  was  severe,  paroxysmal,  and  very 
distressing.  In  severe  cases  the  diagnosis  of  rheumatism,  neuralgia, 
sciatica,  and  lumbago  had  generally  been  made.  Hematuria  was  the 
onset  symptom  in  four  cases,  but  it  was  never  of  a  very  severe  grade.  In 
one  case  the  first  and  only  symptom  during  the  course  of  the  disease  was 
swelling  of  the  right  leg,  caused,  as  examination  showed,  by  extensive 
pelvic  infiltration.  In  this  case  urination  was  normal  and  the  patient 
suffered  no  pain,  although  the  prostate  was  very  large.  In  sixty  cases 
which  were  studied  by  Motz  the  onset  symptom  was  difficulty  of  urination 
in  thirty-eight;  complete  retention  of  urine,  eight;  hematuria,  eight; 
and  neuralgia,  five. 

Duration, — In  all  but  five  of  my  cases  symptoms  had  been  present 
more  than  six  months,  in  fourteen  cases  between  six  and  twelve  months, 
in  fifteen  cases  one  year,  in  twenty-three  cases,  two  years,  in  eleven  cases 
three  years,  in  eight  cases  four  years,  in  two  cases  five  years,  in  one  case 
each  six,  seven,  ten,  twelve  and  twenty  years.  The  patient  in  whom  the 
symptoms  dated  back  to  twenty  years  had  had  difficulty  of  urination  and 
more  or  less  frequent  catheterization  during  that  entire  period. 

Course. — Guyon  recognized  three  forms:  (1)  those  with  a  rapid 
course,  in  which  the  symptoms  may  have  been  present  a  very  short  time; 
(2)  those  following  a  subacute  course,  the  disease  having  been  present 
after  the  tenth  or  twelfth  month;  and  (3)  those  foUowing  a  very  slow 
course  with  a  duration  of  two  or  three  and  even  as  long  as  nine  years. 
In  twenty-six  carefully  studied  cases  Motz  found  that  40  per  cent  of  the 
patients  died  within  seven  months  after  the  onset  symptoms,  seven  lived 
over  a  year,  and  six  for  periods  varying  from  two  to  ten  years.  In  my 
cases  the  course  of  the  disease  was  generally  characterized  by  gradually 
increasing  difficulty  and  frequency  of  urination,  residual  urine,  and  in- 
termittent or  complete  retention  of  urine.  The  use  of  the  catheter  was 
generally  quite  difficult  and  sometimes  impossible.  Pain,  as  a  rule,  came 
on  early  in  the  disease,  most  frequently  in  the  urethra,  sometimes  as  a  mere 
burning  during  urination,  but  often  as  a  sharp  pain,  particularly  at  the 
end  of  urination,  and  radiating  to  the  end  of  the  penis.  The  occasional 
association  of  a  terminal  hematuria  made  one  suspect  vesical  calculus. 
Pain  in  the  rectum,  perineum,  lumbar  region,  sacrum,  hips,  thighs,  groins, 
testicles,  or  legs  came  on  gradually  and  progressively  in  many  of  the 
cases  and  in  a  good  proportion  formed  the  most  prominent  symptom. 

In  my  eighty-seven  cases  the  symptoms  present  on  admission  were  as 
follows:  In  twenty-six  cases  there  was  no  frequency  and  in  ten  no  diffi- 
culty of  urination.  In  five  cases  both  these  symptoms  were  slight.  In 
thirty-seven  cases  there  was  a  very  marked  frequency  of  urination,  often 
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at  intervals  of  only  a  few  minutes.  DiflSculty  of  urination  was  markec 
in  twenty-three  cases.  Twenty-six  had  complete  retention  of  urine  anc 
required  the  use  of  the  catheter  and  fifteen  had  incomplete  retention  o 
urine,  but  employed  the  catheter  from  two  to  six  times  daDy  to  relievi 
the  difficulty  and  frequency  of  urination.  Dribbling  of  urine  was  presen 
in  eight  cases  and  in  two  cases  a  suprapubic  fistula  was  present. 

Pain  was  a  more  or  less  prominent  symptom  in  all  but  twenty  cases 
in  which  it  was  either  absent  or  no  note  was  made  of  it.  In  six  cases  thi 
patient  complained  only  of  a  burning  in  the  urethra,  generally  during  uri 
nation.  The  following  table  shows  the  situation  and  the  severity  of  th< 
pain: 

Region.  Slight.  Moderate.        Severe.        Totai«. 

Urethra 4  4  5  13 

Penis 2  6  6  14 

Perineum 3  1  5                 9 

Bladder 3  5  9  17 

Rectum 4  1  5  10 

Groin 2  3                 5 

Testicle 1  2  3                 6 

Hip 2  4  6  12 

Thigh 1  2  7  10 

Leg 1  5  7  13 

Foot 2  13 

Lumbar 4  5  9 

Sacral 1  2                 3 

Buttocks 1  3  4 

Pubic 3  3                 6 

Renal  colic 1                 1 

The  regional  pains  above  tabulated  most  frequently  occurred  ii 
groups.  Of  these,  the  genito-urinary  was  the  most  common,  and  char 
acterized  by  pain  in  the  bladder,  urethra,  and  penis,  especially  during 
urination.  The  rectum  and  perineum  were  also  often  grouped  together 
and  the  pain  there  was  generally  due  to  pressure  from  the  enlargement  oi 
the  gland,  which  was  often  sufficient  to  greatly  reduce  the  lumen  of  the 
rectum  and  render  defecation  difficult.  The  other  groups  of  symptoms 
may  be  classed  as  referred  rather  than  local.  Among  them  we  notice 
three  distinct  groups.  Those  radiating  to  the  groin  and  testicle,  prob- 
ably through  the  genital  nerves;  those  radiating  to  the  lower  extremities, 
probably  through  the  sciatic  nerves;  and  those  radiating  to  various  por- 
tions of  the  body  through  the  lumbar  nerves.  The  explanation  of  these 
pains  is  probably  the  same  as  that  given  in  the  chapter  on  chronic  pros- 
tatitis, simply  a  reference  of  painful  stimuU  to  other  nerves  running  intc 
the  same  segment  of  the  cord.  As  the  seminal  vesicles  were  involved  in 
the  great  majority  of  the  cases,  it  is  impossible  to  say  that  the  presence  oi 
these  neuralgias  does  not  always  indicate  a  periprostatic  invasion  of  the 
disease,  as  held  by  Motz.  There  were,  however,  two  cases  in  which  nc 
involvement  of  the  seminal  vesicles  was  made  out  in  which  referred  neu- 
ralgias were  present. 

Hematuria  was  not  an  important  symptom,  being  present  in  ten  cases 
— six  slight  and  four  considerable.  Some  of  these  were  associated  with 
vesical  calculus  and  intravesical  growth  of  the  carcinoma.  Hematuria 
seems  to  be  more  suggestive  of  vesical  tumor  or  calculus  than  of  simple 
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cancer  of  the  prostate,  and  is  certainly  not  so  commonly  present  as  in 
cases  of  benign  hypertrophy  of  the  prostate.  (In  an  analytic  study  of 
one  hundred  and  forty-five  cases  I  found  hematuria  present  in  15  per  cent.) 
The  absence  of  hematuria  is  due  to  the  fact  that  carcinoma  of  the  prostate 
does  not  invade  the  bladder  except  in  a  small  proportion  of  cases.  Its 
invasion  is  perivesicular  and  pelvic  rather  than  intravesical. 

Examination. — ^Both  lobes  were  found  to  be  enlarged  in  all  but  one 
case.  In  fifty  cases  the  enlargement  was  about  equal,  but  in  twenty-six 
<;ases  one  lobe  was  larger  than  the  other.  The  enlargement  was  charac- 
terized as  considerable  in  forty-one;  moderate  in  thirty,  and  slight  in 
«even.  As  a  rule,  the  impression  conveyed  was  that  of  a  greater  en- 
largement than  was  actually  present.  This  was  due  to  the  fact  that  the 
^seminal  vesicles,  the  intervesicular  space,  and  sometimes  the  membran- 
ous urethra  were  also  involved  and  formed  one  mass  with  the  prostate. 
The  surface  was  smooth  in  twenty-six  cases;  irregular  in  thirty-six,  and 
nodular  in  thirty-three.  In  many  cases  the  outlines  were  as  regular  and 
definite  as  in  prostatic  hypertrophy  and  there  were  no  nodules  or  irreg- 
ularities present.  Tenderness  was  also  not  a  marked  symptom,  being 
present  in  moderate  degree  in  only  eight  of  the  cases. 

The  practically  universal  finding  was  marked  induration,  the  prostate 
being  described  as  very  hard  in  seventy-three  cases.  In  some  of  the  other 
<;ases  the  notes  were  not  very  carefully  made.  This  induration  was  gen- 
•erally  of  stony  hardness,  almost  incompressible,  and  involving  all  of  the 
prostate.  In  eight  cases  a  few  soft  areas  were  felt  in  the  generally  in- 
<lurated  mass,  but  in  only  one  case  was  an  entire  lobe  soft,  elastic,  and  ap- 
parently uninvolved  in  the  carcinoma.  In  this  case  the  carcinoma  in- 
volved one  lobe  of  the  prostate,  the  seminal  vesicle,  and  adjacent  pelvic 
structures,  and  the  patient  suffered  from  severe  sciatic  pains  on  that  side. 
The  membranous  urethra  was  probably  involved  in  a  large  proportion 
of  cases,  but  careful  examinations  in  this  regard  were  only  made  recently, 
since  which  time  twelve  cases  showing  more  or  less  extensive  involvement 
have  been  discovered.  Not  infrequently  the  disease  involved  the  tri- 
Angular  ligament  and  sometimes  the  bulbous  urethra. 

Notes  as  to  the  condition  of  the  seminal  vesicles  were  not  always  very 
carefully  made,  and  in  ten  cases  no  note  as  to  their  condition  was  re- 
corded. In  five  cases  they  could  not  be  palpated  and  in  six  cases  they 
were  definitely  stated  to  be  uninvolved.  In  eight  cases  only  one  vesicle 
was  found  involved,  but  in  fifty-two  cases  both  were  involved.  The 
space  between  the  seminal  vesicles  has  also  only  recently  received  proper 
attention,  and  no  notes  v/ere  made  on  forty-one  cases.  Among  the  re- 
maining cases  it  was  definitely  stated  to  be  uninvolved  in  nine  and  in- 
volved in  thirty-eight.  The  detection  of  enlarged  glands  in  the  pelvis  is 
often  a  very  difficult  matter.  They  are  usually  found  very  high  up  along 
the  lateral  wall  of  the  pelvis  or  in  the  sacral  fossa,  and  are  often  com- 
pletely masked  by  the  considerable  enlargement  above  the  seminal  vesicles. 
Enlarged  glands  were  definitely  palpated  in  fifteen  cases  in  the  pelvis,  four 
times  in  the  Uiac  region,  twice  in  the  groin,  and  once  in  the  mesentery  of 
the  colon. 
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Clinical  Findings. — Prostate. — In  my  series  of  eighty-seven  cases 
marked  induration  of  the  prostate  was  an  almost  invariable  finding.  In 
the  great  majority  of  cases  it  was  general,  both  lateral  lobes  and  the 
posterior  commissure  being  of  stony  hardness.  In  a  small  proportion  of 
cases  the  induration  was  less  or  a  small  area  which  was  somewhat  soft 
was  found.  The  induration  was  of  much  more  marked  degree  than  is 
almost  ever  seen  in  simple  hypertrophy,  being  of  a  peculiar  unyielding 
density  which  is  almost  pathognomonic.  In  cases  of  hypertrophy  with 
considerable  inflammatory  fibrosis  or  with  small  concretions  or  calculi 
an  induration  suggestive  of  carcinoma  is  sometimes  encountered,  but 
firm  pressure  almost  always  elicits  some  elasticity,  probably  owing  to  ad- 
jacent non-indurated  portions  of  the  gland,  which  is  not  seen  in  carci- 
noma. 

The  popular  idea  that  prostatic  carcinoma  always  presents  an  irregu- 
lar, nodular,  rough  posterior  surface  is  entirely  erroneous.  I  have  seen 
many  cases  in  which  it  was  perfectly  smooth  and  the  shape  of  the  prostate 
as  symmetrically  rounded  as  in  hypertrophy.  This  is  particularly  true 
of  the  early  cases,  in  which  the  posterior  capsule  is  entirely  intswit  and  the 
rectum  free  from  disease.  Often,  however,  the  surface  is  irregularly 
lobulated,  sometimes  nodular  or  even  very  rough,  with  irregular  pro- 
longations anteriorly  around  the  membranous  urethra  or  even  into  the 
perineum  or  perirectal  fossse.  Only  rarely  is  the  rectum  involved  until 
late  in  the  disease.  The  mucous  membrane  is  generally  intact,  and  often 
only  a  few  shot-like  bodies  are  felt  in  the  rectal  wall,  which  may  be  more 
or  less  adherent  to  the  prostate.  The  rectal  cavity  may  be  seriously 
diminished  in  size  owing  to  the  enlargement  of  the  prostate. 

Seminal  Vesicles, — ^These  are  most  frequently  involved,  for,  as  shown 
above,  the  absence  of  capsule  at  the  base  of  the  prostate  and  the  fact  that 
vessels,  nerves,  lymphatics,  and  seminal  ducts  lead  in  this  direction,  make 
this  region  the  most  easy  of  access  in  the  spread  of  the  disease.  In  early 
cases  a  small  area  of  induration  at  the  base  of  one  or  both  seminal  vesicles 
or  in  the  vasa  deferentia  and  continuous  with  the  prostate  is  felt.  It 
here  presents  a  peculiar  flat  plateau  which  is  easily  distinguishable  from 
the  prostate  by  a  definite  notch  on  each  side  and  a  shallow  transverse 
depression  showing  where  the  vesicles  join  the  prostate.  This  plateau 
should  always  be  very  suggestive  of  carcinoma.  In  later  cases  one  or  both 
seminal  vesicles  may  be  extensively  involved,  the  vasa  deferentia  may  be 
palpable  as  enlarged,  indurated  cords,  and  all  of  these  structures  may  be 
bound  together  and  to  the  pelvic  wall,  forming  in  some  cases  an  irregular 
mass  which  skirts  along  the  lateral  wall  of  the  pelvis  beyond  the  reach 
of  the  finger.  In  a  few  cases  definitely  enlarged  lymph-glands  can  be 
palpated  along  the  pelvic  wall  or  in  the  sacral  fossa.  Most  often  they 
cannot  be  found,  and  their  occasional  presence  in  cases  of  simple  pros- 
tatitis renders  their  finding  of  little  diagnostic  value. 

Cystoscopy, — Instrumentation  of  the  urethra  and  bladder  should  be 
avoided  where  the  diagnosis  is  already  evident  and  the  urinary  symptoms 
not  severe  enough  to  warrant  intervention.  In  other  cases  catheteriza- 
tion and  possibly  cystoscopy  may  be  indicated.    A  small,  straight,  rubber 
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N^laton  catheter  is  usually  the  easiest  instrument  to  pass.  As  stated 
above,  the  lateral  lobes  of  the  prostate  generally  show  no  intravesical 
enlai^ement.  The  median  portion  in  the  early  cases  also  shows  no  en- 
largement, but  in  the  later  cases  a  rounded  bar  or  lobe  is  often  present. 
The  bladder  is  involved  late  in  the  disease,  and  then  generally  as  an  ele- 
vation of  the  trigone,  occasionally  with  ulceration  and  rarely  an  intraves- 
ical poljrp. 

Before  withdrawing  the  cystoscope  it  is  important  to  insert  a  finger 
into  the  rectum  to  examine  the  tissues  between  it  and  the  cystoscope. 
In  cases  of  cancer  a  marked  thickening  of  the  suburethral  portion  is  pres- 
ent and  the  beak  can  usually  not  be  felt  owing  to  a  subtrigonal  mass  of 
infiltration.  These,  taken  in  connection  with  the  absence  of  intravesical 
lobes  and  a  stricture  of  the  entire  prostatic  urethra,  usually  justify  the 
diagnosis  of  cancer  when  the  prostate  is  of  stony  hardness. 

Diagnosis. — For  other  remarks  than  those  just  made  see  section 
on  prostatic  hypertrophy,  p.  425. 

Palliative  Procedures. — When  the  diagnosis  has  not  been  made 
early  enough  to  warrant  the  radical  operation  with  the  hope  of  perma- 
nent cure,  the  question  of  palliative  treatment  arises.  In  many  cases 
the  urinary  symptoms  are  not  sufficiently  severe  to  necessitate  any  treat- 
ment of  the  prostate.  In  other  cases,  although  urination  may  be  some- 
what difficult  and  painful,  and  a  certain  amount  of  residual  urine  may  be 
present,  the  patient  can  get  along  quite  well  without  any  special  treatment. 
In  other  cases  these  symptoms  may  be  so  severe  as  to  require  relief,  and 
in  such  cases  the  use  of  the  catheter  can  be  adopted  with  success. 
Owing  to  the  usual  absence  of  marked  median  enlargement  the  coud6 
catheter  is  not  necessary;  in  fact,  it  is  often  more  difficult  to  pass  than  a 
straight  rubber  catheter,  which  is  generally  the  best  instrument  for  the 
purpose.  The  largest  catheter  which  can  be  passed  with  comfort  should 
be  employed  in  order  to  keep  the  urethra  somewhat  dilated.  As  a  rule, 
owing  to  the  strictured  condition  of  the  urethra  it  is  necessary  to  use  small 
instruments,  and  in  a  few  instances  a  stiff  catheter,  gum  or  silver,  may  be 
necessary.  The  catheter  should  be  used  frequently  enough  to  give  the 
patient  rest  at  night  and  comfort  during  the  day.  When  catheterization 
becomes  extremely  difficult  or  painful,  other  measures  of  relief  will  have 
to  be  considered.  The  simplest  of  these  is  suprapubic  drainage,  but 
partial  perineal  or  suprapubic  prostatectomy  or  the  Bottini  operation 
may  be  performed.  Of  these,  suprapubic  drainage  is,  as  a  whole,  the 
simplest,  and  in  its  performance  the  operator  should  endeavor  to  pro- 
vide the  most  comfortable  sinus  that  is  possible.  The  suprapubic  wound 
should  be  small,  so  as  to  hasten  its  healing.  The  bladder  should  be 
opened  well  up  on  the  anterior  wall  at  least  two  inches  distant  from  the 
prostatic  orifice,  so  that  the  end  of  the  drainage-tube  will  not  impinge  upon 
the  prostate  and  trigone  of  the  bladder.  After  the  operation  it  is  well 
to  close  the  bladder  tightly  around  a  rubber  drainage-tube,  which  should 
be  about  1.5  cm.  in  size  and  long  enough  to  reach  a  l)ottle  beneath  the 
bed.  A  small  gauze  wick  should  be  placed  in  the  prevesical  space 
and  the  suprapubic  wound  partially  closed  with  interrupted  sutures  of 
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silver.  With  a  very  small  suprapubic  wound  there  is  no  objection  to 
getting  the  patient  out  of  bed  into  a  wheel-chair  in  a  few  days  after  the 
operation.  Within  two  weeks  it  is  generally  possible  to  remove  the  tubes 
and  insert  a  permanent  apparatus,  such  as  that  shown  in  Fig.  240.  This 
apparatus  consists  of  a  silver  plate  which  is  fastened  to  the  body  by  means 
of  straps  around  the  waist  and  the  perineum,  with  a  curved  tube  through 
which  a  large  rectal  tube  can  be  inserted  into  the  bladder  and  held  in 
place  by  means  of  a  thumb-screw,  thus  making  it  possible  to  adjust  the 
tube  to  the  length  of  the  sinus  so  that  it  will  not  impinge  against  the  base 
of  the  bladder,  and  thus  cause  pain.  In  a  short  time  the  tube  will  generally 
be  so  tightly  grasped  by  the  walls  of  the  sinus  that  very  little  leakage 
occurs.  During  the  night  the  tubes  may  be  coupled  to  a  longer  tube 
which  leads  to  a  bottle  in  a  chair  by  the  side  of  the  bed.  This  recep- 
tacle should  not  be  at  a  lower 
level  than  the  bladder,  else  the 
bladder  will  become  contracted 
as  a  result  of  its  remaining  con- 
tinuously empty  from  siphonage. 
During  the  day  the  stopper  is  re- 
moved when  the  desire  to  urinate 
comes.  The  patient  often  re- 
mains fairly  comfortable  with  a 
bladder  of  normal  size  and 
contractihty.  Another  form  of 
drainage  apparatus,  described  by 
Bloodgood,  has  been  extensively 
employed  with  excellent  results. 
In  this  apparatus  a  short  rubber 
tube  is  fitted  into  the  suprapubic 
fistula  and  drains  into  a  rubber 
bag  which  surrounds  its  external 
orifice  and  lies  against  the  ab- 
domen, to  which  it  is  attached 
by  a  circular  band. 
The  Bottini  operation  has  been  employed  by  the  writer  in  seven  cases 
of  cancer  of  the  prostate,  and  Furstenheim  has  published  five  cases  from 
the  practice  of  Freudenberg  and  two  from  the  literature.  A  study  of 
these  fourteen  cases  shows  that  the  Bottini  operation  is  generally  sur- 
prisingly efficacious.  Voluntary  urination  is  established  at  once  and  soon 
becomes  fairly  normal.  In  Furstenheim's  cases  the  good  result  was 
maintained  for  nearly  a  year  before  marked  obstruction  to  urination  came 
on  again.  In  one  of  my  cases  the  patient  was  free  from  pain  and  dis- 
comfort at  the  end  of  four  years,  although  the  seminal  vesicles  were 
markedly  involved  and  general  glandular  metastases  were  present.  The 
operation  does  not  seem  to  lead  to  carcinomatous  ulceration  of  the  urethra 
and  bladder,  and  Furstenheim  says  that  after  expulsion  of  the  sloughs  the 
wounds  are  soon  covered  with  smooth  mucous  membrane. 

The  technic  of  the  operation  is  similar  to  that  employed  in  benign 
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hypertrophy.  Care  should  be  taken  to  see  that  the  beak  of  the  instru- 
ment does  not  slip  into  the  urethra;  a  medium-sized  blade  should  generally 
be  employed;  the  incisions  should  be  made  with  the  guidance  of  a  finger 
in  the  rectum  and  generally  not  more  than  3  cm.  in  length.  General 
anesthesia  is  not  necessary  and  the  patient  is  usually  able  to  void  urine  at 
once.  The  after-treatment  consists  in  the  use  of  diuretics,  urotropin, 
outdoor  life,  etc. 

The  objections  to  the  Bottini  operation  are  the  fact  that  it  is  done 
somewhat  in  the  dark,  that  it  is  sometimes  very  hard  to  introduce  the 
in3trument  through  the  carcinomatous  stricture  of  the  urethra,  and  that 
the  mortality  is  not  inconsiderable.  The  immediate  results  are  often 
brilliant,  but  the  obstruction  is  apt  to  recur  much  sooner  than  after  a 
palliative  partial  perineal  prostatectomy. 

Suprapubic  prostatectomy  or  partial  excision  of  the  prostate  has  been 
employed  nine  times  by  seven  operators.  A  study  of  the  results  obtained 
in  these  cases  shows  generally  very  little  relief  afforded,  a  rapid  increase 
in  the  extent  of  the  disease,  and  before  long  considerable  pain  and  a 
wretched  existence.  In  most  cases  obstruction  to  urination  has  returned 
and  other  means  of  relief  had  to  be  afforded.  In  a  few  notable  instances, 
however,  the  palliative  results  have  been  very  satisfactory.  In  one  of  my 
cases,  in  which  the  prostate  with  a  portion  of  its  capsule  and  urethra  was 
completely  enucleated  in  one  piece,  the  patient  was  entirely  relieved  of 
urinary  obstruction  and  lived  in  perfect  comfort,  as  far  as  his  pelvic 
organs  were  concerned,  for  three  and  a  half  years,  dying  of  retroperi- 
toneal metastases  in  the  region  of  the  left  kidney. 

Perineal  Prostaiectomy. — In  1907,  after  a  careful  study  of  the  literature, 
Motz  was  able  to  collect  eight  cases  of  cancer  of  the  prostate  which  had 
been  treated  by  partial  perineal  prostatectomy.  In  nearly  all  of  these 
cases  the  diagnosis  was  made  after  the  operation.  Among  these  there 
were  only  four  in  which  the  result  was  at  all  satisfactory.  In  two  cases 
of  Rafin  there  was  sUght  improvement,  but  one  patient  died  at  the  end 
of  two  months  and  the  other  at  the  end  of  twelve  months.  Pousson  re- 
ported one  case  in  which  the  patient  was  apparently  cured,  but  he  was 
followed  for  only  nine  months  after  the  operation.  The  most  satisfactory 
case  was  that  of  Harrison,  in  which  the  patient  was  entirely  comfortable 
sixteen  months  after  the  operation.  The  others  were  little  improved  and 
died  in  four  or  five  months. 

The  writer  has  performed  the  operation  of  conservative  perineal  pros- 
tatectomy upon  ten  cases,  in  the  first  six  of  which  the  diagnosis  was  not 
made  until  after  operation.  In  four  cases,  operated  upon  during  the  past 
two  years,  the  disease  was  recognized  as  incurable  carcinoma  before  opera- 
tion and  a  conservative  prostatectomy  was  carried  out  simply  to  relieve 
the  obstruction  to  urination.  The  results  obtained  have  been  surpris- 
ingly good.  With  one  exception  the  wound  has  healed  as  promptly 
and  satisfactorily  as  in  benign  cases,  and  practically  normal  urination 
has  been  established.  With  the  exception  of  one  case  all  of  the  patients 
have  lived  over  one  year,  three  have  lived  for  two  years,  and  one  is  still 
alive  four  years  after  the  operation.    In  only  two  cases  has  there  been 
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a  recurrence  of  the  obstruction  to  urination,  and  in  three  cases  the 
results  are  excellent  two  years  after  the  operation.  The  operation  per- 
formed in  almost  all  of  these  cases  has  been  similar  to  that  for  benign 
hypertrophy,  the  three  lobes  being  removed  and  the  urethra  carefully 
preserved.  These  surprisingly  good  results  have  led  me  to  employ  this 
method  as  a  palliative  operation  in  cases  too  far  gone  for  a  radical  opera- 
tion, and  if  the  reUef  afforded  is  maintained,  conservative  perineal  pros- 
tatectomy would  seem  to  be  preferable  to  either  the  Bottini  operation, 
suprapubic  drainage,  or  even  the  catheter  life,  where  this  is  possible  with 
comfort. 

Radical  Operations. — I  have  been  able  to  find  but  five  cases  in  the 
literature  in  which  a  radical  operation  has  been  performed  for  primary 
carcinoma  of  the  prostate.  In  three  cases  the  prostate  was  completely 
excised,  but  the  seminal  vesicles  and  the  adjacent  portion  of  the  vesical 
trigone  were  not  removed.  Death  resulted  in  all  three  cases,  once  from 
operative  shock  and  twice  from  recurrence.  One  of  these  cases  is  interest- 
ing because  the  operation  was  performed  as  far  back  as  1882  by  Leisrink. 
The  second  case  was  operated  on  in  a  similar  manner  by  Czemy  in  1889, 
with  operative  recovery.  In  1898  Fuller  performed  the  operation  through 
a  suprapubic  wound,  excising  the  prostate  and  a  small  portion  of  the 
anterior  waU  of  the  bladder.  He  found  it  impossible  to  suture  the  bladder 
to  the  membranous  urethra,  but  after  a  tedious  convalescence  the  su- 
prapubic wound  finally  healed  and  urine  passed  through  the  urethra. 
The  patient  died  eleven  months  later  from  recurrence.  In  1891  Kiister 
performed  a  most  extensive  operation  in  which  he  freed  the  entire 
bladder  through  a  suprapubic  incision  and  then,  through  a  perineal  in- 
cision, divided  the  membranous  urethra  and  the  ureters  at  their  vesical 
juncture  and  removed  the  bladder,  the  seminal  vesicles,  and  the  prostate 
in  one  piece.  The  ureters  were  then  transplanted  into  the  rectum  and 
the  patient  lived  five  days  after  the  operation.  In  the  following  year 
Harris  did  almost  as  extensive  an  operation,  removing  the  prostate  and 
all  but  the  apex  of  the  bladder  through  a  suprapubic  incision.  The  ure- 
ters were  transplanted  into  the  small  vesical  cap  remaining  of  the  vertex 
of  the  bladder,  and  the  immense  space  left  after  the  removal  of  the  prostate 
and  bladder  was  allowed  to  heal  by  granulation.  The  patient  recovered 
from  the  operation  and  lived  for  two  months.  Autopsy  showed  that  the 
space  from  which  the  prostate  and  bladder  had  been  removed  was  almost 
completely  lined  by  epithelium  which  connected  the  urethra  with  the 
remaining  portion  of  the  bladder.  The  right  kidney  was  normal,  both 
ureters  were  patent.     Numerous  carcinomatous  metastases  were  found. 

In  five  cases  of  carcinoma  involving  the  rectum  and  the  prostate 
several  operators  have  attempted  excision  of  both  rectum  and  prostate, 
four  cases  died  soon  after  the  operation,  but  one  by  Demarquay,  operated 
in  1873,  remained  well  after  two  years.  In  this  case,  however,  very  little 
of  the  prostate  was  removed,  as  the  "urethra  and  ejaculatory  ducts  were 
respected." 

At  the  time  when  the  radical  operation,  which  will  be  described 
further  on,  was  employed  by  me  in  1904  I  was  not  aware  of  any  of  the 


HYPERTROPHY  OF  THE  PROSTATE. 


465 


operations  for  carcinoma  of  the  prostate  which  had  been  described  in 
the  hterature.  A  careful  study  of  them  shows  that  in  no  case  was  the 
operation  described  by  me  carried  out.  A  study  of  cases  and  of  autopsies 
had  convinced  me  that,  in  order  to  obtain  a  radical  cure  of  carcinoma  of 
the  prostate,  it  would  generally  be  necessary  to  remove  not  only  the  entire 
prostate  with  its  capsule  and  urethra,  but  also  the  seminal  vesicles  and 
the  overlying  portion  of  the  vesical  trigone,  owing  to  the  fact  that  the 
spread  of  the  disease  is  nearly  always  into  the  tissues  immediately  be- 
neath the  trigone  and  around  the  base  of  the  seminal  vesicles,  and  I 
therefore  decided  in  1905  to  carry  out  the  follow^ing  procedure: 

A  Radical  Oper- 
at  ion  for  Cure  of 
Carcinoma  of  the 
Prostate. — ^The  pa- 
tient is  placed  in  the 
exaggerated  litho- 
tomy position,  and 
an  inverted  V  peri- 
neal incision  made, 
as  in  the  operation 
for  simple  hyper- 
trophy of  the  pros- 
tate, the  successive 
steps  of  which  are 
followed  until  the 
tractor  has  been  in- 
serted through,  a 
urethrotomy  wound 
of  the  membranous 
urethra  and  the  pos- 
terior surface  of  the 
prostate  has  been 
exposed,  largely  by 
blunt  dissection.  If 
there   is   then   any 

doubt    in    the   mind  Fio.  241. — after  Transverse  Section  of  Urethra. 

of  the  operator  as 

to  the  malignant  nature  of  the  disease,  an  incision  is  made  through  the 
capsule  and  a  section  of  the  prostatic  lobe  removed  for  examination, 
frozen  sections  being  made  if  necessary  to  establish  the  diagnosis,  when 
either  the  simple  prostatectomy  operation  for  hypertrophy  or  the  radical 
operation  for  cancer  can  be  performed  as  the  case  requires.  In  the  ciise 
of  cancer  the  next  step  after  exposing  the  posterior  surface  of  the  prostate 
is  to  free  the  lateral  adhesions  of  the  prostate  and  also  the  seminal  vesicles 
as  much  as  possible  by  blunt  dissection;  then  the  membranous  urethra 
is  divided  in  front  of  the  tractor,  as  shown  in  Fig.  241.  The  handle  of 
the  tractor  is  then  depressed  markedly  and  the  puboprostatic  ligaments 
divided  with  scissors  close  up  to  the  anterior  surface  of  the  prostate, 
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efforts  being  previously  made  to  push  away  the  anterior  plexus  of  veim 
by  blunt  dissection.  Fairly  abundant  hemorrhage  usually  follows,  and 
should  be  controlled  as  much  as  possible  by  clamps  and  then  by  a  gauze 
pack,  which  should  be  held  tightly  against  the  posterior  surface  of  the 
pubes  and  the  triangular  ligament  by  means  of  a  retractor. 

The  prostate  is  then  drawn  outward  as  far  as  possible,  thus  exposing 
the  anterior  surface  of  the  bladder,  which  should  be  punctured,  as  showr 
in  Fig.  242,  just  above  the  prostato-vesical  juncture.  This  wound  is  noM 
enlarged  on  each  side  by  scissors,  the  line  of  division  being  close  to  the 
prostato-vesical  juncture,  until  the  trigone  is  exposed,  as  shown  in  Fig 
243.     With  a  scalpel  a  curved  incision  is  made  across  the  trigone,  thus 

leaving  the  uppei 
angles  of  the  tri- 
gone intact  and 
being  careful  to  dc 
no  injury  to  the 
ureters.  By  blunt 
dissection  the 
seminal  vesicles  are 
then  exposed,  as 
shown  in  Fig.  244, 
and  the  vasa  defer- 
entia  picked  up 
with  a  blunt  hook 
and  divided  with 
scissors  as  high  up 
as.possible.  (In 
doing  this  it  should 
be  remembered 
that  the  vasa  defer- 
entia  pass  around 
the  lower  end  of 
the  ureters).  The 
deeper  attachments 
of  the  seminal  ves- 

FiG.  242.— Incision  into  Bladdkr  Jubt  Above  Prostate.  iclcS  are  then  freed 

and  the  mass,  con- 
sisting of  prostate,  urethra,  cuff  of  bladder,  seminal  vesicles,  and  about 
5  cm.  of  vasa  deferentia,  removed  in  one  piece.  Hemorrhage  is  again 
encountered  in  the  last  step  above  described,  owing  to  the  fact  that 
the  prostatic  plexus  of  veins,  which  passes  up  along  the  side  of  the 
prostate  on  each  side,  is  closely  attached  to  the  lateral  bonier  of  the 
seminal  vesicle,  but  this  can  easily  be  controUeil  by  ligatures  or  long 
clamps.  The  bleeding  which  comes  from  the  vesical  wound  is  easily 
controlled  by  the  subsequent  sutures,  which  are  placed  so  as  to  anas- 
tomose the  bladder  with  the  membranous  urethra,  and  completely  close 
the  vesical  wound.  This  is  easily  accomplished,  as  shown  in  Figs.  245 
and  246.     As  seen  here,  the  anterior  wall  of  the  bladder  is  drawn  down 
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and  fastened  to  the  stump  of  the  membranous  urethra  by  means  of 
interrupted  catgut  sutures.  After  forming  the  anastomosis  with  the 
urethra  a  considerable  vesical  wound  is  left  posteriorly,  but  is  easily  closed 
by  transverse  sutures.  I  found  it  best  to  use  an  occasional  suture  of 
silkworm-gut  in  order  to  take  care  of  the  tension  which  is  present.  The 
ends  of  these  are  left  long  enough  to  emerge  from  the  wound  so  that  they 
can  be  removed  two  or  three  weeks  later.  A  retained  rubber  catheter, 
which  should  be  inserted  before  the  vesico-urethral  anastomosis  is  made, 
is  fastened  to  the  glans  penis  with  adhesive  plaster.  After  placing  light 
gauze  packing  in  the  depths  of  the  wound  the  levator  ani  muscles  are  ap- 
proximated with  two  or  three  interrupted  sutures  of  catgut  so  as  to 
protect  the  rectum 
against  post-opera- 
tive necrosis,  and 
the  external  wound 
is  almost  completely 
closed  with  inter- 
rupted sutures  of 
catgut.  In  some 
instances  I  found  it 
difficult  to  place 
ligatures  around 
hemostatic  clamps 
which  were  deeply 
placed,  and  have 
therefore  not  re- 
moved the  clamps, 
but  allowed  them 
to  emerge  with  the 
gauze  packing  from 
the  anterior  angle 
of  the  wound  (they 
were  removed 
twenty -four  hours 
later).  If  careful 
attention  has  been  given  to  the  prevention  of  hemorrhage  and  an  in- 
fusion has  been  begun  early  in  the  operation,  there  should  be  little  or 
no  shock. 

The  management  of  the  convalescence  is  much  the  same  as  after 
simple  prostatectomy,  an  abundance  of  water  being  indicated,  the  patient 
up  in  a  wheel-chair  in  two  or  three  days,  at  the  end  of  which  time  the 
gauze  packing  should  be  removed.  The  retained  catheter  had  better 
remain  for  a  week.  In  all  of  my  cases  there  has  been  leakage  of  urine 
through  the  perineum,  but  often  not  until  several  days  after  the  operation, 
and  in  all  cases  the  perineal  wound  has  finally  closed  without  the  use  of  a 
second  retained  catheter  or  urethral  dilatation  with  sounds.  No  strictures 
have  resulted,  and  although  incontinence  of  urine  by  day  has  generally 
been  present,  this  can  be  taken  care  of  by  means  of  a  rubber  urinal. 


Fig.  243. — Exposurk  and  Division  of  TmtJONK. 
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Results, — While  it  is  too  early  to  draw  positive  conclusions  and  the 
number  of  cases  (six)  is  too  small,  it  may  be  stated  that  three  cases  are 
still  alive  and  well,  one  two  years  and  four  months,  one  two  years  and 
three  months,  and  one  one  year  and  t^n  months  after  the  operation,  and 
that  one  patient  lived  in  comparative  comfort  for  nine  months  and  then 
died  of  something  else.  One  patient  died  of  nephritis  seven  weeks  after 
the  operation,  and  the  autopsy  showed  that  the  carcinoma  had  been  com- 
pletely removed.  The  sixth  case  died  of  operative  shock,  and  autopsy 
showed  that  the  cancer  had  passed  directly  from  the  prostate  into  the 
peritoneum,  which  was  extensively  invaded.  This  could  not  be  deter- 
mined before  operation,  and  as  the  bladder  and  upper  portion  of  the  sem- 
inal vesicles  were 
free  from  disease 
the  radical  opera- 
tion was  carried 
out.  It  seems 
probable,  in  view 
of  the  absence  of 
shock  in  the  other 
five  cases,  that  the 
cachexia  resulting 
from  the  extensive 
peritoneal  meta- 
stases had  much  to 
do  with  the  pa- 
tient's death  im- 
mediately after  the 
operation.  In 
conclusion,  it  may 
be  said  that  in 
symptomatology 
and  clinical  find- 
ings cancer  differs 
markedly  from  hy- 
pertrophy   of    the 

Fio.  244. — Final  Separation  of  Seminal  Ve8ICl*:b  and  Division  prOState.         The 

OF  Vasa  Deferentia.  ^  -        .      . 

presence  of  pain  m 
urethra,  perineum,  or  rectum,  and  lumbago  or  sciatica  should  lead 
to  rectal  examination,  and  if  a  markedly  indurated  prostate  is  found, 
cancer  should  be  suspected  if  the  patient  is  over  forty  years  of  age. 
The  discovery  of  a  stricture  of  the  whole  prostatic  urethra  and  the 
absence  of  globular  intravesical  lobes  on  cystoscopic  examination  should 
render  the  diagnosis  almost  positive,  and  if  the  seminal  vesicles  are 
not  involved  a  radical  operation  should  be  undertaken.  If  this  is  done, 
the  entire  prostate,  capsule,  and  urethra  should  be  removed,  along  with 
the  seminal  vesicles  and  anterior  portion  of  the  trigone,  in  one  piece. 
With  early  diagnosis  many  radical  cures  should  be  obtained. 

Sarcoma  of  the  Prostate.— The  first  case  of  sarcoma  of  the  pros- 
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tate  to  be  described  was  that  of  Stafford,  who  in  1839  reported  a  mel- 
anotic tumor  of  the  prostate  in  a  child  five  years  of  age.  In  1858  Thomp- 
son found  six  cases  in  the  literature,  and  in  1902  Burckhardt  was  able  to 
collect  twenty-four  cases.  Proust  and  Vian  have  in  1907  collected 
thirty-four ''  incontestable"  cases.     I  now  add  one  case  from  my  practice. 

Age. — In  these  thirty-five  cases  in  which  the  diagnosis  has  been  con- 
firmed by  the  microscope,  fifteen,  or  43  per  cent.,  were  under  ten  years  of 
age,  twelve,  or  34  per  cent.,  were  between  ten  and  forty-nine  years  of  age, 
and  eight,  or  23  per  cent.,  were  between  fifty  and  eighty  years  of  age.  In 
four  cases  the  patient  was  less  than  a  year  old  and  three  patients  were 
between  seventy 
and  seventy -three 
years  of  age. 

Various  types 
of  sarcoma  have 
been  present:  viz., 
small  cell,  six;  large 
cell,  three;  spindle 
cell,  five;  poly- 
morpho  -  cell,  four ; 
lymphosarcoma, 
two;  angiosarcoma, 
two;  myxosarcoma, 
three:  adenosar- 
coma,  one;  chon- 
drosarcoma, one; 
''rhabdomyoma," 
three;  "fibroid," 
one.  The  age  of  the 
patient  had  Uttle  to 
do  with  the  char- 
acter of  the  tumor 
present ,  both  infants 
and  adults  being 
found  with  almost 
every  variety. 

As  a  rule,  the  tumor  soon  reached  considerable  size,  both  in  infants  and 
in  adults,  and  in  some  cases  almost  completely  filled  the  pelvis.  It  was 
generally  oval  in  form,  regular  with  slight  lobulation,  but  occasionally 
it  was  irregular  and  nodular.  The  consistence  was  variable,  sometimes 
uniformly  firm,  sometimes  elastic,  sometimes  so  soft  as  to  give  the  sensa- 
tion of  fluctuation.  In  many  cases,  however,  the  induration  was  con- 
siderable. The  bladder  was  generally  pushed  upward  and  forward  by 
the  tumor,  which  grew  backward  beneath  the  base  of  the  bladder.  The 
mucous  membrane  was  generally  intact,  but  occasionally  small  papillo- 
matous intravesical  outgrowths  were  present,  almost  always  in  the 
region  of  the  trigone.  Enlargement  of  a  median  or  a  lateral  lobe  pro- 
jecting into  the  bladder  was  rarely  present.    The  rectum  was  usually 


Fia.  245- 
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compressed,  flattened,  but  its  walls  were  rarely  infiltrated  and  the  mu- 
cous membrane  was  healthy  in  all  cases.  The  urethra  was  almost  always 
invaded  and  generally  strictured.  Occasionally  intraurethral  polyps 
were  present.  The  seminal  vesicles  have  generally  been  found  invaded, 
but  in  a  few  cases  they  were  not.  The  ureters  were  often  pressed  upon, 
thus  leading  to  hydronephrosis.  The  perirectal  and  retroperitoneal 
tissues  were  often  invaded,  as  were  also  the  peritoneum,  the  intestines, 
and  the  pubic  bones.  The  lymph-glands  were  involved  in  seven  of  the 
thirty-five  cases,  but  metastases  to  various  organs  occurred  more  fre- 
quently. 

That  sarcoma  of  the  prostate  is  a  rare  disease  is  shown  by  the  fact 
that  only  one  case  has  been  detected  among  the  immense  number  of  cases 
seen  at  the  H6pital  Necker  in  Paris.     I  have  personally  had  one  case  in 

which  the  diagnosis  of  sarcoma  of  the  pros- 
tate was  positively  made  by  microscopic 
examination,  but  in  Halsted's  service  there 
have  been  two  cases  in  which  a  clinical 
diagnosis  of  sarcoma  has  been  made.  My 
patient,  a  man  aged  fifty-one,  had  suffered 
with  pain  in  the  lower  abdomen  and  rectum 
for  fourteen  months.  Urinary  trouble  had 
been  present  for  about  six  months,  but  had 
only  recently  become  marked.  On  rectal 
examination  an  immense  smooth  mass,  which 
almost  filled  the  pelvis,  was  felt.  It  was  very 
soft  and  homogeneous  in  feel  and  ahnost 
completely  obUterated  the  rectum.  Only  40 
c.c.  residual  urine  was  present.  Perineal 
prostatectomy  was  performed  and  the  tumor 
found  to  spring  from  the  upper  portion  of 
the  prostate,  the  anterior  two-thirds  of  which 
was  apparently  normal.  The  urethra  and 
bladder  were  not  invaded,  but  the  latter  was 
greatly  elevated  by  the  huge  retrovesical 
mass.  The  tumor  was  composed  of  soft  hemorrhagic  material  which 
was  easily  scooped  out  with  the  finger.  The  patient  recovered  and  was 
able  to  void  urine  without  difficulty  and  lived  for  almost  a  year.  The 
microscope  showed  a  sarcoma  of  mixed-cell  type. 

Symptomatology. — Proust  has  divided  his  study  into  those  of  early 
age,  twenty-four  cases,  and  those  of  advanced  age,  ten  cases.  Among 
the  twenty-four  cases  the  first  symptom  was  usually  pain,  and  this  did 
not  come  on  until  obstruction  to  urination  developed.  Constipation  was 
frequently  present,  but  was  of  secondary  importance.  In  most  cases  the 
disease  had  reached  great  size  before  any  symptoms  were  present.  Among 
those  patients  older  than  thirty  years  of  age  the  development  was  slower, 
but  usually  caused  little  trouble  until  later.  In  rare  cases  sudden  re- 
tention of  urine  occurred,  but  often  there  was  verj"  little  obstruction  to 
either  urine  or  feces.    At  times,  owing  to  its  softness  it  is  difficult  to  differ- 
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entiate  from  abscess.  In  the  adult  sarcoma  of  the  prostate  is  generally 
less  regular  than  hypertrophy,  produces  less  lengthening  of  the  canal, 
and  is  more  infiltrated.  The  tumor  is  often  retrourethral  and  retrovesi- 
cal and  produces  more  pressure  upon  the  rectum  than  simple  hypertrophy. 
Sarcoma  is  less  often  accompanied  by  hematuria  than  carcinoma,  which 
is  usually  much  harder  and  characterized  by  indurated  prolongations 
into  the  region  of  the  seminal  vesicles.  In  my  case  the  consistence  was 
much  softer  than  is  ever  seen  in  simple  hypertrophy,  and  the  immense, 
smooth,  globular  mass  could  never  have  been  mistaken  for  carcinoma. 

Treatment. — In  young  patients  operations  have  been  absolutely  un- 
successful, and  suprapubic  cystotomy  is  apparently  the  only  procedure 
of  value.  The  results  of  operations  for  sarcoma  in  the  adult  have  not 
been  brilliant,  but  several  cases  in  which  the  patient  was  relieved  for  a 
considerable  period  are  on  record.  Spanton  in  1882  enucleated  through 
the  perineum  a  very  large  sarcoma  of  the  prostate,  but  the  patient  died 
on  the  following  day.  In  1894  Socin  removed  a  tumor  the  size  of  two 
fists  through  the  anus  and  rectum,  without  injury  of  the  urethra  or  bladder. 
The  rectum  was  then  sutured.  The  patient  showed  no  evidence  of  re- 
currence for  three  years.  Verhoogen  in  1898  extirpated  the  prostate 
with  its  capsule  and  urethra  after  division  of  the  membranous  urethra. 
A  persistent  perineal  fistula  resulted  and  the  patient  died  nine  months 
later  of  a  recurrence  of  the  sarcoma.  McGowan  reported  a  case  in 
which  the  patient  was  apparently  cured,  but  died  four  years  later  of  cancer 
of  the  liver.    A  patient  of  Fuller's  lived  eleven  months. 

In  my  case,  which  was  attacked  through  the  perineum,  it  was  impos- 
sible to  perform  radical  excision,  and  I  could  only  scoop  the  broken- 
down  material  within  the  capsule.  The  obstruction  to  urination  was 
removed,  but  the  patient  died  one  year  later. 

Owing  to  the  fact  that  sarcoma  of  the  prostate  generally  begins  in  the 
upper  portion  of  the  posterior  part  of  the  gland  and  rapidly  involves  the 
capsule  and  retrovesical  structures,  it  seems  probable  that  radical  meas- 
ures can  never  be  as  successful  as  in  cancer.  In  some  of  the  more  benign 
types  sarcoma  may  remain  encapsulated  for  a  time,  as  in  Socin's  case, 
and  a  complete  extirpation  through  the  perineum  may  be  possible.  In 
such  cases  the  urethra  may  not  have  to  be  opened.  The  suprapubic 
route  will  probably  not  be  available,  owing  to  the  retrovesical  character 
of  the  growth.     Suprapubic  drainage  may  be  necessary  in  some  cases. 

It  gives  me  pleasure  to  acknowledge  the  considerable  assistance  in  the 
preparation  of  this  chapter  which  I  have  received  from  Drs.  John  T. 
Geraghty,  Charles  M.  Remsen,  John  R.  Caulk,  and  E.  A.  Fletcher. 
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CHAPTER  LX. 
SURGERY  OF  THE  PENIS  AND  URETHRA. 

By  Orville  Horwitz,  M.D., 


PHILADELPHIA. 


ANATOHY. 

Normally,  the  penis  is  a  pendulous  organ,  varying  in  size  and  shape. 
It  is  made  up  of  three  parts — root,  body,  and  head.  It  is  covered  by 
an  investing  sheath  of  skin  and  fascia.  The  integument  covering  the 
body  of  the  penis  is  of  a  dark  color,  thin,  and  distensible. 

In  the  normal  condition  the  skin  covering  the  penis  forms  an  investing 
tubular  sheath — the  prepuce,  or  foreskin.  At  the  piepiUM  orifice  the  skin 
is  reflected  backward  or  turned  under,  and  is  now  converted  into  mucous 
membrane.  The  mucous  lining  passes  backward  to  the  coronal  sulcus, 
into  which  it  is  inserted,  covering  the  entire  glans  penis  with  a  firmly  ad- 
herent mucous  membrane.  In  the  median  line,  on  the  under  surface  of 
the  glans,  is  a  fold  of  mucous  membrane  known  as  the  frenum  prwpuiii. 

The  corpora  cavernosa  form  more  than  one-third  of  the  entire  bulk  of 
the  organ,  and,  in  conjunction  with  the  corpus  spongiosum,  give  to  the 
penis  the  shape ,  of  a  cylindric,  three-sided  column.  The  corpus  spon- 
giosum is  lodged  in  the  groove  on  the  under  surface  of  the  corpora  caver- 
nosa, and  runs  parallel  with  these  bodies. 

The  glans  penis  covers  the  anterior  rounded  extremity  of  the  corpora 
cavernosa,  and  expands  into  a  cone-shaped  body,  at  the  base  of  which 
is  the  corona  glandis;  behind  this  is  a  deep  sulcus,  known  as  the  cervix 
or  neck.  Below  the  center  of  the  apex  is  a  vertical,  slit-like  opening — the 
meatus  uringrius. 

The  organ  receives  its  blood  supply  from  the  dorsal  artery  of  the  penis; 
the  artery  of  the  corpus  cavemosum;  and  the  artery  of  the  bulb.  There 
are  both  a  superficial  and  a  deep  dorsal  vein;  the  latter  is  lodged  beneath 
the  fascia. 

The  nerve  supply  is  derived  from  the  internal  pudic  and  hypogastric 
plexus. 

The  urethra  is  divided  anatomically  into  three  parts — ^penile, 
membranous,  and  prostatic;  for  clinical  purposes  it  is  divided  into  two 
— anterior  and  posterior.  The  anterior  portion  extends  from  the  meatus 
to  the  anterior  leaflet  of  the  triangular  ligament;  the  posterior  is  that 
portion  beyond  the  ligament,  and  includes  the  membranous  and  pros- 
tatic urethra.  The  length  of  the  urethra  varies,  being  generally  from 
eight  to  nine  inches  long. 

The  differentiation  of  the  inferior  from  the  superior  wall  of  the  urethra 
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is  an  anatomic  point  of  great  surgical  value,  and  is  to  be  borne  in  mind 
when  catheterism  or  operation  for  the  relief  of  a  stricture  is  attempted. 
The  superior  wall  is  smoother,  less  vascular,  and  not  so  intimately  con- 
nected with  important  structures  as  the  anterior. 

The  penile  urethra  is  lined  by  a  delicate  mucous  membrane  on  which 

are  the  open- 
ings of  numerous 
ducts  leading 
to  the  urethral 
glands;  these 
are  known  as  the 
glands  of  LiiirL 
The  penile  ure- 
thra has  an  ex- 
pansion at  each 
end.  The  dilata- 
tion back  of  the 
meatus  is  called 
the /ossa  navicu- 
laris;  on  the  roof 
of  this  there 
Is  a  reduplication 
of  the  mucous 
membrane  called 
the  lacuna  mag- 
na. 
The  membranous  urethra  lies  between  the  anterior  and  posterior 
layers  of  the  triangular  ligament. 

The  prostatic  urethra  passes  downward  and  forward,  and,  on  reaching 
the  posterior  layer  of  the  triangular  ligament,  becomes  the  membranous 
urethra. 

DISEASES  OF  THE  PENIS. 

Inflammations  of  the  penis  may  be  acute,  subacute,  .or  chronic. 

Aniie  inflammations,  the  most  common  variety,  usually  involve  only 
the  skin  and  subcutaneous  connective  tissue. 

A  low  grade  of  inflammation  occasionally  attacks  the  corpora  caver- 
nosa. Traumatism,  syphilis,  gout,  rheumatism,  urethritis,  and  stricture 
are  regarded  as  probable  causes  of  this  condition. 

A  chronic  inflximmation  involves  only  the  skin  and  the  cellular  tissue, 
and  is  generally  limited  to  that  portion  of  the  prepuce  near  the  frenum. 

The  condition  may  be  due  to  injury,  venereal  infection,  rheumatism, 
gout,  typhoid,  various  skin  diseases,  tuberculosis,  or  ulceration  as- 
sociated with  malignancy.  Chronic  inflammation  of  the  skin  and  con- 
nective tissue  is  rare. 

Symptoms. — ^These  are  swelling,  pain,  and  discoloration.  Difficulty 
in  micturition  and  frequent  and  painful  erections  may  occur.  When 
suppuration  is  threatened,  the  symptoms  become  intensified. 
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The  lymphatic  vessels  on  the  dorsum  of  the  penis  are  frequently  in- 
flamed, indurated,  and  tortuous,  and  the  inguinal  glands  also  be- 
come involved.     Phimosis  or  paraphimosis  may  develop. 

Treatment. — Cleanliness  is  best  secured  by  immersing  the  organ 
frequently  in  six  ounces  of  hot  water  to  which  a  teaspoonf ul  of  table-salt 
is  added,  followed  by  the  application  of  a  cooling,  sedative  lotion,  such 
as  lead-water  and  laudanum.  The  patient  should  be  kept  at  rest,  with 
the  organ  elevated.  Heat  or  cold  may  be  of  service.  Cold  is  indicated 
in  the  incipient  stage,  but  its  effect  should  be  carefully  observed.  Hot 
applications  are  indicated  in  ner\'ous  patients,  and  may  be  employed  with 
advantage  in  the  second  stage,  when  the  condition  is  one  of  stasis.  Phi- 
mosis or  paraphimosis  may  require  surgical  inter\^ention. 

An  inflammation  due  to  suppuration  or  to  extravasation  of  urine 
demands  early  evacuation  of  the  pus  or  fluid  by  multiple  free  incisions. 

In  ordinary  acute  inflammation  rest,  restricted  diet,  and  the  avoid- 
ance of  constipation  should  be  enjoined.  Sexual  excitement  should  be 
controlled  by  bromids,  camphor,  or  opiates. 

Gangrene  of  the  penis  may  be  due  to  local  or  constitutional 
causes.  Among  the  former  are  various  inflammations,  phlegmonous 
erj^sipelas,  extravasation  of  urine,  injuries  of  the  penis,  phimosis,  para- 
phimosis, foreign  bodies  in  the  urethra,  or  strangulation  due  to  a 
mechanic  constriction.  Among  constitutional  causes  are  the  exan- 
themata, especially  scarlatina  and  smallpox,  and  various  febrile  states. 

The  gangrenous  process  may  be  either  moist  or  dry,  circumscribed 
or  diffused. 

Sjrmptoms. — Localized  moist  gangrene  is  usually  preceded  by  in- 
flammatory symptoms;  later  the  organ  becomes  enormously  swollen  and 
discolored,  the  skin  assuming  a  bluish-black  or  purple  hue,  with  green- 
ish-black spots  here  and  there.  Vesicles  form  which  burst.  A  line  of 
demarcation  generally  forms,  the  necrotic  area  being  cast  off  as  a  slough. 
A  penetrating,  offensive  odor  is  present.  The  pulse  is  usually  accelerated, 
and  there  is  a  slight  rise  of  temperature. 

In  the  dry  form  of  gangrene  the  organ  becomes  edematous,  the  gan- 
grenous process  first  manifesting  itself  by  the  appearance  of  purple 
spots.  A  vesicle  forms  that  ruptures,  discharging  a  bloody  serum  and 
leaving  a  dark,  dry  surface  exposed.  In  dr>'  gangrene  due  to  throm- 
bosis of  the  iliac  vein  the  pain  is  intense;  when  due  to  other  causes  there 
is  little  discomfort.  Sometimes  a  disagreeable  burning  sensation  is  com- 
plained of,  the  affected  part  becoming  black,  cold,  dry,  and  wrinkled. 

Treatment. — Ever>'  effort  should  be  made  to  remove  the  cause. 
Phimosis  demands  circumcision,  and  paraphimosis  should  be  relieved. 
When  due  to  extravasation  of  urine,  external  perineal  urethrotomy  should 
be  performed.     Foreign  bodies  in  the  urethra  should  be  removed. 

In  moist  gangrene  the  patient  should  be  kept  at  rest,  with  the  penis 
elevated.  Frequent  immersion  of  the  organ  in  hot  water  is  beneficial. 
Incision  through  the  skin  may  be  necessary  for  the  purpose  of  trimming 
off  the  sloughing  tissue.  The  raw  surface  may  be  swabbed  with  phenol, 
bathed  with  hydrogen  dioxid,   irrigated  with  hot  bichlorid  solution,  , 
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1 :  5000,  and  a  moist  antiseptic  dressing  applied.     If  the  anterior  urethra 
is  involved,  perineal  drainage  should  be  established. 

Dry  gangrene  involving  only  the  prepuce  demands  circumcision. 
When  the  body  of  the  organ  is  affected,  the  formation  of  the  line  of  de- 
marcation should  be  awaited  before  amputating.  Opium  should  be 
administered  to  relieve  pain  and  quiet  sexual  excitement. 

Hypertrophy  of  the  Penis.— Hypertrophy  of  the  entire  organ 
is  extremely  rare,  and  occurs  generally  as  a  sequel  to  a  chronic  in- 
flammation of  the  lymphatic  vessels  of  the  penis  or  of  the  inguinal  glands. 
It  may  be  localized  or  general. 

In    the    localized   form   the   structures    usually    affected    are    the 

prepuce  and  the  neigh- 
boring integument, 
which  become  thick- 
ened and  dense.  There 
is  no  pain  or  discom- 
fort. 

A  general  hyper- 
trophy may  follow  the 
localized  variety,  and 
inflammation  of  the 
lymphatics  of  the 
penis,  accompanied  by 
suppuration  of  the 
inguinal  glands,  may 
ensue. 

Treatment. — In 
the  localized  variety 
frequent  immersions 
in  hot  water  and 
small  doses  of  mer- 
cury bichlorid  given  in  conjunction  with  sodium  iodid  are  useful.  Stric- 
ture requires  dilatation  or  division.  In  the  general  form  treatment  is 
useless. 


Fig.  248. — Hypertrophy  of  the  Penib  from  Injury  to  the 
Lymphatic  Vessels.     Double  Bubo. 


CONTUSIONS,  WOUNDS,  AND  INJURIES  OF  THE  PENIS- 

These  may  vary  from  a  trivial  abrasion  to  complete  destruction  or 
even  ablation  of  the  entire  organ. 

Contusions* — ^These  are  usually  caused  by  direct  injury  or  by 
pressure. 

The  symptoms,  when  the  injury  has  been  slight,  consist  of  numbness, 
pain,  and  swelling;  when  severe,  swelling  and  discoloration  appear  early 
and  are  diffuse.  The  prepuce  generally  becomes  enormously  distended, 
giving  rise  to  phimosis  and  painful  erections. 

Treatment. — In  slight  contusions  no  treatment  is  required.  In 
severe  cases,  or  in  debilitated  or  elderly  patients,  hot  applications  are 
preferable  to  cold.    When  there  is  evidence  that  extravasation  of  blood 
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is  taking  place  and  cannot  be  controlled  by  ordinary  means,  the  contused 
area  must  be  incised,  clots  removed,  bleeding  vessels  ligated,  and  the 
wound  packed  with  iodoform  gauze.  Edema  of  the  prepuce  may  be  so 
great  as  to  require  multiple  punctures  through  the  integument. 

Wounds  of  the  Penis. — As  a  rule,  all  wounds  of  the  penis  except 
contusions  are  accompanied  by  severe  hemorrhage  and  recurring  erec- 
tions. When  the  wound  involves  the  fibrous  sheath  of  the  organ,  the 
erectile  tissue,  the  urethra,  or  important  blood-vessels,  permanent  in- 
terference with  erection  may  ensue. 

Wounds  of  the  penis,  even  when  severe,  do  not  threaten  life.  In 
many  cases,  however,  as  the  result  of  the  sexual  disability,  the  character 
and  disposition  of  the  individual  undergo  a  complete  change,  the  sub- 
ject becoming  morose  and  sullen;  some  develop  melancholia  with  sui- 
cidal tendencies. 

Incised  Wounds. — ^These  are  generally  inflicted  for  criminal  purposes 
or  by  the  insane. 

Lacerated  and  Contused  Wounds. — These  are  generally  serious, 
and  may  be  followed  by  deformity  and  interference  with  erection. 

The  primary  hemorrhage  is  usually  slight.  Edema  and  discoloration 
are  generally  present.  There  are  frequent  erections,  and  if  infection 
occurs,  pain  becomes  more  intense,  and  sloughing  of  the  tissues  may 
follow. 

Punctured  wounds  are  rarely  seen,  and  are  usually  inflicted  by 
some  sharp  instrument  or  by  animals. 

Stab  wounds  have  occasionally  been  observed. 

Gunshot  Wounds. — ^A  gunshot  wound  involving  the  penis  is  usually 
associated  with  injury  to  other  organs.  The  ball  may  penetrate  and 
lodge  in  the  organ,  or  perforation  may  take  place.  A  shot  wound  that 
involves  the  urethra  is  a  grave  injury,  as  extravasation  of  urine,  with  its 
disastrous  consequences,  is  sure  to  take  place.  As  a  rule,  there  is  con- 
siderable edema,  causing  either  a  phimosis  or  a  paraphimosis.  Primary 
hemorrhage  is  usually  slight,  but  considerable  extravasation  of  blood 
into  the  connective  tissue  occurs,  and  secondary  hemorrhage  is  the  rule. 
If  the  wound  becomes  infected,  there  is  sloughing.  Severe  shock  is  not 
infrequent. 

Treatment. — ^The  indications  are  to  arrest  hemorrhage,  render  the 
wound  aseptic,  remove  foreign  bodies,  approximate  the  edges,  control 
erections,  and  overcome  interference  with  urination.  A  catheter  should  be 
inserted  in  every  case,  even  if  the  urethra  has  not  been  injured,  as  not 
infrequently  the  subsequent  swelling  gives  rise  to  retention  of  urine. 
When  the  urethra  is  lacerated  or  ruptured,  an  external  perineal  ure- 
throtomy should  be  performed.  In  gunshot  wounds,  if  the  bullet  is  em- 
bedded subcutaneously,  it  should  be  extracted.  If  it  has  passed  through 
the  organ,  the  track  of  the  bullet  should  be  irrigated  with  a  weak  bi- 
chlorid  solution  and  hydrogen  dioxid  injected;  this  should  then  be  washed 
away  with  normal  salt  solution.  Should  the  disorganized  tissue  slough, 
the  wound  should  be  laid  open  and  allowed  to  granulate.  Amputation 
is  contraindicated,  e\en  in  apparently  hopeless  cases,  for  the  vascularity 
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of  the  organ  is  so  great,  and  the  firm  fibrous  sheath  serves  as  so  excellent 
a  medium  for  approximation,  that  most  gratifying  and  unexpected  re- 
sults will  frequently  be  obtained  as  the  result  of  conservative  surgery. 

Injuries  of  the  Penis.— A  tear  or  rupture  of  the  frenum  is 
usually  inflicted  during  sexual  intercourse,  and  is  generally  accompanied 
by  a  sensation  as  of  something  giving  way;  there  is  sharp  pain;  erection 
suddenly  subsides,  and  free  hemorrhage  usually  follows. 

Treatment  consists  in  applying  a  catgut  ligature  to  the  bleeding 
vessel  as  soon  as  possible.  When  the  Brtery  cannot  be  isolated,  the 
bleeding  point  should  be  seized  with  hemostatic  forceps  and  a  ligature 
applied  that  will  include  the  tissue  surrounding  the  vessel. 

Laceration  of  the  Sheath  of  the  Corpora  Cavernosa  (Fracture). — 
This  injury  is  usually  confined  to  the  cavernous  bodies,  and  is  generally 
unilateral;  the  sheath  of  the  corpus  spongiosum  may,  however,  also  be 
implicated.    The  accident  can  occur  only  when  the  organ  is  erect. 

Symptoms. — When  damage  to  the  erectile  tissue  has  been  slight,  as 
in  attempts  to  straighten  the  curve  of  chordee,  there  will  be  pain,  instant 
subsidence  of  the  erection,  with  gradual  development  of  edema  and 
discoloration,  the  penis  inclining  slightly  toward  the  injured  side.  Such 
cases  usually  recover  without  developing  complications.  In  extensive 
rupture  there  is  a  sensation  as  of  something  suddenly  giving  way,  and 
the  penis  is  deflected  toward  the  injured  side.  If  the  laceration  in- 
volves the  sheath  on  both  sides  of  the  cavernous  bodies,  the  portion  of 
the  organ  beyond  the  seat  of  rupture  is  preternaturally  movable.  An 
intense  sickening  pain  and  syncope  may  supervene.  The  organ  becomes 
enormously  swollen  and  discolored.  Blood  is  rapidly  diffused  over  ad- 
jacent structures,  and  hematoma  may  form.  Rupture  of  the  urethra  is  a 
serious  complication;  death  may  follow  as  the  result  of  pyemia,  asso- 
ciated with  gangrene,  due  to  extravasation  of  urine. 

Prognosis  regarding  life  is  favorable,  but  the  sexual  function  is  fre- 
quently permanently  impaired. 

Treatment  in  mild  cases  includes  elevation  of  the  penis,  the  applica- 
tion of  a  cold  evaporating  lotion,  and  the  administration  of  purgatives 
and  anaphrodisiacs.  In  severe  cases  prompt  operative  interference  is 
demanded.  A  free  incision  should  be  made  down  to  the  seat  of  the  in- 
jury, clots  removed,  bleeding  vessels  ligated,  and  the  wound  rendered 
aseptic;  the  deep  structures  should  be  approximated  by  buried  catgut 
sutures,  and  the  cutaneous  surfaces  brought  together  by  interrupted 
silkworm-gut  sutures.  A  moist  antiseptic  dressing  should  be  applied. 
If  the  urethra  is  involved,  the  same  measures  should  be  employed  as  in 
extravasation  of  urine  due  to  rupture  of  the  urethra. 

Dislocation  of  the  penis  is  a  rare  injury,  usually  produced  by 
traumatism  inflicted  upon  the  anterior  portion  of  the  organ  while  flaccid. 
The  penis  may  be  forced  into  the  scrotum,  perineum,  groin,  or  abdomen. 
Occasionally  the  dislocation  has  given  rise  to  rupture  of  the  urethra  with 
extravasation  of  urine.  The  subject  is  often  unaware  that  a  serious 
accident  has  happened  until  hemorrhage,  difficulty  in  micturition,  or 
retention  of  urine  occur.    The  organ  presents  a  shrunken  appearance, 
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the  cutaneous  sheath  containing  a  mass  of  clotted  blood.  Difficulty  in 
urination  is  usually  an  early  symptom. 

Treatment. — If  the  case  is  seen  early,  an  attempt  should  be  made  to 
make  the  penis  retrace  the  route  it  took  when  luxation  occurred.  When 
extravasation  of  urine  has  taken  place,  external  perineal  urethrotomy 
should  be  performed  at  once. 

Strangulation  of  the  penis  occurs  as  the  result  of  a  constric- 
tion of  a  portion  of  the  shaft  of  the  penis  by  an  encircling  bit  of  string 
or  tape,  an  elastic  band,  or  a  ring.  If  the  circulation  is  entirely  cut  off, 
gangrene  will  follow. 

The  symptoms  appear  immediately  after  strangulation  is  complete. 
Ulceration  occurs,  and  the  constricting  band  becomes  deeply  embedded. 
When  the  circulation  is  completely  occluded,  the  penis  immediately  be- 
comes enormously  swollen,  tense,  and  cold,  the  skin  assuming  a  shiny  ap- 
pearance. Difficult  urination  is  present  from  the  onset,  and  retention 
soon  follows.  If  relief  is  not  prompt,  rupture  of  the  urethra  or  gangrene 
may  develop. 

Treatment  consists  in  removing  the  constricting  object  as  soon  as 
possible.  If  extravasation  of  urine  has  occurred,  perineal  drainage  must 
be  instituted. 

Aneurism  of  the  cavernous  bodies  or  dorsal  artery  of  the  penis  is 
extremely  rare.  A  case  is  recorded  by  Malgaigne  in  which  the  condition 
developed  as  the  result  of  a  punctured  wound. 

A  rupture  of  the  superficial  veins  of  the  penis  occasionally  occui^s 
as  the  result  of  a  fall  or  a  blow.  There  are  slight  swelling  and  discolora- 
tion, and  hematoma  may  develop,  demanding  operative  measures. 
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Phimosis* — ^This  condition  may  be  either  congenital  or  acquired. 
The  prepuce  completely  covers  the  glans  penis,  the  orifice  being  so  con- 
tracted that  retraction  is  either  impossible  or  accomplished  only  with 
difficulty  and  pain.  If  restoration  is  not  prompt,  paraphimosis  may 
develop. 

Symptoms. — In  congenital  phimosis  there  is  difficult  urination,  the 
bladder  being  emptied  only  after  considerable  straining.  If  the  ob- 
struction is  not  relieved,  congestion  of  the  urethra  and  bladder  follows, 
and  urethritis  and  cystitis  develop.  There  are  pain  and  an  urgent  desire 
to  urinate.  The  urine  is  cloudy,  due  to  the  presence  of  pus,  and  in  poorly 
nourished  children  it  contains  an  excess  of  either  urates  or  phosphates. 
Retention  may  occur,  but  incontinence  is  more  common.  The  symptoms 
closely  simulate  those  of  vesical  calculi.  In  long-standing  cases  of  urinary 
obstruction  the  condition  is  frequently  complicated  by  the  formation  of 
vesical  calculi.  It  should,  therefore,  be  a  routine  method  of  treatment, 
in  phimotic  cases,  to  explore  the  bladder  immediately  after  circumcision 
has  been  performed.  In  these  cases,  in  addition  to  the  symptoms  of 
irritable  bladder,  the  child  manifests  a  tendency  to  pull  at  the  prepuce; 
tenesmus,  priapism,  and  prolapse  of  the  anus  are  also  present. 
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Fig.  249. — Paraphimosis  (Fowler). 
1 ,  The  coronary  sulcus;  2,  edematous  and  brawny 
collar  of  mucous  membrane;    3,  deep  furrow  the 
actual  seat  of  constriction;  4,  ridge  of  swollen  skin; 
5.  scrotum. 


A  pin-point-sized  opening  of  the  prepuce  is  attended  with  dribbling  of 

urine,  the  retained  urine  in  the 
preputial  sac  ultimately  giving 
rise  to  balanitis. 

A  tight  and  adherent  prepuce 
retards  the  development  of  the 
glans,  and  may  give  rise  later  to 
the  development  of  balanitis, 
with  adhesion  of  the  prepuce  to 
the  glans  penis,  thickening  and 
hypertrophy  of  the  foreskin, 
leading,  in  children,  to  sexual 
excitement  and  a  tendency  to 
masturbate.  In  later  life  it  is 
known  to  be  a  strong  predis- 
posing factor  to  the  develop- 
ment of  epithelioma,  and  is  a 
serious  complication  in  venereal 
infection. 

The  acquired  form  of  phimo- 
sis is  quite  common,  and  is  due  to  inflammatory  changes  brought  about 
by  balanoposthitis,  elephantiasis,  hypertrophy  from  chronic  lymphangitis, 
venereal  infections,  and  other  chronic 
inflammatory  processes.    The   con- 
dition often  disappears  after  the  in- 
flammatory  process    has   subsided. 
A  permanent   phimosis  of  the   ac- 
quired variety  exhibits  but  little  re- 
dundancy, but  shows  a  marked  con- 
traction of  the  preputial  ring,  which 
is  fibrous  in  character. 

The  treatment  for  phimosis  is 
operative  (see  p.  487). 

Paraphimosis.— This  is  a  more 
serious  condition  than  phimosis.  It 
may  be  described  as  a  strangulation 
occurring  behind  the  corona  glandis, 
caused  by  retraction  of  a  prepuce 
having  a  constricted  orifice.  The 
condition  may  be  acute,  subacute, 
or  chronic.  When  it  occurs  inde- 
pendently of  inflammatory  disease 
of  the  organ,  it  is  said  to  be  "ac- 
cidental.*' 

The  symptoms  of  the  acute  and  subacute  varieties  differ  only  in  degrees 
of  severity.  The  earliest  symptom  is  swelling  of  the  folds  of  the  prepuce 
behind  the  glans  penis.  These  bands  may  reach  an  enormous  size. 
They  take  on  an  angry  red  color,  and,  if  the  constriction  remains  unre- 


FiG.    250. — Reduction    of     Paraphimosib. 
First  Method  (Fowler). 
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lieved,  may  become  black.  The  skin  of  the  entire  organ  becomes  ede- 
matous, and  the  penis  assumes  a  bizarre  appearance.  Pain  is  intense. 
A  tight  constriction  that  is  allowed  to  go  unrelieved  may  cause  gangrene; 
more  commonly,  ulceration  of  the  constricting  bands  takes  place,  re- 
lieving the  obstruction  to  circulation  and  resulting  in  cure. 

A  chronic  paraphiTnosis  usually  follows  an  acute  condition  in  which  the 
symptoms  were  mild.  According  to  Jacobson,  it  may  develop  spon- 
taneously, without  producing  any  discomfort.  The  penis  remains 
hypertrophied  and  misshapen. 

Treatment  consists  in  prompt  reduction  by  manipulation;  if  this 
fails,  division  of  the  constricting  band  is  indicated  (see  p.  488). 

Priapism. — In  this  condition  the  penis  is  continually  in  a  state  of 
either  semi-  or  complete  erection,  sexual  excitement  and  desire  being 
absent.  In  the  incomplete  form  there  is  marked  turgescence,  the  body  of 
the  organ  being  partially  distended  and  the  glans  remaining  soft  and 
flaccid.  There  is  but  slight  dis- 
comfort. In  the  complete  variety 
the  organ  is  erect,  firm,  and  pain- 
ful. 

The  condition  may  develop 
suddenly,  without  assignable 
cause;  more  commonly  it  is  due 
to  an  inflammatory  process  affect- 
ing the  body  of  the  penis  or  the 
urethra.  It  may  be  symptomatic 
of  injury  or  disease  of  a  distant 
structure  of  the  body,  and  may 
follow  various  operative  proced- 
ures. In  children  it  results  from 
an  adherent  prepuce,  vesical  cal- 
culi, or  ascarides. 

The  severity  of  the  symptoms 
is  dependent  upon  the  exciting 

cause  and  the  form  of  the  erection.  The  most  distressing  symptoms  ac- 
company rupture  of  the  erectile  tissues,  with  extravasation  of  blood  into 
the  cavernous  envelop.  Pain  is  proportionate  to  the  amount  of  rigidity. 
There  is  difficulty  in  micturition,  and  occasionally  retention  occurs. 
Catheterism  is  often  accomplished  only  with  difficulty.  The  penis 
may  assume  the  upright  position,  coming  in  contact  with  the  pubes, 
or  it  may  be  bent  at  an  angle.  When  the  sjniptoms  subside,  the  penis 
presents  a  shriveled  appearance,  and  complete  erection  is  impossible. 
Permanent  impotence  may  follow.  Phlebitis,  thrombosis,  gangrene, 
celluhtis,  or  abscess  may  complicate  the  condition  and  terminate  in 
death. 

The  treatment  in  the  temporary  intermittent  form  consists  in  re- 
moving the  source  of  irritation.  When  it  results  reflexly  from  operative 
procedures,  rest,  purgatives,  and  large  doses  of  sodium  bromid  should 
be  prescribed.     ^lorphin,  the  bromids,  chloral,  and  belladonna  are  the 
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Fig.  251. — Reduction  op  Paraphimosis. 
Second  Method  (Fowler). 
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only  remedies  that  are  useful.  A  cold  moist  sedative  dressing  should  be 
kept  constantly  applied.    Retention  of  urine  calls  for  catheterism. 

When  due  to  extravasation  of  blood,  free  incision  will  give  prompt 
relief  and  may  effect  a  cure.  In  chronic  cases  early  operation  affords 
most  gratifying  results.  A  small  incision  is  made  into  the  most  turgid 
portion  of  the  organ,  at  seat  of  pain,  or  into  the  nodular  masses,  when 
these  exist. 

Fibrous  Sclerosis  of  the  Cavernous  Bodies  and  Corpus 
Spongiosum. — ^This  condition  is  due  to  the  development  of  fibrous 
masses  on  the  sheath,  septum,  or  erectile  tissue  of  the  corpora  cavernosa 
or  corpus  spongiosum.  The  most  common  form  of  this  affection  arises 
insidiously,  without  any  apparent  cause. 

Any  portion  of  the  cavernous  body  may  be  involved.  The  masses 
may  be  unilateral,  bilateral,  or  multiple.  Usually  there  is  a  single 
growth,  situated  near  the  dorsum  of  the  penis.    The  nodular  mass  de- 


FiG.  252. — Horn  of  Pknis  (Demarquay). 

velops  slowly,  and  ultimately  terminates  in  distortion  and  deformity  of 
the  organ,  which,  during  erection,  tends  to  cur\'e  toward  the  abdomen  or 
to  bend  at  right  angles  or  in  the  direction  of  the  affected  side.  The  dis- 
comfort thus  produced  is  the  only  symptom,  although  pain  is  occasionally 
present  in  the  incipient  stage,  or  in  long-standing  cjises  when  turgescence 
occurs.  In  chronic  cases  organic  impotence  develops.  It  usually  ap- 
pears between  the  ages  of  forty-five  and  sixty,  and  is  not  so  rare  as  is 
generally  supposed. 

The  prognosis  is  discouraging,  no  form  of  treatment  having  been 
followed  by  beneficial  results.  The  sexual  disability  occasionally  gives 
rise  to  melancholia,  and  the  character  or  disposition  may  undergo  marked 
change. 

Fibrous  and  Osseous  Transformation  of  the  Penis.— This  con- 
dition is  extremely  rare,  and  little  Is  known  regarding  its  patholog>\ 
The  bony  patches  may  be  single  or  multiple,  and  vary  in  size,  seldom 
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becoming  larger  than  a  dime.     When  the  growth  develops  in  the  erectile 
tissues,  it  may  be  superficial  or  deep. 

Treatment. — ^This  affection  is  incurable,  and  operative  measures 
have  been  unsuccessful. 

Horny  Growths  of  the  Penis.— These  growths  are  rare,  and  of 
interest  to  the  surgeon  from  the  fact  that  they  interfere  with  coition  and 
that  the  base  of  the  growth  shows  a  tendency  to  undergo  epitheliomatous 
degeneration.  They  occur  as  the  re- 
sult of  prolonged  irritation,  or  as  sequels 
to  papillomatous  growths.  Their  pres- 
ence gives  rise  to  no  pain. 

Treatment  consists  of  early  and 
complete  excision. 

Curvature  of  the  Penis.— This 
may  be  either  congenital  or  acquired. 
A  rare  deformity,  described  as  tor- 
sion, is  occasionally  observed.  Marked 
curvature  of  the  penis  is  usually  asso- 
ciated with  other  developmental  de- 
fects, such  as  congenital  shortness  of 
the  corpus  spongiosum,  epispadias,  or 
hypospadias.  Where  the  deformity  is 
marked,  an  attempt  should  be  made  to 
relieve  it  by  means  of  a  plastic  operation 
(see  p.  489). 

Abnormalities  of  the  Penis.— 
Webbed  penis,  or  penis  palm£,  is  a 
rare  congenital  deformity.  The  penis 
may  be  partially  attached  on  its  inferior 
surface  to  the  scrotum;  the  body  of  the 
organ  may  be  completely  retained  in 
the  cutaneous  covering  surrounding  the 
testicles,  the  glans  alone  protruding; 
the  penis  is  generally  stunted  or  poorly 
developed,  and,  finally,  a  hypospadias 
or  a  corpus  spongiosum  that  is  shorter 
than  the  corpora  cavernosa  may  be  re- 
sponsible for  the  incurvation. 

Treatment. — In  favorable  cases  the 
organ  can  be  lil^erated,  some  supple- 
mentary plastic    work    usually   being 

necessary.     If  the  organ  is  rudimentary  or  there  is  complete  hypospadias 
or  congenital  shortening  of  the  corpus  spongiosum,  but  little  can  be  done. 

Rudimentary  Penis  (Micropenis). — This  abnormality  is  said  to 
exist  when  the  organ  is  less  than  two  inches  in  length.  It  is  generally 
associated  with  other  abnormalities  of  the  sexual  organs,  but  may  occur 
in  those  who  are  otherwise  well  developed.  Cryptorchidism  is  a  frequent 
compUcation.     A  penis  that  has  remained  in  an  infantile  condition  until 


Fio.  253.- 


-Undeveloped  Penis;   Unde- 
veloped Tkhtici.e. 
Female  attribute  showing  by  breast,  pel- 
vis and  thigh.s,  and  falsetto  voice. 
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adolescence  is  likely  to  remain  undeveloped  throughout  life.  A  reversion 
from  the  male  type  is  occasionally  seen,  manifesting  itself  in  unusual 
breast  development,  absence  of  hair  on  body  or  face,  and  a  soft, 
effeminate  voice. 

Treatment, — A  penis  that  is  unusually  small  at  birth  requires  no 
treatment:  development  generally  takes  place  at  the  time  of  puberty. 
In  young  adults  the  organ  may  attain  normal  proportions  when  physical 
activity  is  established. 

Various  forms  of  apparatus  have  been  devised  for  developing  the 


Fio.  254. — Hypertrophy  of  the  Penib  with  Multiple  Papilloma. 


organ,  and  although  in  several  instances  gratifying  results  were  ob- 
tained, in  others  no  benefit  followed  their  use. 

Megalopenis. — Occasionally  the  penis  is  so  large  as  to  prevent  coitus 
and  be  a  source  of  annoyance  and  discomfort  to  its  possessor. 

There  is  no  treatment  for  this  condition. 

Double  Penis. — Cases  of  double  penis  have  occasionally  been  re- 
ported. The  records  show  that  urine  can  l)e  discharged  from  either 
organ,  and  that  both  can  be  employed  in  coitus. 

Tumors  of  the  Penis. — Tumors  of  the  penis  differ  in  no  essential 
way  from  similar  growths  in  other  portions  of  the  body.  They  may  be 
either  benign  or  malignant.    Those  most  frequently  encountered  are 
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papilloma  and  carcinoma.     A  few  cases  of  lipoma,  adenoma,  angeioma, 
chondroma,  and  osteoma  have  been  reported. 

Papillomatai  or  warts,  are  more  frequently  seen  on  the  external 
genitals  of  the  male  than  on  those  of  the  female.  The  soft  moist  variety 
is  the  form  most  usually  encountered  in  children  and  young  adults. 
The  tendency  to  their  development  decreagps  after  middle  life.  When 
they  occur  in  the  aged,  they  are  generally  of  the  dr>',  hard  variety,  and 
are  extremely  likely  to  undergo  malignant  changes,  resulting  in  the  de- 
velopment of  a  papillomatous  carcinoma. 

Papillomata  may  be  single  or  multiple  in  number,  the  latter  being 
the  most  common.  The  tumors  may  be  sessile  or  pedunculated.  When 
associated  with  a  phimosis, 
they  may  assume  enormous 
proportions,  finally  causing 
a  perforation  of  the  prepuce 
with  protrusion  of  the  glans. 

Treatment.  —  Cleanliness 
is  absolutely  essential.  In 
recent  small  growths  lactic 
acid  is  almost  a  specific. 
The  tip  of  each  wart  should 
be  touched  with  the  acid 
once  daily.  In  all  other 
cases  excision  shf)uld  be 
performed  after  the  manner 
described  on  p.  489. 

Elephantiasis  of  the 
penis  has  been  fully  con- 
sidered in  another  chapter 
(Vol.  II,  p.  595). 

Sarcoma. — This  is  the 
most  serious  of  the  tumors 
involving  the  penis.  Un- 
fortunately, the  condition 
has  made  considerable  pro- 
gress before  its  true  nature 

is  suspected.     It  may  occur  either  primarily  or  secondarily,  the  former 
being  the  most  common. 

The  tumor  usually  originates  in  the  erectile  tissue,  grows  with  great 
rapidity,  and  may  reach  the  size  of  a  fetal  head.  The  surrounding 
structures  rapidly  become  involved.  In  about  one-half  the  cases  the 
inguinal  glands  are  afifected.  The  mass  finally  fungates,  and  ulceration 
with  hemorrhage  occurs.  Pain  is  intense,  and  frequent  erections  add 
to  the  distress  of  the  patient;  in  the  later  stage,  priapism  is  not  unusual. 

Death  occurs  in  from  ten  months  to  two  years. 

The  prognosis  is  dependent  on  an  early  recognition  and  on  prompt 
surgical  intervention. 

Treatment  is  operative,  and  consists  of  amputation  or  complete  ex- 


FiQ.  256. — Carcinoma  or  the  Penis. 
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tirpation  of  the  organ.  In  inoperable  cases  palliative  measures  must  be 
resorted  to. 

Carcinoma. — A  few  cases  of  medullary  carcinoma  have  been  re- 
ported, developing  in  young  adults,  usually  as  the  result  of  injury. 
Scirrhus  is  one  of  the  rarest,  and  epithelioma  one  of  the  commonest,  forms 
of  malignant  tumors  involving  the  organ. 

Among  the  predisposing  causes  may  be  mentioned  want  of  cleanli- 
ness; chronic  posthobalanitis ;  neglected  papillomatous  growths;  phi- 
mosis, especially  in  men  of  advanced  years.  Not  infrequently  epithe- 
lioma has  developed  as  the  result  of  traumatism;    it  may  also  originate 


Fio.  266. — Inoperable  Carcinoma  op  the  Penis.     Duration  Six  Months,  Showino  Unusual 

Malignancy. 


in  an  old  cicatrix  left  by  a  chancre  or  a  chancroid,  and  at  the  site  of  healed 
syphilitic  ulcers. 

It  usually  appears  first  upon  the  epithelial  reflection  of  the  prepuce, 
in  a  sebaceous  gland,  or  on  the  dorsal  aspect  of  the  glans,  about  the 
corona.  It  has  a  tendency  to  remain  localized  for  some  time  before  at- 
tacking the  body  of  the  organ.  The  ''precancerous  stage,''  in  which  a 
chronic  inflammatory  process  rebellious  to  treatment  exists,  may  persist 
for  from  a  few  weeks  to  two  years  before  typical  symptoms  of  malig- 
nancy present  themselves.  The  growth  usually  develops  superficially, 
but  may  arise  in  the  deeper  structures  of  the  organ.  The  lesion  is  indo- 
lent, tends  to  persist,  and  does  not  yield  to  treatment. 

The  symptoms  of  carcinoma  vary  in  different  cases  according  to  the 
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age  of  the  patient,  the  nature  of  the  exciting  cause,  and  the  existence  of 
complications. 

A  secondary  carcinomatous  growth,  developing  in  the  lymphatics  and 
involving  the  cavernous  bodies,  is  sometimes  encountered,  originating 
from  a  primary  epithelial  carcinoma  of  the  distal  extremity  of  the  organ 
(Fig.  25iB).  Such  tumors  have  a  tendency  to  burst  through  the  cutaneous 
sheath  and  appear  as  large  cancerous  masses. 

A  positive  diagnosis  cannot  be  reached  without  a  microscopic  ex- 
amination. As  a  rule,  the  glands  of  both  groins  are  diseased  at  the  time 
the  patient  comes  under  the  surgeon's  care.  Constitutional  effects  mani- 
fest themselves  at  various  times  during  the  course  of  the  affection,  but  not 
unusually  the  physical  condition  remains  excellent  even  in  the  advanced 
stage  of  the  disease. 

The  prognosis  depends  on  early  recognition  of  the  character  of  the 
affection  and  on  prompt  surgical  interference. 

Treatment  consists  in  early  radical  operation.  When  the  glands 
alone  are  affected,  I  make  it  a  rule  to  amputate  at  about  the  middle  of 
the  organ.  If  the  cavernous  bodies  have  become  infiltrated,  extirpation 
should  be  performed.  Any  associated  enlarged  glands  should  be  ex- 
tirpated.    (For  the  technic  of  these  operations  see  p.  490.) 

OPERATIONS  UPON  THE  PENIS. 

Circumcision. — The  instruments  required  are  four  hemostatic  for- 
ceps; a  sharp-toothed  dissecting  forcejis;  circumcision  forceps;  straight, 
blunt-pointed  scissors  and  scissors  with  curved  blades;  a  small  straight 
needle  threaded  with  a  long  strand  of  fine  gut, 
and  four  fine  catgut  ligatures. 

The  field  of  operation  is  rendered  sterile. 
The  prepuce  is  grasped,  by  means  of  a  pair  of 
catch  forceps,  directly  in  the  median  line,  on  the 
upper  and  lower  margin  of  the  mucocutaneous 
junction. 

The  tissues  are  put  on  the  stretch  and  drawn 
forward  as  far  as  required,  and  the  circumcision 
forceps  adjusted.  When  the  blades  of  the  for- 
ceps are  closed  on  the  foreskin,  they  should  be 
parallel  to  the  line  made  by  the  corona  glandisy  fig.  257.— Circumcision. 
when  they  will  be  in  a  position  oblique  to  the  faToy" prepSc/T'bS 

axis   of  the  penis.     The  foreskin  is  next  dis-  Injkcted  with  cocain. 

sected  away  by  means  of  scissors,  just  above 

and  close  to  the  blades  of  the  circumcision  forceps;  the  latter  are  then 
removed.  It  will  now  be  found  that  the  glans  is  covered  by  the  mucous 
layer,  whicb  is  divided  in  the  median  line,  throughout  its  entire  length, 
with  scissors.  The  flap  of  mucous  membrane  on  each  side  of  the  glans 
should  be  seized  at  the  upper  and  lower  angle  by  an  assistant  with 
hemostatic  forceps,  and  then  trimmed  away  by  the  surgeon.  At  least  one- 
eighth  of  an  inch  should  be  left  for  the  application  of  sutures.     Bleeding 


SURGERY  OF  THE  PENIS  AND  URETHRA. 


vessels  should  be  ligated,  and  skin  and  mucous  membrane  approximated 
by  means  of  interrupted  catgut  sutures.  A  dressing  should  be  applied, 
consisting  of  a  narrow  strip  of  sterilized  gauze  folded  upon  itself  three 
times  to  make  slight  pressure.  Only  the  suture  line  is  covered,  the  meatus 
being  left  exposed.     The  dressing  should  be  kept  constantly  saturated 


Flo.  258. — CiRcuMciMox.  Prepuce  Drawn  For- 
ward: Application  of  Circumcision  For- 
ceps Parallel  to  the  Corona  Glandis. 


Fig.  259. — Circumcision.  Skin  Re- 
moved, Mucous  Membrane  Drawn 
Forward  and  Divided  on  thb 
Dorsum. 


with  lead-water  and  laudanum,  and  should  not  be  changed  for  tw^enty- 

four  hours. 

Operation  for  Paraphimosis,— If  seen  soon  after  the  accident, 

the  parts  can  usually  be  restored  to  their  normal  position  by  taxis.     If 

there  is  much  distention  from  effusion  of  serum,  the  latter  should  first 

be  evacuated  by  making  small  punc- 
tures in  the  integument.  The  sur- 
geon grasps  the  organ  with  the  left 
hand  and  supports  it  firmly,  while 


Fia.  260. — Circumcision.  Divided  Mucous 
Membrane  Drawn  Forward  and 
Trimmed  away  Parallel  to  the  Curve 
OF  the  Corona. 


Fig.  261 . — Circumcision.    Completion  op  Opbb* 
ATiON ;  Application  op  Sutures. 


with  the  thumb  and  first  two  fingers  of  the  right  hand  he  squeezes  out  as 
much  blood  as  possible  from  the  head  of  the  penis;  with  the  hand  holding 
the  organ  he  attempts  to  push  the  prepuce  back  into  place.  *  If  restora- 
tion cannot  be  effected,  the  constricting  band  should  be  divided  with  a 
curved  bistoury  on  the  dorsum  in  the  median  line.  In  long-standing  cases 
it  will  be  found  impossible  to  restore  the  prepuce  to  its  normal  position. 
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Operation  for  Incurvation  of  the  Penis.— When  an  incurvation 
is  due  to  some  constricting  band  affecting  the  cavernous  bodies,  the 
operation  suggested  by  Physick  may  be  employed.  An  incision  one 
inch  in  length  is  made  in  the  median  line,  beginning  just  back  of  the  glans, 
dividing  the  structures  down  to  the  fibrous  sheath  of  the  corpus  spon- 
giosum. A  wedge-shaped  portion  of  the  cavernous  tissue  is  excised  just 
a  few  lines  behind  the  head  of  the  penis.  The  V-shaped  incision  extends 
down  to  the  corpus  spongiosum.  The  amount  of  erectile  tissue  should  be 
just  sufficient  to  overcome  the  deformity.  Bleeding  vessels  should  be 
ligated  and  the  cut  edges  of  the  fibrous  sheath  of  the  corpora  cavernosa 
approximated  by  buried  catgut  sutures,  after  which  the  wound  in  the 
skin  should  be  closed  and  a  moist  cold  antiseptic  dressing  applied. 

For  the  relief  of  a  dow^nward  deformity  associated  with  a  hypospadias 
Duplay  advocates  making  one  or  more  transverse  incisions  upon  the 


Fig.  262. — Division  of  the  Conbtrictino  Ring  in  Paraphimosis. 


under  surface  of  the  penis,  completely  dividing  the  constricting  bands, 
incising  the  corpora  cavernosa  deeply  if  necessary.  The  two  extremities 
of  the  wound  are  united  first  by  means  of  fine  silk  sutures,  after  which  the 
edges  are  approximated  in  the  usual  manner,  the  suture  line  being  placed 
longitudinally. 

Excision  of  Extensive  Papilloma  of  the  Penis.— If  phimosis 
exists,  circumcision  or  division  of  the  prepuce  on  the  dorsal  aspect 
in  the  median  line  must  first  be  performed.  A  rubber  band  is  fastened 
securely  around  the  base  of  the  penis,  to  control  hemorrhage.  The 
surgeon  grasps  the  penis  firmly  in  the  left  hand,  an  assistant  holding  the 
glans  with  a  pair  of  catch  forceps ;  by  means  of  the  scissors  with  curved 
blades  one  mass  after  another  is  rapidly  excised,  the  incision  being  made 
as  low  down  on  the  base  of  the  tumor  as  possible.  The  entire  cut  surface 
is  touched  with  the  dull  red  cauter>',  and  the  wound  dressed  with  iodo- 
form gauze  so  applied  as  not  to  cover  the  meatus. 
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Ligation  of  the  Dorsal  Artery  or  Vein  of  the  Penis.— The  dorsal 
artery  may  require  ligation  because  of  injury  or  disease,  and  for 
the  relief  of  a  form  of  impotence  caused  by  too  rapid  return  of  the 
venous  blood.  When  attempting  to  ligate  the  artery  care  must  be  ob- 
served not  to  injure  the  vein  or  nerve;  when  a  ligature  is  to  be  passed 
around  the  vein,  the  arterj^  should  be  shielded.  A  median  incision  three- 
quarters  of  an  inch  in  length  is  made  two  inches  in  front  of  the  pubic 
bone.  After  dividing  the  skin  and  superficial  fascia  the  superficial  dorsal 
vein  is  exposed,  and  must  be  carefully  pushed  aside  to  avoid  injur>'.  The 
groove  of  the  corpora  cavernosa  is  sought,  and  the  layer  of  fascia  cover- 


FiQ.  263. — Amputation  of  the  Penw. 

Putting  penis  on  stretch  and  application  of 

tourniquet:  a.  Line  of  incision. 


Fig.  264. — Amputation  of  the  Penis. 
Circular  incision    of    akin    and  fascia  of 
penis  with  formation  of  flap,     a.  Point  of  in- 
cision through  the  corpus  cavernosa;   6,  point 
of  incision  through  the  corpus  spongiosa. 


ing  it  is  carefully  divided  with  the  grooved  director,  when  the  arter\'',  ac- 
companied by  the  vein  and  nerve,  will  be  exposed  and  may  be  ligated. 

Amputation. — The  galvanocautery  has  now,  fortunately,  fallen  into 
disuse.  There  are  two  recognized  methods  of  amputation,  the  one 
by  an  anterior  and  posterior,  and  the  other  by  a  circular  flap  operation. 
Of  these,  the  latter  is  to  be  preferred.  A  metal  bougie  is  inserted  into 
the  urethra.  If  a  phimosis  exists,  the  prepuce  should  first  be  laid  open, 
in  order  that  the  tumor  may  be  inspected  and  the  diagnosis  verified.  The 
glans  penis  is  now  caught  with  catch  forceps  and  pulled  forward,  being 
then  passed  to  the  assistant  who  holds  the  bougie.  With  a  sweep  of  the 
knife  a  circular  incision  is  made  well  back  of  the  diseased  tissue,  com- 
pletely encompassing  the  organ,  and  dividing  the  skin  down  to  the  fibrous 
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structure  of  the  cavernous  bodies.  The  skin-flap  is  then  dissected  back 
until  it  is  of  sufficient  length  to  form  a  comfortable,  roomy  covering 
for  the  stump.  The  corpora  cavernosa  are  next  divided  down  to  the 
corpus  spongiosum,  after  which  the  urethra  is  dissected  free  from  its 
attachment  to  the  organ  for  a  distance  of  at  least  a  quarter  of  an  inch  in 
advance  of  the  point  at  which  the  cavernous  bodies  were  severed,  care 
being  taken  not  to  injure  the  canal,  after  which  the  spongy  body  contain- 
ing the  urethra  is  divided,  which  will  result  in  the  corpus  spongiosum 
being  slightly  longer  than  the  stumps  of  the  corpora  cavernosa. 

The  dorsal  artery  and  veins  are  Ugated  and  the  tourniquet  is  removed; 
a  gush  of  blood  from  the  erectile  tissue  generally  follows,  but,  as  a  rule, 
the  bleeding  ceases  almost  immediately.  Occasionally  the  cavernous 
arteries  will  require  ligation.  The  urethra  is  now  divided  for  at  least  one- 
quarter  of  an  inch  on  the  floor  of  the  canal.  The  skin  is  pulled  over  the 
end  of  the  stump,  and  two  interrupted  sutures  are  applied,  one  at  each 


Via.  265. — Amputation  of  the  Penis. 
Division  of  corpuH  cavernosum  with  dissection  of 
urethra;   showing  division  of  the  urethra  (a)  on  the 
floor  with  formation  of  a  fan'-shaped  flap. 


Fig.  286  — Amputation  of  the  Penib. 
Completion  of  operation. 


comer.  The  urethra  is  next  sutured  to  the  margin  of  the  skin,  so  that 
when  the  operation  is  completed,  the  urethral  opening  is  spread  out  and 
has  a  large  roomy  orifice.  A  soft-rubber  catheter  is  inserted,  and  con- 
tinuous drainage  established  until  union  takes  place. 

Extirpation  of  the  Penis.— If  there  is  glandular  involvement,  the 
glands  are  first  removed,  after  the  following  manner,  suggested  by 
Curtis.  An  incision  is  begun  on  one  side,  parallel  to  Pou part's  ligament, 
and  continued  across  the  pubic  bone  to  the  groin  of  the  opposite  side. 
An  upper  and  a  lower  skin-flap  are  dissected  a  little  distance  beyond  the 
diseased  glands.  The  incision  is  then  carried  downward  until  the  fascia 
of  tfie  external  oblique  is  reached,  after  which  the  entire  mass  of  fat  and 
glands  is  dissected  free  from  the  abdominal  fascia  until  Poupart's  liga- 
ment is  reached.  The  same  procedure  is  instituted  below  as  was  carried 
out  above.  Beginning  below  the  mass  and  working  upward,  the  fat  and 
glands  are  dissected  free  from  Scarpa's  space.    The  upper  and  lower  dis- 
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sections  are  continued  until   they  meet  at   Poupart's  ligament.    The 
opposite  groin  having  been  treated  in  a  similar  manner,  the  surgeon  pro- 


Fia.  267. — Extirpation  of  the  Penis,  Show- 
ing Circular  Incimon  of  Skin  and  Fab- 
ciA  around  the  Body  of  the  Penib  at 
THE  Penoscrotal  Junction. 


Fia.  268. — Extirpation  of  the  Penis.    In- 
cision Separating  the  Testicles. 


Fig.  269. — Extirpation  of  the  Penis.     The 
Tp»ticle8  Separated. 


Fig.  270. — Extirpation  of  the  Penis,  Show- 
ing Dissection  of  Urethra. 


ceeds  to  extirpate  the  organ.     The  patient  is  placed  in  the  perineal  lithot- 
omy position.    A  steel  bougie  is  inserted  into  the  urethra.     An  incision 
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is  made  along  the  raph6  of  the  scrotum  from  the  root  of  the  penis  down  to 
the  perineum.  By  the  aid  of  scissors  and  blunt  dissection  the  scrotum  is 
divided  in  the  middle  Une,  separating  the  tunica  vaginalis,  each  con- 


i..^       1 


Fio.  271. — Extirpation  of  the  Penis.  Di- 
vision OF  Suspensory  Ligament  and 
Exposure  of  the  Crural  Attachments 
TO  THE  Pubic  Bone. 


Fig.  272.— Extirpation  of  the  Penis.  Com- 
plete Extirpation  with  Urethra 
Pulled  Down  and  Divided  on  the  Roof 
to  Make  a  Fan-shaped  Flap. 


taining  a  testicle,  which  is  held  aside  until  the  corpus  spongiosum  is 
freely  exposed  at  the  bottom  of  the  wound.    The  corpus  spongiosum  is 
next  dissected  free  from  its  attachment  to  the  cavernous  bodies.     The 
urethra  is  freed,  if  necessary,  as 
far  back  as  the  anterior  leaflet 
of  the  triangular  ligament.  The 
bougie   is   removed,   and    the 
urethra  cut  across  and  placed 
to  one  side  until  the  succeeding 
steps  of  the  operation  are  com- 
pleted.   A  circular  incision  that 
completely  surrounds  the  root 
of  the  penis  and  divides  the 
skin  down  to  the  fibrous  sheath 
of  the  penis  is  now  made. 

The  skin-flap  is  pushed  back 
toward  the  pubes,  the  suspen- 
sory ligament  divided,  and  the 
cavernous  bodies  detached  until 
only  those  of  the  crura  remain, 
which  are  severed  in  turn.  This 
procedure    may    be    rendered 

bloodless  by  employing  the  angiotribe  devised  by  Downes.     All  bleeding 
Tessels  being  controlled,  the  detached  penis,  together  with  the  mass  of 


Fio.  273. 


-Extirpation  of  the  Penis. 
Completed. 


Operation 
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fat  and  glands  that  is  still  attached  to  the  organ  by  a  pedicle  consisting 
of  fat  and  lymphatic  vessels,  is  removed  en  masse.  The  skin  wound  is 
closed  by  interrupted  silkworm-gut  sutures.  The  urethra  is  split  on  its 
under  surface  for  at  least  half  an  inch,  and  fastened  to  the  skin  surface 
as  far  anteriorly  as  possible.  A  soft-rubber  catheter  is  inserted  and 
allowed  to  remain  until  the  sutures  are  removed  on  the  seventh  day.  A 
light  antiseptic  dressing  is  applied. 


SURGERY  OF  THE  URETHRA. 
URETHROSCOPY. 

The  direct  visual  examination  of  the  urethra  is  accomplished  with  the 
aid  of  the  urethroscope.  One  of  the  most  satisfactory  of  the  various 
forms  of  this  instrument  that  have  been  devised  is  that  equipped  with 
Koch's  tube,  which  is  so  arranged  as  to  admit  the  light  and  at  the  same 
time  permit  the  application  of  medicaments  to  any  portion  of  the  urethra. 

A  most  satisfactory  and  useful  form  of  endoscopic  tube  for  examining 
the  posterior  portion  of  the  urethra  has  been  perfected  by  Swinburne; 
it  permits  inflammatory  changes  in  the  membranous  and  prostatic  portions 
to  be  easily  seen.  The  Marks  instrument  is  useful  in  those  cases  in  which 
the  urethra  is  to  be  distended  with  air  before  the  examination  is  made. 
The  endoscope  exposes  to  view  only  a  small  portion  of  mucous  mem- 
brane, which  appears  at  the  terminal  orifice  of  the  tube;  by  moving  the 
tube  forward  and  backward,  however,  the  entire  canal,  from  the  beginning 
of  the  posterior  urethra  to  the  meatus,  may  be  inspected. 

Endoscopic  tubes  are  provided  with  obturators  that  close  the  orifice 
at  the  end  of  the  instrument,  thus  facilitating  the  introduction  of  the 
tube  into  the  urethra.  The  surgeon  who  desires  to  acquire  skill  in  the 
use  of  the  endoscope  must  first  familiarize  himself  with  the  picture  of 
the  normal  urethra  as  seen  through  the  instrument.  With  the  aid  of  the 
urethroscope  the  surgeon  is  enabled  to  diagnose  and  treat  locally  chronic 
inflammatory  lesions  of  the  urethra  and  processes  involving  the  lacunae  of 
Morgagni  or  Littr6's  glands;  by  its  aid,  also,  he  can  remove  polypi, 
calculi,  and  foreign  bodies  from  the  urethra,  and  by  means  of  it  he  may 
occasionally  discover  the  position  of  the  opening  in  a  stricture  of  small 
caliber. 

When  making  an  examination  of  the  urethra  for  the  purpose  of  as- 
certaining whether  inflammatory'  changes  have  taken  place,  the  obserx^er 
must  first  learn  whether  or  not  the  normal  elasticity  of  the  canal  has  be- 
come impaired.  In  the  healthy  urethra  the  walls  of  the  canal  are  thrown 
into  folds  as  the  endoscopic  tube  is  withdrawn,  whereas  in  cases  of  long- 
standing urethritis  the  canal  becomes  rigid  and  will  be  found  to  be  non- 
dilatable  at  points,  these  changes  being  generally  due  to  peri-urethral 
cell  infiltration.  The  pathologic  change  next  to  be  sought  for  is  a  de- 
viation from  the  normal  vascularity  of  the  urethra.  Localized  well- 
defined  areas  of  congestion,  known  as  "congested  patches/'  are  often 
found  near  the  fossa  navicularis  and  in  the  region  of  the  penoscrotal 
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junction.  These  are  always  associated  with  chronic  catarrhal  urethritis. 
A  congested  patch  that  becomes  covered  with  pin-point-sized,  velvety, 
papillomatous  growths  is  known  as  a  "granular  patch."     These  lesions 


Fio.  274. — Prostatic  URirrHRA,  Upper  Por- 
tion (Stern). 
One  and  one-half  cm.  below  internal  urinary 
meatus. 


Fio.  276. — Prostatic  Urethra,  Middle  Por- 
tion (Stern). 
Caput  galli  and  sinus  pocularis  with  orificea 
of  ejaculatory  ducts. 


are  usually  about  the  meatus  and  on  the  floor  of  the  urethra.    The  con- 
dition sometimes  follows  as  the  result  of  instrumentation. 

The  normal  luster  of  the  urethral  mucous  membrane  becomes  altered 
as  the  result  of  chronic  inflammatory'  conditions,  and  any  deviation 
should  be  carefully  noted.     Superficial  erosions  and  ulcerations  are  oc- 


Fio.  276. — Prostatic  Urethra.  Lower  or 
Pre-pro8tatic  Portion  (Stern). 
Gradual  deprei^ion  of  crista  galli. 


Fig.  277. — Membranous  Urethra  (Stem). 


casionally  observed.  When  they  occur,  they  are  usually  situated  near 
the  meatus  or  in  the  prostatic  urethra.  Fenwick  describes  a  condition, 
frequently  seen,  in  which  white,  sodden-looking  patches  of  epithelium, 
which  he  terms  "nacreous  patches."  stand  out  in  marked  contrast  to 
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the  surrounding  healthy-looking  mucous   membrane.     This   conditioi 
always  indicates  peri-urethral  cell  infiltration. 

Normally,  folds  of  mucous  membrane  are  found  at  the  bulbous  portioi 
of  the  urethra — principally  on  the  floor.     A  chronic  urethritis  attackinj 


Fio.  278. — Bulbous  Urethra  (Stem). 
Vertical  slit-shaped  lumen  anterior  to  triangu- 
lar ligament. 


Fig.  279. — Perineal  Portion  (Stem). 
Triangle-ehaped  lumen. 


the  bulbous  urethra  causes  swelling  and  edema  of  these  folds — a   con 

dition  always  associated  with  the  most  intractable  form  of  gonorrhea 

The  lacunae  magnse  are  usually  readily  detected  by  the  urethroscope 

but,  in  the  normal  condition,  the  orifices  of  the  ducts  of  Littr6  are  no 


Fio.  280. — ^Penoscrotal  Junction  (Stem). 

Horizontal    slitHshaped     lumen.      Glands    of 

Littr^. 


Fio.  281. — Pendulous  Urethra  (Stem). 
Round  lumen.    Follicles  of  Morgagni. 


discernible.     The  mouths  of  the  ducts  which  lead  down  to  Cowper'j 
glands  cannot  be  seen  without  the  aid  of  an  aero-urethroscope. 

In  examining  the  posterior  urethra  the  degree  of  congestion  presem 
and  the  existence  of  superficial  erosions  or  ulcerations  should  be  de 
termined.     Rigidity  and  thickening  of  the  verumontanum  and  the  ap 
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pearance  of  the  mouths  of  the  prostatic  and  ejaculatory  ducts  should 
also  be  noted.  A  urethroscopic  examination  will  determine  definitely 
whether  or  not  a  stricture  of  large  caUber  exists,  and  in  strictures  of 
small  caliber  it  may  serve  to  show  the  position  of  the  opening  through 
the  coarctation. 


MALFORHATIONS  OF  THE    URETHRA* 

Hypospadias  is  a  congenital  defect  of  the  anterior  urethra  be- 
lieved to  result  from  arrested  fetal  development. 

Varieties. — The  classification  of  the  various  forms  is  based  on  the  ex- 
tent and  character  of  the  deformity  and  on  the  position  of  the  opening; 
thus  we  have  glandular  or  balanic,  penile,  and  scrotal  hypospadias. 

The  simple  uncomplicated  form  of  glandular  hypospadias  causes 
but  little  discomfort.  The  prepuce  frequently  participates  in  the  de- 
formity or  it  may  be  absent;  it  is  most  commonly  found  to  be  either 
separated  or  absent  on  the  posterior  surface. 

The  penik  form  of  hypospadias  is  a  more  serious  deformity  than  the 
glandular  variety.  The  urethral  orifice  may  be  situated  somewhere  on 
the  under  surface  of  the  penis,  from  just  back  of  the  glans  to  the  scrotal 
portion  of  the  canal.  The  urinary  outlet  is  just  behind  the  base  of  the 
glans,  at  the  middle,  or  at  the  scrotal  portion  of  the  anterior  urethra. 
When  the  urethra  is  intact  as  far  as  the  glans,  the  penis,  although  smaller 
than  normal,  is  usually  a  fairly  well-developed  and  a  ver}^  useful  organ. 
The  extent  of  malformation  of  the  associated  genital  organs  is  usually  in 
direct  proportion  to  the  degree  of  urethral  defect  present. 

In  scrotal  hypospadias  and  perineal  hypospadias  the  penis  is  gen- 
erally stunted,  and  the  glans  may  be  broadened  and  strongly  curved 
downward  toward  the  scrotum.  On  raising  the  organ  a  funnel-shaped 
opening,  lined  with  mucous  membrane,  will  be  discovered,  in  the  deepest 
portion  of  which  is  a  vertical  slit — the  urethral  outlet.  A  deep  cleft 
divides  the  scrotum  into  two  lateral  halves,  each  of  which  may  contain  a 
normal  testicle.  If,  however,  the  testicles  have  failed  to  descend,  the 
scrotal  sacs  will  be  empty.  Incontinence  of  urine  is  very  seldom  as- 
sociated with  hypospadias. 

Treatment. — The  treatment  of  the  simpler  forms  and  of  some  specially 
selected  cases  of  hypospadias  consists  in  the  performance  of  a  series 
of  plastic  operations.  In  any  case,  good  results  are  obtainable  only 
with  great  difficulty.  In  the  scrotal  varieties  surgical  treatment  can  ac- 
complish nothing.  In  ever}''  case  the  ultimate  outcome  is  merely  con- 
jectural; in  selected  cases,  nevertheless,  the  time  and  labor  expended  will 
frequently  be  rewarded  by  a  brilliant  result.  I  have  found  that,  in 
children,  the  best  time  to  perform  the  preliminar}'  operation  is  when  the 
child  is  about  four  years  of  age;  this  consists  in  separating  adhesions 
between  the  penis  and  scrotum  and  in  straightening  the  organ,  and  has 
been  fully  described  on  p.  489. 

Operation, — The  first  stage  consists  in  making  an  effort  to  correct 
the  curvature  of  the  organ  and  in  freeing  scrotal  adhesions,  at  the  same 
VOL.  IV— 32 
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time  restoring  the  glandular  portion  of  the  urethra.  When  the  patient 
has  convalesced  from  the  first  operation,  perineal  drainage  is  instituted 
and  an  effort  is  made  to  restore  the  missing  portion  of  the  urethra,  and, 
finally,  the  continuity  of  the  urethra  is  established  by  closing  the  distal 
and  proximal  opening  of  the  canal  by  means  of  flaps  obtained  from  the 
skin  of  the  penis  and  scrotum.  Usually  several  operations  are  necessary 
before  this  is  accomplished. 

When  the  glandular  urethra  is  represented  by  a  deep  furrow,  the 
restoration  of  the  portion  of  the  canal  that  traverses  the  glans  is  ac- 
complished by  freshening  the  lower  margins  of  the  glans  on  each  side 
sufficiently  to  give  two  raw  surfaces  that  will  be  broad  enough,  when 
approximated  by  means  of  interrupted  sutures,  to  assure  firm  union. 
Into  the  furrow  is  placed  a  short  section  of  a  catheter,  which  is  left  in 
situ  for  four  days,  the  new  urethra  being  formed  over  this. 

If  the  urethral  furrow  is  very  shallow,  or  appears  to  be  absent,  the 
lower  edges  of  the  glans  are  freshened  on  each  side.  In  order  to  form 
a  urethral  groove  an  incision  of  the  required  depth  may  be  made  the 
entire  length  of  the  glans,  or  two  small  lateral  incisions,  extending 
deeply  into  the  substance  of  the  glans,  may  be  made,  and  the  lower  part 
of  the  lips  vivified;  the  final  step  consists  in  molding  the  urethra  over  a 
small  section  of  a  catheter  and  approximating  the  raw  edges  by  means 
of  a  few  interrupted  fine  silk  sutures. 

For  the  relief  of  a  balanic  hypospadias,  or  for  those  cases  in  which 
the  urethral  opening  is  situated  a  short  distance  from  the  base  of  the 
glans.  Beck  has  devised  an  ingenious  operation.  He  describes  it  as 
'*a  forward  dislocation  of  the  urethra.  In  place  of  forming  a  new 
urethra,  the  existing  one  is  utilized  by  dissecting  it  free  and  dislocating 
it  fomv^ard,  so  that  a  new  canal  does  not  need  to  be  created,  the  existing 
urethra  performing  its  function/'  The  technic  of  his  operation  is  as 
follows : 

A  catheter  is  inserted  into  the  urethra  until  the  bladder  is  reached, 
the  leakage  of  urine  being  prevented  by  temporarily  closing  the  outlet. 
A  comparatively  long  silk  suture  is  passed  through  the  walls  of  the 
catheter  and  the  orifice  of  the  urethra;  this  is  knotted  and  utilized  at  a 
later  stage  of  the  operation,  when  it  is  desired  to  fasten  the  urethral 
orifice  to  the  tip  of  the  glans  penis.  The  catheter  acts  as  a  guide,  puts 
the  organ  on  the  stretch,  and  also  serves  as  a  guide  when  dissecting  the 
urethra  free. 

The  isolation  of  the  urethra  is  greatly  facilitated  by  having  the  organ 
well  extended  while  the  dissection  is  in  progress ;  this  is  best  accomplished 
by  fastening  a  thin  wooden  splint  to  the  dorsum  of  the  organ  by  means  of 
gauze;  the  end  of  the  splint,  as  well  as  the  apex  of  the  glans  penis,  is 
grasped  with  catch  forceps  and  pulled  forward.  An  incision  is  now  made 
through  the  skin,  down  as  far  as  the  posterior  third  of  the  penile  urethra. 
The  glans  penis  is  pulled  forward,  and  a  transverse  incision  is  made 
through  the  cutaneous  covering  at  the  base  of  the  glans;  this  should 
encircle  one-third  of  the  neck  of  the  penis.     The  skin-flaps  are  now  dis- 
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sected  back  until  the  lower  third  of  the  penis  is  laid  bare.  The  flaps  are 
well  retracted,  and  the  corpus  spongiosum,  containing  the  urethra,  is 
dissected  from  its  bed  between  the  corpora  cavernosa. 

It  now  remains  to  establish  a  groove  on  the  under  surface  of  theglans, 
or  a  tunnel  may  be  made  through  that  structure  for  the  reception  of  the 
dislocated  urethra.  This  may  be  effected  by  pushing  either  a  trocar  or  a 
narrow  straight  bistoury  through  the  structure  of  the  glans  in  the  direc- 
tion of  the  natural  channel,  dilating  the  canal  thus  constructed  by  means 
of  forceps.  Or  a  lateral  incision  may  be  made  along  the  edges  of  the 
urethral  groove,  on  the  under  surface  of  the  glans,  forming  two  flaps; 
the  resulting  cleft  should  be  sufficiently  deep  and  commodious  to  ac- 
commodate the  transplanted  portion  of  the  urethra.     Finally,  the  edge 


Fio.  282. — Beck's  Operation  por  Balanitic  HTPOSPADiAa   (Fowler). 
A,  Lines  of  incision;     B,  tunneling  for  the  urethra. 


of  the  urethral  orifice  is  grasped  by  means  of  a  delicate  pair  of  catch  for- 
ceps, drawn  up  to  the  top  of  the  glans,  and  anchored  by  means  of  four 
silk  sutures.  The  flaps  forming  the  glans  are  united  around  the  urethra, 
and  the  lateral  skin-flaps  are  likewise  approximated.  It  is  well  to  leave 
a  catheter  k  demeure  in  place  for  a  few  days. 

Various  modifications  of  the  technic  for  restoring  the  penile  urethra 
have  been  suggested  from  time  to  time.  Probably  one  of  the  most 
satisfactory  methods  is  that  devised  by  Thiersch,  and  originally  em- 
ployed by  him  for  the  relief  of  epispadias.  He  first  frees  the  penis  from 
any  existing  adhesions,  corrects  the  cur\^ature,  and  reconstructs  the 
glandular  urethra  in  the  manner  previously  described,  after  which  he 
endeavors  to  form  the  missing  portion  of  the  penile  urethra. 
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Before  attempting  to  restore  the  urethra,  a  preliminary  external 
perineal  urethrotomy  is  performed,  and  perineal  drainage  of  urine  is 
maintained  until  success  of  the  plastic  work  is  assured.  For  the  forma- 
tion of  the  penile  urethra  double  flaps  are  required;  these  are  taken 
from  each  side  of  the  urethral  groove.  The  flap  that  is  to  be  uppermost 
is  the  one  usually  formed  first.  It  is  secured  by  making  a  three-sided 
rectangular  incision  close  to  and  parallel  ^nth  the  urethral  furrow,  the 
length  corresponding  with  the  length  of  the  portion  of  the  urethra  that  is 
to  be  formed.  This  is  illustrated  by  the  line  a  b  (Fig.  284)  at  the  upper 
and  lower  ends  of  the  incision;  two  short  incisions  are  made  at  right 
angles  to  the  first  by  cutting  backvxird  away  prom  the  urethral  groovej  as 
shown  by  the  lines  h  c  and  a  d  (Fig.  284).    This  flap  should  be  so  broad 


Fig.  283. — Beck's  Operation  for  Balanitic  Hypospadias   (Fowler). 
A,  Urethra  in   position;     B,   sutures  applied. 


that,  when  raised,  it  can  be  transposed  to  the  line  g  h  (Fig.  284).  The 
flap  of  the  opposite  side  is  cut  in  a  similar  manner,  except  that  the  three- 
sided  rectangular  incision  is  reversed,  the  two  short  upper  incisions  being 
made  in  an  exactly  opposite  direction  to  the  corresponding  ones  on  the 
other  side,  represented  by  the  lines  e  g  and  /  h  (Fig.  284) ,  and  carried  far 
enough  back  so  that  when  they  are  joined  by  the  incision  g  h  a,  flap  will 
be  obtained  that,  when  dissected  up,  will  be  equal  to  one  and  one-half 
times  the  diameter  of  the  canal  it  is  desired  to  form.  After  the  flaps  are 
formed  it  will  be  obser\^ed  that  the  base  of  the  lower  flap,  efgh,  lies  directly 
along  the  edge  of  the  new  urethra,  whereas  the  base  of  the  other  flap, 
abcd/\8  some  distance  from  the  urethral  groove.  The  flap  efghis  now 
turned  over  so  that  the  cutaneous  surface  presents  downward  and  the 
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raw  surface  uppermost,  and  is  drawn  over  and  fastened  by  means  of 
three  or  four  fine  silk  mattress  sutures  to  the  base  of  the  line  c  d  of  the  flap 
of  the  opposite  side.  The  sutures  passing  through  the  base  of  the  flap  are 
tied  on  the  outside  (Fig.  284 B').  The  second  flap, abed, is  now  drawn 
over  the  first  one  and  adjusted  in  such  a  manner  that  the  denuded  surfaces 
are-  brought  into  contact,  and,  provided  there  is  not  too  much  tension, 
sutured  at  the  base  Une  g  hoi  the  flap  e  f  g  h.  If  this  is  found  to  be  im- 
practicable, the  edge  of  the  flap  should  be  sutured  to  any  portion  of  the 
denuded  surface  to  which  it  can  be  attached  without  producing  ex- 
cessive tension.  When  this  stage  of  the  operation  is  completed,  it  re- 
mains to  close  the  small  opening  that  may  exist  betw^een  the  glandular 
and  the  penile  portion  of  the  newly  formed  canal,  as  well  as  the  hiatus  in 


Fig.  284. — Thiersch's  Operation  for  Penile  Epispadias,  the  Glandular  Urethra  having 

BEEN  Restored. 


the  region  of  the  scrotum.  If  there  is  a  redundant  foreskin,  the  pre- 
putial tissue  may  be  utilized  in  closing  the  opening  that  exists  in  the 
anterior  portion  of  the  canal.  When  the  prepuce  is  undeveloped,  a 
plastic  operation,  using  such  tissue  as  may  be  available,  must  be  em- 
ployed. The  lower  opening  may  be  closed  by  means  of  a  skin-flap  taken 
from  the  scrotum. 

Epispadias  is  a  congenital  deformity  in  which  either  a  portion  or 
the  entire  roof  of  the  urethra  is  undeveloped.  There  are  several  degrees 
of  this  deformity:  (1)  The  defect  in  the  superior  wall  of  the  urethra  may 
be  limited  to  the  glandular  portion;  (2)  it  may  involve  the  penile  por- 
tion; (3)  it  may  involve  the  glandular  and  a  portion  of  the  spongy 
urethra;  (4)  it  may  implicate  the  anterior  portion  of  the  canal  from  the 
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meatus  to  the  pubes.    Thus  we  have  glandular  epispadias,  penile  epi- 
spadias, spongioglandular  epispadias,  and  complete  epispadias. 

Symptoms. — The  extent  of  impairment  of  the  functions  of  the  organ 
is  dependent  upon  the  type  of  epispadias  present.  In  the  simple  gland- 
ular form,  in  which  the  organ  is  otherwise  normally  developed,  coitus 
is  interfered  with  but  slightly.  In  complete  epispadias  incontinence  of 
urine,  either  partial  or  complete,  is  the  rule. 

Treatment. — In  complete  epispadias  the  penis  is  rudimentarj'  and 
the  condition  is,  therefore,  irremediable.  A  simple  glandular  epispadias 
with  a  deep  cleft  is  easily  corrected  by  means  of  a  simple  plastic  operation. 

When  the  urethral  groove  is 
very  shallow  or  absent,  Curtis 
advocates  cutting  flaps  from 
the  glandular  tissue,  after  the 
manner  suggested  by  Thiersch* 
for  the  cure  of  the  penile  de- 
fect. 

I  have  found  the  following 
method,  suggested  by  Duplay, 
probably  the  most  satisfactory 
operation  that  has  been  devised 
for  the  reUef  of  these  deformi- 
ties. 

The  first  step  of  the  opera- 
tion aims  to  free  the  penis  from 
any  adhesions  that  may  exist, 
and  to  straighten  the  organ  in 
the  manner  described  on  p.  489. 
After  an  inter\^al  of  rest  the 
second  step  is  undertaken.  As 
a  preliminary'  measure,  which 
assures  the  success  of  the  plastic 
work,  perineal  drainage  should 
be  instituted  and  maintained 
until  union  of  the  raw  surfaces 
brought  into  apposition  to  form 
the  new  urethra  has  taken  place. 
Duplay  takes  advantage  of  the 
fact  that  the  cavernous  bodies,  instead  of  being  firmly  united,  are  usually 
joined  by  a  fibrous  septum;  thus,  by  depressing  this  septum  by  means  of  a 
glass  rod  or  a  catheter,  the  cor]X)ra  cavernosa  are  brought  into  apposition 
and  the  cleft  thus  formed  is  utilized  to  form  the  floor  and  a  portion  of  the 
sides  of  the  new  canal,  the  roof  being  constructed  by  approximating  the 
denuded  margins  of  the  corpora  cavernosa  by  means  of  a  modified  quilled 
suture.  If  the  urethral  furrow  is  ver>'  shallow  or  undeveloped,  it  be- 
comes necessary  to  construct  a  groove  that  will  correspond  in  length  to 
the  portion  of  the  canal  that  is  to  be  formed;  it  should  be  of  sufficient 
♦*'Amer.  Text-Book  G.  U.  Dis.,"  p.  24. 


Fio.  285. — ^Epispadias. 
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depth  comfortably  to  accommodate  a  rubber  catheter  at  least  15  mm.  in 
circumference.   To  accomplish  this 


^   ^l  f 


a  median  incision  should  be  made 
directly  between  the  cavernous 
bodies,  the  length  and  depth  of 
which  should  be  sufficient,  when 
thereof  of  the  canal  is  constructed, 
to  forai  a  commodious  urethra. 

The  urethral  roof  is  formed  by 
taking  a  parallel  rectangular  strip 
of  tissue,  about  one-fourth  of  an 
inch  in  width,  from  each  side  of 
the  corpora  cavernosa,  and  three- 
fourths  of  an  inch  from  the  mid- 
line of  the  dorsum  of  the  penis,  ex- 
tending from  the  apex  of  the  glans 
penis  down  to  the  epispadic  open- 
ing. The  denuded  surfaces,  to- 
gether with  the  points  for  sutures, 
are  shown  in  Fig.  289.  The  raw- 
surfaces  are  now  brought  into 
apposition  by  means  of  modified 
quilled  sutures.  For  this  purpose 
a  plate  composed  of  lead  or  hard 
nibber  or  a  section  of  catheter  in 
which  holes,  one-fifth  of  an  inch  apart,  have  been  pierced  for  the  passage  of 
thesutures,  may  be  employed;  this,  when  adjusted,  ser\'es  not  only  to  hold 


Fio.  286. — Complete  Epispadias. 


Fin.  287.— Formation  of  New  Canal. 
Sho*s  raw  »urface8  and  position  of  sutures. 


Fio.  288. — Moduied  Quilleu  Suture. 
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the  raw  surfaces  firmly  in  contact  until  union  takes  place,  but  also  acts 
as  a  splint  to  maintain  the  part  at  rest.  A  plate  of  the  same  length  as 
the  rectangular  denuded  area  is  placed  on  each  side  of  the  vivified  sur- 
faces, and  the  freshened  edges  of  the  two  sides  are  carefully  approximated 
by  means  of  fine  silver  wire  sutures  passed  through  the  holes  in  the  plates 
from  one  side  to  the  other,  the  splints  being  maintained  in  position  by 
slipping  over  the  wire,  on  both  sides,  perforated  shot  that  are  pushed 
along  the  wire  until  the  plates  are  reached,  where  they  are  clamped. 

The  quilled  suture  is  removed  on  the  seventh  day,  and  perineal  drain- 
age is  discontinued.  As  the  distal  portion  of  the  urethra  terminates  in 
close  proximity  to  the  epispadic  urethral  outlet,  the  formation  of  a 
junction  between  the  new  urethra  and  the  epispadic  opening  is  usually 
accomplished  by  vivifying  the  margins  on  each  side  of  the  infundibuli- 
form  epispadic  outlet,  as  well  as  the  edges  of  the  termination  of  the  new 
urethra;  the  freshened  edges  are  then  firmly  approximated  either  by 
means  of  silkworm-gut  sutures  or  the  modified  quilled  suture.  In  some 
instances  the  attempts  to  close  the  canal  will  be  only  partially  successful 
and  minor  plastic  operations  will  become  necessary. 

CONTUSIONS,  WOUNDS,  AND  INJURIES  OF  THE  URETHRA. 

A  contusion  involving  the  urethra  alone  is  not  common;  when  it 
does  occur,  it  is  usually  due  to  direct  violence,  or  may  follow  careless 
instrumentation.  A  few  cases  of  subcutaneous  contused  wounds  have 
been  observed  in  which  the  skin  remained  uninjured,  but  the  structure 
of  the  penis  and  the  urethra  were  crushed.  This  is  always  a  serious  acci- 
dent. 

Injuries  inflicted  directly  on  the  urethra  usually  assume  the  form  of 
either  a  contused  or  a  lacerated  wound,  such  as  might  be  inflicted  by 
foreign  bodies  or  by  the  passage  of  a  small,  rough  stone  from  the  bladder 
along  the  canal;  or  the  injury  may  take  the  form  of  a  "false'*  passage, 
caused  by  the  manipulation  of  urethral  instruments. 

Incised  wounds,  other  than  those  made  by  the  surgeon,  are  extremely 
rare.  A  punctured  wound  is  the  result  either  of  an  attempt  at  self-muti- 
lation or  of  assault.  Gunshot  wounds  of  the  canal  are  usually  associated 
with  injury  to  other  structures  or  organs. 

Rupture  of  the  urethra  occurs  as  the  result  of  violence  or  is  due  to 
pathologic  changes  accompanying  stricture.  When  the  rupture  is  due 
to  traumatism,  the  laceration  is  usually  situated  near  the  bulbomem- 
branous  junction.  Rupture  has  been  known  to  be  associated  with 
fracture  of  the  bones  of  the  pelvis,  and  it  may  also  be  the  result  of  for- 
cible attempts  at  depressing  the  organ  when  erect;  it  may  like\\ise  re- 
sult when  the  turgid  penis  is  brought  into  violent  contact  with  the  pubic 
bone  of  the  female  in  attempts  at  coitus. 

Symptoms. — The  symptoms  are  dependent  upon  the  cause  and  upon 
the  character  of  the  injury.  A  simple  contusion  of  the  canal,  such  as  fre- 
quently follows  urethral  instrumentation,usually  gives  rise toasore,bruised 
feeling  at  the  site  of  the  injury,  the  discomfort  being  increased  by  motion,. 
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urination;  or  erection.  The  symptoms  of  incised,  lacercUedy  puncturedf  or 
gunshot  wounds  vary  in  degrees  of  severity  in  different  cases,  being  de- 
pendent on  the  extent  and  character  of  the  injury  and  on  the  portion  of 
the  canal  that  is  wounded.  There  may  be  swelling,  pain,  and  hemorrhage, 
together  with  difficult  urination  or  retention  or  extravasation  of  urine. 
If  the  urethra  has  been  penetrated  from  without,  urine  may  escape 
through  the  new  outlet.  Swelling  seldom  occurs  unless  rupture  of  the 
canal  has  taken  place  or  damage  has  been  inflicted  on  neighboring  struc- 
tures. It  usually  makes  its  appearance  about  twenty-four  hours  after 
the  accident,  increasing  slowly,  and  it  may  involve  the  pendulous,  deep 
urethra,  or  the  perineum.  Swelling  of  sudden  onset  that  rapidly  invades 
the  perineum,  scrotum,  or  penis,  associated  with  retention  of  urine,  is 
significant  of  rupture  of  the  urethra.  The  blood  loss  may  vary  from  a 
few  drops  to  a  severe  hemorrhage,  that  may  continue  for  several  days  if 
not  properly  controlled.  In  incised  wounds  or  in  superficial  lacerations 
of  the  mucous  membrane  of  the  anterior  urethra  the  blood  flows  in  a 
small  continuous  stream,  being  uninfluenced  by  urination.  In  partial 
rupture  of  this  portion  of  the  canal  only  a  few  drops  of  blood  may  ap- 
pear, the  hemorrhage  being  increased  by  the  act  of  urination,  and  the 
blood  "preceding  the  urine.  It  is  not  uncommon,  in  laceration  of  the  mu- 
cous membrane,  for  slight  hemorrhage  to  cease  until  urination  is  attempted, 
when  a  good-sized  clot  of  blood  will  be  discharged  and  the  hemorrhage 
recur.  When  the  deep  urethra  has  been  injured,  the  blood  likewise 
precedes  the  flow  of  urine;  if,  however,  retention  has  occurred,  the  blood 
flows  back  into  the  bladder,  mixes  with  the  urine,  and  when  the  latter  is 
discharged,  it  presents  the  bright  scarlet  color  of  arterial  blood.  Unless 
the  urethra  has  been  ruptured,  the  function  of  urination  is  seldom  in- 
terfered with  until  twenty-four  hours  after  the  injury;  by  this  time 
spasm,  the  result  of  the  local  inflammatory  process  at  the  site  of  the 
wound,  together  with  edema  of  the  mucous  membrane,  so  narrows  the 
lumen  of  the  canal  as  to  make  urination  difficult  or  impossible.  Pain  is 
not,  as  a  rule,  a  very  troublesome  symptom.  When,  however,  it  is 
caused  by  laceration  of  the  mucous  membrane  as  the  result  of  instru- 
mentation in  the  presence  of  some  inflammatory  process  involving  the 
urethra,  prostate  gland,  or  bladder,  it  may  be  severe.  Recurring  painful 
erections  not  infrequently  constitute  a  troublesome  symptom. 

Treatment. — Simple  contusions  demand  but  little  treatment.  A 
cooling,  sedative  lotion  may  be  applied,  and  such  remedies  as  have  a 
tendency  to  render  the  urine  bland  and  to  allay  sexual  excitement  should 
be  prescribed. 

In  the  treatment  of  wounds  of  the  urethra  the  indications  are:  (1)  To 
control  hemorrhage;  (2)  to  relieve  retention  of  urine  when  this  exists; 
(3)  to  prevent  extravasation  of  urine  by  instituting  perineal  drainage 
early;  (4)  to  dress  the  wound,  when  external  and  communicating  with 
the  urethra,  with  an  appropriate  aseptic  dressing,  and,  at  the  same  time, 
to  attempt  to  render  the  urine  sterile  by  administering  proper  remedies; 
(5)  to  relieve  pain  and  allay  sexual  excitement. 

If  an  external  wound  communicating  with  the  urethra  exists,  the 
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edges  should  be  approximated  by  means  of  fine  silk  sutures,  and  contin- 
uous drainage  established  by  inserting  a  catheter  through  the  urethra  into 
the  bladder,  allowing  it  to  remain  until  union  has  taken  place.  In  the 
presence  of  extensive  wounds  that  involve  not  only  the  urethra,  but  the 
peri-urethral  structures  as  well,  or  if  extravasation  of  urine  has  occurred, 
immediate  external  perineal  urethrotomy  should  be  performed  and  free 
drainage  established.  A  partial  rupture  of  the  penile  urethra  may  be 
treated  by  means  of  continuous  catheterism,  provided  there  is  no  evi- 
dence that  urinary  extravasation  has  taken  place;  when  the  latter  haa 
occurred,  however,  perineal  drainage  should  be  instituted.  When  a  com- 
plete rupture  of  the  membranous  urethra  exists,  perineal  section  should 
be  performed,  and  the  distal  and  proximal  ends  of  the  tube  sought  for; 
these  should  be  approximated  by  means  of  interrupted,  fine  catgut 
sutures,  a  catheter  k  demeuere  being  left  in  place  until  union  has  occurred. 
In  gunshot  wound  proper  provision  must  be  made  for  the  escape  of  urine 
and  wound  secretions. 


EXTRAVASATION  OF  URINE. 

The  occurrence  of  extravasation  of  urine  always  indicates  that  a 
rupture,  either  partial  or  complete,  of  some  portion  of  the  urethra  has 
taken  place.  In  partial  rupture  only  the  mucous  or  a  portion  of  the 
muscular  coat  of  the  canal  may  be  affected,  or  the  rent  may  be  merely  a 
small  opening  permitting  but  a  small  quantity  of  urine  at  a  time  slowly 
to  infiltrate  the  peri-urethral  tissues.  On  the  other  hand,  the  tear  may 
be  extensive,  or  the  urethra  may  even  be  completely  severed;  in  either 
case  extravasation  rapidly  takes  place. 

Rupture  of  the  urethra  may  result  from  straining  in  the  effort  to 
urinate  in  cases  of  retention  in  which  the  walls  of  the  canal  have  become 
softened  as  a  result  of  long-standing  pathologic  changes,  or  it  may  take 
place  behind  a  foreign  body  or  a  calculus  impacted  in  the  urethra.  A 
partial  rupture  of  one  or  more  coats  of  the  canal  sometimes  results  from 
overdistention  caused  by  the  insertion  of  urethral  instruments;  oc- 
casionally it  has  been  known  to  follow  internal  urethrotomy,  but  it  is 
most  commonly  encountered  as  the  result  of  a  sudden  giving  way  of  the 
urethral  wall  behind  a  stricture  of  small  caliber  or  as  the  result  of  trau- 
matism. 

The  symptoms  are  both  local  and  constitutional.  A  partial  rupture 
of  the  mucous  membrane  and  of  some  of  the  fibers  of  the  muscular  coat 
of  the  urethra  as  the  result  of  instrumentation  or  of  internal  urethrotomy 
is  attended  by  hemorrhage.  The  blood  flows  from  the  meatus  in  a  small, 
continuous  stream,  and  is  uninfluenced  by  urination.  The  patient  com- 
plains of  a  sore,  bruised  feeling,  and  dysuria  and  frequent  micturition  or 
complete  retention  occur. 

A  partial  rupture  or  the  denudation  of  a  circumscribed  area  of  the 
mucous  membrane  on  the  floor  of  the  urethra,  behind  a  stricture,  per- 
mits a  localized  slow  infiltration  of  a  small  amount  of  urine  at  a  time  to 
take  place  into  the  peri-urethral  tissues.    Plastic  lymph  forms  at  the 
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site  at  which  leakage  occurs.  When  the  urine  is  sterile,  an  internal  blind 
fistula  forms,  and  on  palpation  a  well-marked  fibrous  mass  can  be  de- 
tected at  the  seat  of  the  injury.  When  associated  with  strictures  of 
small  caliber  near  the  bulbomembranous  junction,  the  plastic  exudate  in- 
creases and  the  mass  gradually  becomes  larger,  projecting  into  the  scro- 
tum, between  the  testicles,  or  developing  on  one  side  of  the  perineum 
and  scrotum.  The  inflammatory  exudate  gradually  becomes  organized 
into  a  tough,  fibrous  tissue  that  renders  any  attempt  at  performing  an 
external  perineal  urethrotomy  without  a  guide  difficult.  When  infection 
of  this  plastic  exudate  takes  place,  the  mass  becomes  inflamed  and  painful 
and  increases  in  size;  deeply  seated  suppuration  also  occurs.  If  the  pus 
is  not  evacuated  by  means  of  an  incision,  an  abscess  will  gradually  form 
and  rupture,  leaving  a  fistulous  communication  w4th  the  urethra;  this 
has  been  described  by  the  older  writere  as  a  ''urinanj  abscess.^* 

The  rarest  and  gravest  form  of  extravasation  of  urine  accompanying 
rupture  of  the  urethra  is  that  in  which  the  structure  of  the  corpora 
cavernosa  is  invaded.  In  this  the  urine  rapidly  dissects  its  way  forward 
until  the  glans  is  reached,  leaving  a  septic  inflammation  in  its  wake.  The 
glans  becomes  gangrenous. 

A  rupture  of  the  pendulous  urethra  most  frequently  involves  the 
common  fascia  of  the  organ,  the  urine  rapidly  extravasating  over  a  largo 
extent  of  surface.  The  penis  becomes  greatly  swollen,  misshapen,  and 
painful,  and  has  a  hard,  brawny  feel.  The  urine  finally  reaches  the  scro- 
tum, which  in  turn  becomes  edematous  and  inflamed. 

In  extravasation  of  urine  from  injury  to  the  penile  urethra  early 
ulceration  of  the  skin  usually  occurs,  permitting  drainage  to  take  place, 
thus  allowing  the  urine  to  escape  before  wide-spread  extravasation  and 
extensive  damage  can  result.  The  condition  is  very  different  if  the  in- 
filtrating urine  comes  from  a  rent  in  the  bulb  or  the  portion  of  the  canal 
included  between  the  attachment  of  the  scrotum  and  the  anterior  leaflet 
of  the  triangular  ligament  or  the  membranous  portion  of  the  urethra. 
In  such  cases  there  is  little  hope  of  drainage  being  established  by 
ulceration,  and,  consequently,  if  the  condition  is  not  promptly  relieved  by 
operative  interference,  a  wide-spread  gangrenous  cellulitis  results. 

When  the  extravasation  is  due  to  an  injur\'  of  that  portion  of  the 
urethra  included  between  the  attachment  of  the  scrotum  and  the  an- 
terior layer  of  the  triangular  ligament,  a  tumor  will  first  be  noticed  in  the 
upper  portion  of  the  perineum  and  lower  portion  of  the  scrotum;  the 
swelling  gradually  extends  until  the  entire  scrotum  is  involved,  the  urine 
slowly  dissecting  its  way  up  on  the  pubes  and  thence  to  the  abdomen. 

When  extravasation  follows  as  the  result  of  an  injury  sustained  by 
the  membranous  urethra,  the  urine  first  infiltrates  the  perineum.  If  the 
urine  has  been  confined  to  the  perineum  for  any  length  of  time  and  the 
anterior  leaflet  of  the  triangular  ligament  gives  way,  the  urine  infiltrates 
the  tissues  in  a  manner  similar  to  that  which  takes  place  when  the  bulb 
is  implicated,  and  which  has  just  been  described.  When  the  posterior 
leaflet  yields,  the  symptoms  are  similar  to  those  observed  when  the  pros- 
tatic urethra  is  perforated.     Most  commonly  the  urine  extends  along 
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the  course  of  the  rectum,  the  tumor  appearing  in  the  anal  region;  it 
may  infiltrate  the  subperitoneal  connective  tissue,  giving  rise  to  a  pelvic 
cellulitis  or  peritonitis,  or,  as  rarely  happens,  it  may  work  its  way  up- 
ward around  the  prostate  gland  and  neck  of  the  bladder  until  it  reaches 
the  space  of  Retzius. 

The  gradual  infiltration  of  urine  into  the  peri-urethral  tissues  as- 
sociated with  the  formation  of  a  phlegmon  or  fistula  is  not  attended  by 
constitutional  manifestations.  When  the  extravasation  occurs  suddenly 
and  extends  rapidly  over  a  wide  area,  grave  general  symptoms  develop. 
When  the  urine  is  sterile,  cellulitis  or  constitutional  manifestations  may 
be  delayed  for  several  days;  when  it  is  ammoniacal  or  contains  putre- 
factive bacteria,  gangrenous  cellulitis,  with  all  its  violent  local  inflamma- 
tory symptoms,  develops  promptly.  The  systemic  symptoms  are 
similar  to  those  of  septicemia.  If  the  local  disturbance  is  not  relieved, 
the  patient's  condition  becomes  grave.  Marked  exhaustion,  a  bounding 
pulse,  quick,  shallow  respiration,  irregular  fever,  a  dry,  glazed,  cracked, 
and  fissured  tongue,  constipation,  wandering  delirium,  and,  finally, 
coma,  ensue. 

Treatment. — When  the  infiltration  of  urine  takes  place  gradually 
from  a  rupture  behind  a  stricture  of  the  urethra,  giving  rise  to  a  peri- 
urethral inflammatory  exudate,  internal  blind  fistula,  or  abscess,  the 
treatment  consists  in  restoring  the  urethra  to  its  normal  caliber  by  a 
suitable  operation.  Abscesses  should  be  opened  and  drained,  and  re- 
sulting fistulas  must  be  closed  by  appropriate  plastic  operations.  A 
partial  rupture  that  involves  the  mucous  and  a  few  fibers  of  the  muscular 
coat  of  the  canal  and  is  not  attended  either  with  constitutional  symptoms 
or  with  signs  of  extravasation  of  urine  may  be  treated  by  means  of  con- 
tinuous catheterism  until  the  injury  sustained  by  the  urethra  has  healed. 
Septic  symptoms  or  evidences  of  urinary  infiltration  demand  perineal 
drainage. 

A  rupture  of  any  portion  of  the  urethra  included  between  the  attachment 
of  the  scrotum  and  the  posterior  leaflet  of  the  triangular  ligament  should  be 
regarded  as  a  grave  surgical  emergency.  In  such  cases  an  external  perineal 
urethrotomy  should  be  performed  as  soon  as  the  diagnosis  is  made,  in 
order  to  prevent  the  development  of  gangrenous  cellulitis  or  sepsis.  In 
extensive  infiltration  of  urine  from  a  rupture  occurring  behind  a  stricture,, 
perineal  drainage  should  be  established  and  the  surgeon  should  proceed 
at  once  to  restore  the  normal  caliber  of  the  canal.  In  a  complete  rupture 
of  the  membranous  urethra  due  to  traumatism  an  external  perineal 
urethrotomy  should  be  performed,  and  a  full-sized,  soft-rubber  catheter 
should  be  inserted  through  the  urethra  into  the  bladder;  the  proximal 
and  distal  ends  of  the  torn  urethra  should  then  be  approximated  by 
means  of  interrupted  catgut  sutures.  In  such  cases  it  may  occasionally 
be  necessary  to  perform  a  suprapubic  cystotomy  and  retrograde  cathe- 
terism, in  order  to  Iqcate  the  distal  end  of  the  torn  urethra.  When  the 
urine  has  infiltrated  the  perineum,  scrotum,  or  penis,  or  has  passed  up  on 
the  abdomen,  free  drainage  for  the  purpose  of  allowing  egress  of  the  urine 
and  the  removal  of  the  gangrenous  sloughs  should  be  provided  for;  this 
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is  best  accomplished  by  making  multiple  incisions  through  the  skin  of  the 
invaded  structures.  Three  incisions  into  the  scrotum,  and  two  or  three 
on  the  side  and  under  surface  of  the  penis  are  usually  sufficient;  on  the 
abdomen  as  many  incisions  as  may  be  necessary  to  insure  free  drainage 
should  be  made. 

The  indications,  therefore,  in  treating  a  rupture  of  the  urethra  at  any 
point  from  the  attachment  of  the  scrotum  to  the  posterior  leaflet  of  the 
triangular  ligament  are:  To  perform  external  perineal  urethrotomy; 
to  restore  the  normal  caliber  of  the  urethra  by  suitable  operative  meas- 
ures; to  provide  for  free  drainage  of  the  infiltrated  tissues.  If  urine  is 
extravasated  from  a  rent  in  the  membranous  urethra,  in  which  case  the 
posterior  layer  of  the  triangular  ligament  ulcerates,  or  if  there  is  a  rupture 
of  the  prostatic  portion  of  the  canal,  the  urine  works  its  way  backward 
toward  the  pelvis,  or  in  very  rare  instances  it  passes  upward  around  the 
prostate  gland  and  neck  of  the  bladder  until  it  reaches  the  prevesical 
space.  A  small  amount  of  blood  appears  at  the  meatus,  urination  is 
difficult,  and  retention  may  occur.  The  perineum,  rectum,  and  the 
region  of  the  neck  of  the  bladder  are  the  seat  of  pain.  The  temperature 
is  irregular,  the  pulse-rate  is  increased,  and  nausea  and  constant  vomiting 
are  present.  As  a  result  of  the  development  of  pelvic  cellulitis  or  peri- 
tonitis the  patient  rapidly  becomes  septic. 

If  the  urine  finds  its  way  to  the  anal  region,  an  examination  will 
reveal  a  pseudo-fluctuating  swelling  that  is  tender  on  palpation.  The 
rectum  feels  hot  and  is  sensitive  to  manipulation.  When  the  urine  reaches 
the  prevesical  space,  the  abdominal  wall  just  above  the  pubic  bone  be- 
comes rigid  and  tender;  later  on  a  marked  swelling  is  discernible,  as- 
sociated with  edema  of  the  structure.  When  the  urine  extravasates 
posteriorly,  perineal  drainage  must  be  instituted  by  means  of  incision, 
the  dissection  being  carried  well  back,  separating  the  prostate  from  the 
rectum  in  order  to  facilitate  the  evacuation  of  deep-seated  pus  or  ex- 
travasated urine.  If  the  space  of  Retzius  is  involved,  an  incision  is  made 
just  above  the  pubic  bone,  and  carried  up  along  the  median  line  of  the 
abdomen  as  far  as  may  be  necessar\';  the  dissection  is  then  continued 
downward  until  the  bladder  is  reached,  being  careful  not  to  open  the 
peritoneum. 

The  constitutional  treatment  is  the  same  as  that  indicated  in  sepsis 
arising  from  other  causes.  Careful  nursing,  scrupulous  attention  to 
antisepsis,  and  stimulating  and  supportive  treatment  are  indicated.  Even 
in  apparently  desperate  cases  the  outcome  is  often  gratifying,  provided 
perineal  drainage  is  established,  the  caliber  of  the  urethra  restored,  and 
exit  provided  for  the  escape  of  pus  or  urine  from  the  infiltrated  tissues. 

FOREIGN  BODIES  IN  THE  URETHRA. 

A  foreign  body  reaches  the  urethra  in  one  of  several  ways,  but  most 
commonly  by  being  inserted  or  forced  through  the  meatus.  The  body 
may  descend  through  the  urethra,  as  the  result  of  muscular  contractions 
and  erections,  until  it  enters  the  bladder,  only  to  be  forced  back  into  the 
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urethra,  there  to  lodge  and  give  rise  to  obstruction;  or  it  may  descend 
from  the  bladder  and  be  retained  in  some  portion  of  the  canal.  In  rare 
instances  an  obstructing  body,  such  as  a  urethral  calculus,  will  form  in 
the  urethra  as  the  result  of  a  tight  stricture. 

Symptoms. — The  passage  of  small  stones  along  the  urethra  is  generally 
accompanied  by  discomfort  and  pain.  In  infants  the  first  symptoms 
are  urethral  pain  and  dysuria  or  retention.  In  adults  there  is  a  history 
of  renal  colic  or  of  vesical  irritability,  due  to  the  presence  of  the  calculus, 
preceding  the  urethral  symptoms.  The  onset  is  frequently  sudden, 
coming  on  during  the  act  of  urination.  When  the  stone  has  entered 
the  urethra,  there  is  a  constant  desire  to  empty  the  bladder.  The  urine 
may  be  passed  in  drops,  as  a  small  stream,  or  complete  retention  may 
result.  Slight  urethral  hemorrhage  and  frequent  painful  erections  occur. 
The  passage  of  the  stone  is  attended  by  a  tearing  sensation  and  burning 
pain.  The  stone  may  be  passed  in  the  course  of  a  few  minutes  or  it  may 
lodge  in  some  portion  of  the  canal,  causing  partial  obstruction  and 
symptoms  analogous  to  those  produced  by  tight  stricture.  Structural 
changes  always  take  place  in  that  portion  of  the  canal  behind  the  cal- 
culus. 

The  symptoms  that  occur  after  the  introduction  of  a  foreign  body  into 
the  urethra  vary  greatly.  In  urgent  cases  there  is  usually  severe  burn- 
ing pain.  If  the  object  is  rough  or  sharp,  there  is  a  feeling  as  if  the  canal 
were  being  lacerated.  There  is  a  frequent  and  urgent  desire  to  urinate. 
Complete  retention  is  rare.  The  urine  is  generally  voided  in  drops,  or 
passes  alongside  of  the  foreign  body  in  a  small  stream.  Free  hemorrhage 
is  but  seldom  observed;  as  a  rule,  the  blood  dribbles  from  the  meatus 
and  is  frequently  mixed  with  urine.  A  fixed  body  rapidly  gives  rise  to 
active  inflammatory  symptoms,  whereas  movable  bodies  tend  to  mani- 
fest late  or  no  urgent  symptoms.     Urethritis  appears  sooner  or  later. 

The  symptoms,  as  a  rule,  are  not  severe  unless  the  body  is  lodged  in 
the  posterior  urethra.  When  the  object  is  impacted  in  the  anterior 
urethra,  active  inflammation  follows;  the  penis  becomes  enormously 
swollen  and  of  a  vivid  red  hue,  and  violent  pain  and  fever  of  the  ordinary 
urethral  type  occur.  When  the  foreign  substance  is  lodged  in  the  pos- 
terior urethra,  the  swelling  and  edema  of  the  penis  are  much  less  marked, 
the  perineum  is  tense  and  painful,  and  there  is  more  severe  dysuria  or 
even  strangury.    Orchitis  sometimes  develops  as  a  late  symptom. 

Treatment. — If  the  foreign  body  is  a  round,  smooth  object  and  if  the 
case  is  seen  early,  an  effort  may  be  made  to  force  the  object  to  pass  spon- 
taneously. If  necessary,  the  meatus  may  be  divided  and  the  urethra  in 
front  of  the  body  dilated.  Tlie  patient  is  then  instructed  to  allow  the  urine 
to  accumulate  in  the  bladder;  when  the  viscus  has  become  distended, 
sterilized  liquid  cosmolin  is  injected  into  the  canal  and  the  patient  in- 
structed to  make  a  powerful  effort  to  urinate,  the  preputial  opening  being 
held  tightly  closed.  This  will  dilate  the  urethra  and  permit  the  foreign 
substance  to  be  expelled.  If  the  object  is  lodged  just  behind  the  meatus, 
an  assistant  should  be  directed  to  place  a  finger  on  the  under  surface  of 
the  urethra,  directly  behind  the  body,  to  prevent  it  from  being  pushed 
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further  downward  when  an  attempt  is  made  to  dislodge  it.  A  pair  of 
urethral  forceps  are  then  inserted  into  the  canal,  and  the  object  firmly 
grasped  and  withdrawn.  When  the  body  is  lodged  in  the  deep  portion  of 
the  penile  urethra,  some  mechanical  contrivance,  such  as  that  of  Thomp- 
son, Collins,  Dittel,  d'EtioUes,  Mathieu,  or  N^laton,  designed  for  the 
purpose,  must  be  employed.  Pieces  of  wood  or  bits  of  broken  catheter 
can  frequently  be  grasped  and  withdrawn  by  means  of  any  of  the  urethral 
forceps  devised  for  the  purpose.  If  they  are  firmly  wedged  in  the  pos- 
terior urethra,  or  are  partially  within  the  urethra  and  project  back  into 
the  bladder,  a  perineal  urethrotomy  must  be  performed.  Pins,  needles, 
and  hairpins  introduced  with  the  sharp  end  pointing  toward  the  meatus 
can  be  removed  without  operation  only  with  extreme  difficulty.  A 
very  ingenious  and  simple  device  is  described  by  Poulet:  The  head  of 
the  pin  firmly  fixed  with  the  thumb  of  the  left  hand;  the  penis  is  next 
bent  at  the  part  of  the  urethra  that  corresponds  to  the  point  of  the  in- 
strument, which,  in  consequence,  protrudes  through  the  walls  of  the 
canal,  and  is  withdrawn  until  the  head  comes  in  contact  with  the 
floor  of  the  urethra.  The  shaft  of  the  needle  is  now  drawn  down 
toward  the  root  of  the  penis,  and  then,  by  pushing  upward,  the 
head  of  the  pin  emerges  from  the  meatus  and  is  withdrawn.  If  the  ob- 
ject is  a  hair-pin,  both  points  of  the  pin  are  made  to  protrude  through 
the  urethral  wall;  one  is  cut  off  with  pUers  and  the  remaining  one  is  pulled 
downward,  then  pushed  upward,  until  the  round  end  of  the  hair-pin 
presents  itself  at  the  urethral  orifice.  The  small  punctures  thus  made 
in  the  urethra  heal  readily. 

A  stone  impacted  behind  the  meatus  or  in  the  fossa  navicularis  is 
readily  removed  with  an  ordinary  pair  of  narrow-bladed  dissecting  for- 
ceps. When  embedded  in  the  spongj'^  portion  of  the  urethra,  it  may  be 
removed  with  Bonnet's  articulated  scoop  or  Hunter's  forceps.  An  in- 
genious device  for  the  removal  of  stone  is  that  suggested  by  Marini; 
this  consists  of  a  wire  loop,  bent  about  half  an  inch  from  the  end,  into 
the  shape  of  the  coud^  catheter.  This  is  inserted  behind  the  stone;  the 
walls  of  the  urethra  contract  down  on  the  calculus  and  hold  it  firmly  in  the 
grasp  of  the  loop  and  bend  of  the  instrument,  by  which  means  it  can 
easily  be  removed.  When  the  stone  is  lodged  in  the  deep  urethra,  it  is 
wisest  to  attempt  to  push  it  back  into  the  bladder  and  then  perform 
litholapaxy.  If  this  is  impossible,  it  should  be  removed  by  urethrotomy. 
The  utmost  care  and  gentleness  must  be  exercised  in  manipulating  ure- 
thral instruments  in  the  removal  of  foreign  bodies;  if  the  object  is  not 
readily  grasped  and  easily  removed,  it  is  far  safer  to  perform  a  urethrot- 
omy early  and  remove  the  object,  than  to  inflict  traumatism  on  the 
delicate  urethral  structures  by  rough  and  often  unavailing  efforts  to 
dislodge  it.  When  the  stone  cannot  be  extracted  through  the  meatus, 
two  methods  of  treatment  are  to  be  considered:  that  of  propulsion, 
working  the  stone  backward  into  the  bladder,  and  crushing  it  by  means 
of  a  lithotrite;  when  this  is  inexpedient  or  impossible,  the  urethra  should 
be  incised  and  the  stone  removed. 
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URETHRAL  CALCULL 

Urethral  concretions  are  composed  entirely  of  phosphate  of  lime, 
differing  in  this  particular  from  stones  that  come  from  the  kidney  or 
bladder,  which  consist  of  urates,  oxalates,  triple  phosphates,  or  cystin. 
They  may  be  single  or  multiple  in  number,  and  vary  greatly  in  size. 
In  long-standing  cases  the  stone  may  either  become  partial!}'  em- 
bedded and  fixed  in  the  wall  of  the  urethra,  or  a  diverticulum  may  form 
that  may  contain  an  incredible  number  of  stones.  In  these  cases,  es- 
pecially if  associated  with  tight  stricture,  urethral  fistulas  are  of  common 
occurrence.  Peri-urethral  abscess  and  rupture  of  the  urethra,  with 
infiltration  of  urine,  are  late  complications.  Stricture  is  present  in  the 
majority  of  cases. 

The  symptoms  of  a  calculus  formed  in  situ  simulate  those  of  a  stricture 
of  large  caliber.  In  cases  of  impassable  stricture  associated  with  stone 
a  diagnosis  can  be  made  only  as  the  result  of  palpation  or  from  an  x-ray 

photograph.  When  the 
stone  is  embedded  in 
the  urethra  or  in  a  false 
passage,  there  is  but 
little  obstruction  to 
urination.  When 
lodged  in  the  penile 
urethra,      they      can 

(if  M^.t>tiitlihhMi*itiNi*iilitiliii     readily  be  detected  on 

.  *'  *'  palpation.  If  the  stone 

-/^ft*4ii    4f«  i*.ifti^ff*—  ,     is  small,  and  is  situ- 

Fio.  289— Urethral  Calcukus  (J.  M.  Cotterill,  Esq.,  of  Edin-       ^ted   in    the  portioU  of 

, ,       ^  .  ^"f*^**^-  ^  ^     ,  ,     the    urethra    covered 

Removed  from  the  prostatic  and  membranous  urethra  of  a  man  of       v       ii  x   i      xi.      i_ 

forty,  who  had  undergone  lithotrity  some  six  years  previously.  by  the   SCrotal  attach- 

ment, palpation  as  a 
means  of  diagnosis  cannot  be  reUed  upon.  When  lodged  in  the  posterior 
portion  of  the  canal,  they  can  usually  be  felt  by  digital  examination  of 
the  rectum.  In  all  doubtful  cases  an  x-ray  photograph  should  be  taken. 
When  a  small  stone  only  partially  obstructs  the  urethra  and  cannot  be 
felt  on  palpation,  a  stone-searcher  should  be  inserted  into  the  urethra. 
When  the  instrument  comes  in  contact  with  the  stone,  a  gritty  sensation 
will  usually  be  imparted  to  the  examining  hand.  An  endoscopic  examina- 
tion will  generally  reveal  the  presence  of  small  stones  embedded  in  the 
urethra. 

Treatment. — The  method  of  extracting  a  concretion  that  has  orig- 
inated in  the  urethra  differs  from  that  pursued  when  the  canal  is  occluded 
by  fragments  of  vesical  or  renal  calculi.  The  various  instruments  de- 
vised for  extracting  ordinary  foreign  bodies  cannot  be  used  in  such  cases. 
As  the  calculus  is  either  held  fast  behind  a  tight  constriction  or  is  partly 
encysted,  the  concretion  can  safely  be  removed  only  by  performing  an 
external  urethrotomy. 

The  urethra  may  be  incised  externally  on  the  floor,  in  any  portion  of 
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its  course,  with  perfect  safety,  and  with  far  better  results  than  can  pos- 
sibly be  attained  by  attempts  at  extracting  foreign  bodies  with  hooks, 
scoops,  or  forceps. 

When  a  stone  is  lodged  behind  a  contracted  meatus  or  is  embedded  in 
the  fossa  navicularis,  it  can  readily  be  reached  by  performing  meatotomy, 
or  by  making  an  incision  on  the  floor  of  the  urethra  of  sufficient  length  to 
render  extraction  easy.  If  the  stone  is  not  too  large,  it  may  be  grasped 
by  a  pair  of  urethral  forceps,  through  a  small  incision  on  the  floor  of  the 
canal,  and  then  crushed,  and  the  fragments  removed  with  a  small  scoop 
or  by  irrigation,  the  incision  being  closed  by  a  few  fine  silk  sutures.  When 
the  body  is  lodged  in  the  penile  urethra  behind  a  tight  structure,  an  ex- 
ternal urethrotomy  should  be  performed.  The  stone  can  easily  be  de- 
tected on  palpation  as  a  hard  mass  on  the  under  surface  of  the  urethra. 
It  should  be  grasped  between  the  index-finger  and  thumb  of  the  left 
hand.  An  incision  should  be  made  over  the  mass,  cutting  downward, 
and  the  urethra  incised  sufficiently  to  allow  ready  extraction  of  the  stone. 
The  stricture  should  then  be  divided  and  the  urethra  fully  dilated,  a 
soft-rubber  catheter  being  inserted  through  the  canal  into  the  bladder, 
and  allowed  to  remain  until  the  urethral  woimd  heals.  The  incision  in 
the  urethra  is  closed  by  means  of  interrupted  fine  catgut  sutures  and 
the  edges  of  the  skin  wound  are  approximated  by  silk  sutures. 

When  a  stone  is  lodged  in  that  portion  of  the  urethra  that  is  covered 
by  the  scrotal  attachment,  a  perineal  urethrotomy  should  be  performed, 
and  an  effort  made  to  extract  the  stone  posteriorly  through  the  perineal 
wound;  if  this  fails,  the  scrotum  should  be  divided  along  the  raph^,  in 
the  median  line,  the  testicles  being  separated  and  held  aside  by  an  as- 
sistant while  the  surgeon  dissects  down  upon  the  urethra  and  removes 
the  stone.  The  stricture  is  divided  and  perineal  drainage  established. 
The  wounds  in  the  urethra  and  scrotum  are  closed  in  the  usual  manner. 

When  a  stone  is  embedded  in  the  membranous  or  prostatic  urethra, 
a  perineal  urethrotomy  should  be  performed.  A  diverticulum  should  be 
opened,  the  impacted  stones  removed,  and  the  sac  excised.  A  stone 
lodged  in  the  patulous  opening  of  a  urethral  sinus  is  usually  small,  and 
may  occasionally  be  loosened  by  means  of  the  jointed  curet  of  I^eroy 
d'Etoilles,  and  then  extracted  with  urethral  forceps.  Should  this  fail, 
it  can  generally  be  readily  pushed  back  into  the  bladder  and  then  crushed. 
If  it  is  found  impossible  to  loosen  the  calculus  from  its  attachment,  an 
external  urethrotomy  should  be  performed  and  the  concretion  removed. 


RETENTION  OF  URINE. 

Retention  from  shock,  spasm,  or  inflammation  of  the  urethra  or  neck 
of  the  bladder  is  very  common.  An  overdistended  bladder  is  often  the 
result  of  mechanic  or  pathologic  obstruction  in  the  prepuce,  penis,  ure- 
thra, or  bladder.  It  may  develop  as  the  result  of  pressure  from  deep- 
seated  abscess,  effusion  of  blood,  extravasation  of  urine  into  the  perineum, 
pelvic  tumors,  exostosis  of  the  pelvic  bones,  fecal  accumulations,  foreign 
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bodies,  or  the  impaction  of  undigested  food;  it  may  also  arise  in  hysteria, 
peritonitis,  and  paravesical  inflammation. 

^*  Paralytic  retention'*  is  often  associated  with  cerebral  and  spinal 
diseases  or  injuries.  A  temporary  paralysis  occasionally  develops  in 
malaria,  diphtheria,  scariatina,  or  typhoid.  A  partial  retention  occurs  in 
urethral  strictures  of  small  caliber,  hypertrophy  or  atrophy  of  the  prostate 
gland,  general  arteriosclerosis,  or  a  fibrosclerosis  of  the  neck  of  the  bladder. 

A  hysteric  form  is  occasionally  encountered  in  nervous,  impressionable 
men.  Contusions  or  laceration  of  the  abdomen,  bladder,  or  urethra  are 
often  accompanied  by  retention. 

The  condition  may  be  purely  refeXy  as  when  it  follows  operative  pro- 
cedures within  the  pelvis,  on  the  rectum,  or  along  the  genito-urinary 
tract.  It  frequently  complicates  strangulated  hernia  and  suppurative 
appendicitis.  It  may  develop  gradually  or  suddenly.  In  the  former 
case  the  retention  is  only  partial  at  first,  the  retained  fluid  being  known 
as  "  residual  urine.*' 

Symptoms  of  Acute  Retention.— The  symptoms  of  complete 
retention  of  sudden  onset  are  characteristic,  provided  there  does  not  co- 
exist a  paralysis  of  the  muscular  structure  of  the  bladder  vrith  a  loss  of  sen- 
sation. When  the  overdistention  is  caused  by  priapism,  injur}%  spasm, 
inflammation,  or  sudden  obstruction  of  the  urethra  or  neck  of  the  bladder, 
stricture,  hypertrophy  of  tlie  prostate,  calculus,  or  vesical  tumor,  pain 
is  usually  early  and  marked.  There  is  an  urgent  and  constant  desire  to 
micturate,  but  not  a  drop  of  urine  can  be  voided.  Occasionally,  how- 
ever, as  the  result  of  violent  straining,  a  few  drops,  a  small  jet,  or  a  little 
gush  may  be  extruded,  but  the  urine  is  never  passed  in  a  full  stream  or  in 
any  considerable  quantity.  If  the  overdistention  of  the  bladder  is  not 
relieved,  the  patient  becomes  restless,  the  body  is  inclined  well  forward 
in  the  effort  to  relieve  the  pressure  of  the  abdominal  walls  on  the  over- 
distended  viscus,  and  the  face  assumes  an  agonized  expression.  Thirst, 
rigors,  flushes  of  heat,  and  a  sense  of  weight  and  discomfort  in  the  pelvic 
region  are  usually  present.  Fever  occurs  late.  A  pear-shaped  circum- 
scribed tumor  can  be  seen  in  the  median  line  of  the  hypogastrium;  this 
is  tender  on  pressure  and  not  affected  by  change  of  position.  If  the  re- 
tention remains  unrelieved,  the  tumor  increases  very  slowly  in  size.  The 
distended  bladder  may  easily  be  felt  on  rectal  palpation.  When  the 
distention  causes  pressure  on  the  rectum,  difficult  defecation  and  pain 
in  the  lower  bowel  are  experienced. 

A  most  important  early  symptom  is  constant  dribbling  of  urine.  This 
is  observed  especially  in  paralysis  of  the  bladder  with  complete  retention, 
and  is  known  as  the '  *  incontinence  of  retention. "  In  all  cases  of  dribbling  of 
urine  a  catheter  should  be  inserted  into  the  bladder;  this  has  frequently 
disclosed  the  fact  that  patients  believed  to  be  suffering  from  incontinence 
are  in  reality  suffering  from  retention. 

If  the  condition  remains  unrelieved,  a  fatal  termination  will  usually 
ensue  in  from  four  to  six  days,  being  preceded  by  restlessness,  high  fever, 
thirst,  headache,  and  a  quick,  soft,  compressible  pulse.  The  breath  and 
perspiration  give  off  a  urinous  odor.    Finally  the  skin  becomes  bathed 
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in  a  cold,  clammy  sweat,  hiccup,  twitching  of  the  tendons,  nausea, 
and  vomiting  occur.     Delirium  and  coma  finally  set  in. 

Symptoms  of  Chronic  Retention.— In  the  early  stage  of  par- 
alysis of  the  bladder,  accompanied  by  loss  of  sensation,  occurring 
before  cystitis  develops,  an  enormous  accumulation  of  urine  may  occur 
without  producing  marked  distress.  The  first  symptom  is  a  dribbling  of 
urine,  which  may  be  mistaken  for  incontinence.  When  retention  de- 
velops as  the  result  of  a  prolonged  fever,  it  is  partial  at  first,  gradually 
becoming  complete.  At  the  onset  there  may  be  an  increased  desire  to 
micturate,  a  symptom  that  may  escape  notice  if  delirium  occurs.  The 
urine  slowly  accumulates  in  and  distends  the  bladder,  until  the  intra- 
vesical tension  becomes  so  great  as  to  overcome  the  contraction  of  the 
sphincter  muscle,  which  relaxes,  permitting  a  dribbling  to  take  place. 

A  gradually  increasing  amount  of  residual  urine,  due  to  obstruction, 
such  as  stricture,  contracture  of  the  vesical  neck,  hypertrophy  of  the 
prostate,  or  intravesical  or  extravesical  tumors,  gives  rise  to  little  dis- 
comfort until  a  posterior  urethritis  or  urethrocystitis  develops.  In 
partial  retention  due  to  accumulation  of  residual  urine  before  in- 
fection of  the  bladder  has  occurred  the  only  symptom  is  an  increasing 
desire  to  micturate. 

In  atony  of  the  bladder  associated  with  fibrosclerosis  of  the  vesical 
neck  or  atrophy  or  hypertrophy  of  the  prostate  polyuria  may  develop, 
the  kidneys  continually  pouring  fluid  into  a  partially  paralyzed  bladder 
with  an  obstructed  outlet;  in  consequence,  a  large  quantity  of  urine 
accumulates  in  the  viscus,  and  the  desire  to  urinate  becomes  ab- 
normally frequent.  If  the  obstruction  is  not  relieved,  more  distressing 
symptoms  gradually  develop,  such  as  a  difficulty  in  starting  the  flow. 
The  caliber  of  the  stream  is  diminished,  the  parabolic  curve  last,  and  a 
slight  dribbling  follows  the  act  of  urination. 

When  infection  of  the  bladder  occurs,  pain  is  characteristic  and 
marked,  except  in  those  cases  a.ssociated  with  complete  paralysis  of  the 
organ  and  loss  of  sensation.  The  pain  may  involve  the  perineum,  back, 
or  thighs,  or  run  along  the  course  of  the  urethra,  becoming  aggravated 
during  urination,  or  it  may  be  felt  back  of  the  glans  or  over  the  pubes. 
Hematuria  is  a  late  symptom.  As  the  result  of  straining,  hemorrhoids, 
prolapse  of  the  rectum,  or  hernia  may  develop.  In  chronic  retention  in 
which  only  partial  suppression  occurs  the  condition  may  gradually 
or  suddenly  become  complete  with  the  development  of  acute  symptoms. 

Treatment. — A  bladder  that  is  very  much  overdistended  should 
never  be  completely  emptied  at  once.  Whenever  expedient,  about  half 
the  quantity  of  the  retained  urine  should  be  evacuated  at  one  time; 
half  the  remaining  quantity  being  withdrawn  in  the  course  of  three 
hours,  and  the  remainder  some  hours  afterward. 

In  congenital  retention  occasioned  by  an  imperforate  prepuce  an  in- 
cision may  be  made  on  the  dorsal  surface  of  the  prepuce  or  circumcision 
performed.  An  occluded  meatus  demands  the  performance  of  meatotomy. 
If  the  retention  is  not  caused  by  occlusion  of  the  prepuce  or  the  meatus, 
the  inference  is  that  it  is  due  to  a  cyst  in  the  sinus  pocularis,  a  condition 
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that  is  easily  corrected  by  passing  a  small,  slightly  curved  silver  probe 
very  gently  through  the  urethra  to  the  bladder.  The  cyst  walls  are  ex- 
ceedingly thin  and  delicate  and  are  easily  ruptured,  when  the  urine  is 
voided  without  difficulty.  Great  gentleness  must  be  observed  in  passing 
the  probe,  as  in  young  subjects  the  canal  is  extremely  Ukely  to  be  severed 
at  the  bulbomembranous  junction  by  rough  manipulation. 

Overdistention  of  the  bladder  due  to  shocks  hysteriay  neurasthenia, 
constipaiionj  or  prolonged  voluntary  retention  may  frequently  be  overcome 
by  administering  a  rectal  enema  consisting  of  one  ounce  each  of  magne- 
sium sulphate  and  glycerin,  six  ounces  of  milk  of  asafetida,  and  a  pint  of 
soapsuds.  The  patient  is  then  given  a  hot  bath,  and  directed  to  make 
an  effort  to  empty  the  bowel  while  in  the  water.  Usually  the  urine  is 
expelled  as  the  enema  is  passed.  Should  the  clyster  fail,  aseptic  cathe- 
terism  must  be  resorted  to. 

In  retention  caused  by  the  spasm  or  inflammation  associated  vnth  an 
acute  posterior  urethritis y  when  there  is  but  little  distention  of  the  bladder, 
and  the  symptoms,  therefore,  are  not  urgent,  a  hot  bath  followed  by 
a  hot  drink  and  a  hypodermic  of  morphin,  \  grain,  should  be  administered. 
If  this  fails,  catheterism  must  be  resorted  to.  After  the  urine  has  been 
withdrawn,  free  perspiration  should  be  induced  and  an  opiate  adminis- 
tered. A  brisk  purgative  should  then  be  given  and  the  patient  put 
at  rest. 

A  mechanical  obstruction  or  growth  within  the  urethra  must  be  re- 
moved (see  p.  510). 

When  the  overdistention  of  the  bladder  is  caused  by  malignant  dis- 
ease of  the  penis  involving  the  urethra,  it  may  become  necessar>'  to  in- 
stitute either  perineal  or  suprapubic  drainage.  When  the  cause  of  the 
obstruction  is  situated  outside  of  the  urethra,  as  when  there  is  an  accu- 
mulation of  blood,  pus,  or  urine  in  the  perineum,  the  urethra  not  being 
implicated,  the  introduction  of  the  catheter  causes  great  pain  and  gives 
only  temporary  relief.  In  such  cases  an  incision  should  be  made  and 
free  drainage  instituted.  If  the  swelling  is  in  the  perineum  and  the 
urethra  is  not  involved,  a  perineal  section  is  all  that  is  required;  if  the 
urethra  is  ruptured,  a  perineal  urethrotomy  should  be  performed  as  soon 
as  possible. 

When  the  inabiUt\'  to  evacuate  the  contents  of  the  bladder  is  caused 
by  a  spasmodic  urethral  stricture  of  large  caliber,  a  metal  catheter  should 
be  passed  gently  along  the  urethral  canal  until  the  obstruction  is  en- 
countered; steady  but  firm  pressure  should  now  be  made  on  the  face  of 
the  stricture,  which  will  cause  it  to  yield  suddenly,  permitting  the  instru- 
ment to  glide  onward  and  enter  the  bladder.  In  emergency  cases,  when 
a  patient  is  seen  for  the  first  time,  it  is  often  impossible  to  pass  a  fiUform 
bougie  or  a  small  rubber  or  silk  catheter.  Before  resorting  to  aspiration 
of  the  bladder  or  operative  measures  it  is  well  first  either  to  inject  into 
the  urethra  1  dram  of  a  2  per  cent,  cocain  solution,  or  to  induce  the  first 
stage  of  ether  anesthesia,  when  it  will  not  infrequently  be  found  that  a 
full-sized  metal  catheter  can  readily  be  inserted. 

When  the  stricture  will  permit  the  passage  of  a  fiUform  bougie  and  a 
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Gouley  tunneled  catheter,  the  symptoms  are  speedily  relieved.  After 
the  urine  has  been  withdrawn  the  metal  catheter  should  be  removed, 
and  a  filiform  bougie  inserted  and  left  in  place,  when  it  will  be  found  that 
the  urine  will  pass  alongside  of  the  instrument,  thus  preventing  reten- 
tion. 

When  the  caliber  of  *the  stricture  is  so  small  that  only  a  filiform  bougie 
can  be  passed,  which  fails  to  relieve  the  urgent  symptoms,  suprapubic 
puncture  or  aspiration  of  the  bladder  should  be  performed,  and  the  pa- 
tient given  a  hot  bath,  a  hot  drink,  and  an  opiate;  a  flaxseed  poultice, 
large  enough  to  cover  the  lower  abdomen,  should  be  applied.  When  the 
bladder  again  becomes  distended,  another  effort  should  be  made  either  to 
pass  the  tunneled  catheter  over  the  filiform  bougie  or  to  slip  a  small  metal 
or  silk  catheter  alongside  of  it,  in  order  to  reach  the  bladder.  Should 
these  expedients  fail,  an  external  perineal  urethrotomy  should  be  per- 
formed, using  the  filiform  bougie  as  a  guide  (see  p.  570). 

When  the  stricture  is  impassable  and  the  symptoms  are  urgent,  the 
bladder  may  be  aspirated  or  punctured  above  the  pubes,  and  the  patient 
relaxed  in  the  manner  previously  described,  after  which  another  attempt 
may  be  made  to  insert  an  instrument;  if  this  also  fails,  a  perineal  ure- 
throtomy without  a  guide  should  be  performed  as  soon  as  possible  (p.  572). 
If  the  retention  has  existed  for  a  number  of  hours  before  the  patient  is 
seen,  and  if  numerous  unsuccessful  attempts  have  been  made  to  dilate  the 
stricture,  operation  should  be  undertaken  without  delay. 

This  consists  in  making  a  suprapubic  puncture  one  inch  above  the 
pubes,  in  the  median  line,  with  the  largest  sized  needle  in  the  aspirating 
outfit.  The  needle  is  held  between  the  index-finger  and  thumb  of  the 
right  hand,  and  so  guarded  that  when  the  sudden  puncture  is  made,  it 
will  not  penetrate  too  deeply.  After  entering  the  viscus  the  stilet  is 
withdrawn  and  the  urine  permitted  to  flow  through  the  cannula  until  the 
bladder  is  emptied.  Before  withdrawing  the  tube  irrigate  the  bladder 
with  a  hot  sterile  boric-acid  solution.  The  needle  puncture  should  be 
covered  with  a  bit  of  sterilized  cotton,  fixed  in  place  with  collodion. 

A  common  cause  of  retention  is  prostatic  hypertrophy.  The  treat- 
ment in  these  cases  consists  in  the  employment  of  ^  catheter  of  such  a 
shape  as  to  allow  it  to  be  successfully  insinuated  along  the  tortuous  course 
pursued  by  the  prostatic  urethra.  Beyond  suprapubic  puncture  or  as- 
piration, operation  for  the  relief  of  this  condition  is  seldom  necessary. 

In  order  to  relieve  retention  due  to  prostatic  hypertrophy  the  in- 
struments necessary  are  the  soft-rubber,  rat-tailed,  olive-pointed,  coud6, 
bicoudd,  Guyon's  flexible  prostatic,  the  ordinary  metal  catheters,  and  the 
overcurved  silver  catheter  devised  by  Brodie.  These  should  be  from  12 
to  15  inches  in  length.  Attempts  to  catheterize  such  cases  often  fail 
because  the  instrument  employed  was  too  short  to  reach  the  bladder. 
The  caliber  of  the  instrument  best  suited  to  the  majority  of  cases  is  about 
No.  15  or  18  French.  Nothing  but  harm  can  follow  the  attempt  to  force 
too  large  an  instrument  through  the  canal  in  cases  in  which  there  is  not 
only  urethral  obstruction,  but  spasm  and  inflammation  of  the  posterior 
urethra  and  neck  of  the  bladder  as  well. 
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In  cases  of  retention  associated  with  a  fibroid  thickening  of  the  pros- 
tcUic  isthmus,  with  contraction  of  the  vesical  neck,  antiphlogistic  treat- 
ment should  be  instituted.  As  a  rule,  in  these  cases  there  is  Uttle  or  no 
difficulty  in  inserting  either  a  soft-rubber  or  a  flexible  silk  olive-pointed 
catheter.  Should  these  fail  to  pass,  an  ordinary  metal  instrument  should 
be  employed.  Wlien  the  urethra  is  deflected  to  one  side,  the  soft,  pliable, 
rat-tailed  catheter  is  the  instrument  of  choice.  When,  as  a  result  of  hy- 
pertrophy of  the  isthmus  and  the  development  of  a  pathologic  middle 
lobe,  the  urethra  forms  an  angle,  the  angled  coud6  catheter  is  the  one  to 
be  employed.  When  there  is  an  inordinate  enlargement,  with  lengthen- 
ing of  the  urethra  and  elevations  of  the  vesical  outlet,  a  bicoud6  catheter 
should  be  relied  upon  to  relieve  the  condition;  if  this  fails,  the  overcur\'ed 
metal  catheter  of  Brodie  will  frequently  succeed.  When  prolonged  efforts 
at  catheterism  have  proved  unsuccessful  and  the  bladder  is  markedly 
distended,  either  suprapubic  puncture  or  aspiration  should  be  performed; 
relaxation  is  then  secured  by  administering  an  opiate  and  a  hot  bath,  and 
as  soon  as  the  urine  has  reaccumulated,  another  effort  may  be  made  to 
reach  the  bladder  with  a  catheter.  If  the  first  or  second  puncture  fails 
to  relieve  the  condition,  suprapubic  drainage  should  be  estabUshed  with- 
out further  delay.  In  cases  of  overdistention  in  which  repeated  attempts 
at  catheterism  have  failed,  and  severe  traumatism  has  been  inflicted  upon 
the  urethra  and  prostate,  as  evidenced  by  urethral  hemorrhage,  the  bladder 
containing  blood-clots  as  well  as  urine,  a  suprapubic  opening  should  be 
made  immediately. 

In  elderly  subjects,  when  the  retention  is  due  to  an  impassable  stric- 
turCy  as  well  as  to  hypertrophy  of  the  prostate  gland,  suprapubic  drainage 
should  be  promptly  established,  the  stricture  being  dealt  with  at  a  second 
operation,  after  the  patient  is  convalescent.  When  the  prostatic  urethra 
is  contracted  by  the  encroachment  of  the  growth,  it  is  seldom  possible  to 
relieve  a  sudden  retention  by  catheterism.  If  the  patient's  age  and 
condition  warrant  it,  either  a  perineal  or  a  suprapubic  prostatectomy 
may  be  performed;  in  the  aged,  feeble,  and  uremic,  permanent  suprapubic 
drainage  should  be  established. 

Retention  due  to  vesical  calculi  or  tumors  may  be  relieved  by  the  in- 
troduction of  a  soft-rubber  catheter. 

A  coagulation  of  blood  may  take  place  in  the  bladder,  obstructing  the 
vesical  outlet  and  causing  retention  of  urine,  a  condition  that  is  not  free 
from  danger  and  is  often  difficult  to  relieve.  The  source  of  the  hemorrhage 
may  be  the  kidney,  bladder,  posterior  urethra,  or  prostate  gland.  In  such 
cases  the  employment  of  an  ordinary^  catheter  is  usually  unsuccessful, 
for  the  eye  of  the  instrument  becomes  occluded  with  clotted  blood.  An 
attempt  to  dislodge  the  obstruction  may  be  made  by  injecting  a  hot  1  per 
cent,  solution  of  phenol  through  a  catheter  by  means  of  a  hand  syringe. 
When  the  hemorrhage  has  been  profuse  and  a  clot  of  large  size  is  present, 
the  overcurved  silver  catheter  of  Brodie,  or  the  blood  catheter  devised 
by  Gross,  should  be  employed.  As  soon  as  the  urine  is  evacuated  an 
effort  should  be  made  to  get  rid  of  the  clot  by  breaking  it  up  by  means  of 
the  instrument  in  the  bladder,  and  washing  it  out  by  irrigating  with  a 
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hemostatic  solution.  If  all  attempts  at  catheterism  fail,  a  small-sized 
lithotrite  should  be  introduced  and  an  attempt  made  to  crush  and  chum 
the  clots  in  the  bladder,  emptying  the  contents  from  time  to  time  by 
means  of  the  evacuating  catheter  of  the  Bigelow  apparatus,  washing  out 
the  viscus  with  hot  adrenalin  solution.  If  this  method  is  successful  and 
the  bladder  is  emptied,  a  full-sized  soft-rubber  catheter  should  be  inserted 
and  continuous  drainage  instituted.  The  patient  should  be  kept  at  rest, 
and  a  full  dose  of  opium  and  fluidextract  of  ergot  administered.  When 
the  bladder  is  enormously  distended  and  the  symptoms  are  urgent,  all  at- 
tempts at  catheterization  or  at  breaking  up  the  clot  having  failed,  su- 
prapubic cystotomy  should  be  performed. 

The  treatment  of  chronic  retention  associated  with  the  presence  of 
residual  urine  is  fully  described  in  the  sections  devoted  to  the  consideration 
of  the  various  affections  that  give  rise  to  this  condition. 

TUBERCULOSIS  OF  THE  URETHRA. 

Tuberculosis  of  the  urethra  may  be  secondary  or  primary  in  nature. 
A  primary  involvement  is  much  more  common  than  is  generally  believed, 
this  affection  being  usually  mistaken  for  a  chronic  urethritis ;  the  initial  lesion 
of  syphilis ;  a  periurethral  infiltration ;  or  an  abscess,  fistula,  or  stricture  the 
result  of  an  antecedent  gonorrhea.  The  male  urethra  is  more  frequently 
attacked  by  tuberculous  disease  than  that  of  the  female. 

The  symptoms  of  a  primary  infection  are  vague.  The  histories  of 
the  few  cases  of  primary  tuberculosis  of  the  urethra  that  came  under  my 
care  show  that  previous  chronic  gonorrheal  infection  had  existed,  ac- 
companied by  epididymitis,  orchitis,  deferentitis,  vesiculitis,  or  prostatitis. 
The  suspicion  of  a  tuberculous  urethritis  is  confirmed  by  the  develop- 
ment, later,  of  a  similar  infection  in  some  organ  connected  anatomically 
with  the  urethral  tract.  When  the  deep  urethra  is  affected,  the  act  of 
micturition  is  frequently  accompanied  by  a  disagreeable  burning  sensa- 
tion. Occasionally  slight  pain  in  the  region  of  the  neck  of  the  bladder, 
together  with  intermittent  attacks  of  dysuria,  is  complained  of.  This  is 
sometimes  relieved  by  the  passage  of  a  small  mucopurulent  mass.  In 
four  cases  seen  by  me  the  only  symptom  that  occurred  during  the  first 
six  months  was  an  unexplainable  tinging  of  the  ejaculated  semen  with 
blood.  There  was  a  pronounced  hereditary  tendency  to  tuberculosis. 
Endoscopic  examination  revealed  the  presence  of  a  superficial  ulceration 
near  the  mouths  of  the  ejaculatory  ducts  in  two  cases,  the  urethra  being 
normal  in  the  others.  In  all,  the  tuberculous  infection  had  a  tendency  to 
descend.  In  no  instance  did  the  ureter  or  kidney  become  implicated.  A 
microscopic  examination  of  the  seminal  fluid  showed  the  presence  of 
tubercle  bacilli  in  only  two  cases. 

A  secondary  tuberculosis  of  the  urethra  is  characterized  by  an  obsti- 
nate chronic  urethritis  that  is  uninfluenced  by  treatment,  and  is  aggra- 
vated by  the  silver  salts.  There  is  increased  frequency  of  urination,  and  pain 
occurs  along  the  course  of  the  urethra  and  at  the  penoscrotal  junction. 
If  the  ulcerative  process  involves  the  prostatic  urethra,  tenesmus  adds 
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to  the  discomfort.  Hematuria  is  not  a  frequent  symptom,  and  is 
generally  intermittent  and  transitory.  When  the  deep  urethra  is  in- 
volved, there  may  be  a  terminal  hematuria. 

Diagnosis. — A  positive  diagnosis  of  primary  tuberculosis  of  the 
urethra  in  the  eariy  stage  is  reached  only  with  difficulty.  The  unex- 
plainable  ejaculation  of  bloody  semen  without  the  presence  of  other  symp- 
toms is  always  to  be  regarded  with  suspicion.  Time  frequently  confirms 
the  diagnosis,  the  disease  extending  to  some  neighboring  structure  or 
organ. 

In  secondary  invasion  of  the  urethra  the  condition  is  recognized 
eariier,  as  the  urethral  symptoms  are  associated  with  those  manifested  by 
the  organ  in  which  the  infection  originated.  A  definite  conclusion  may 
usually  be  reached  by  a  careful  study  of  the  history.  An  endoscopic  ex- 
amination of  the  urethra,  together  with  a  chemic,  microscopic,  and  bac- 
teriologic  investigation  of  the  urine  and  of  the  secretions  and  discharge 
from  the  genito-urinary  tract,  should  also  be  made.  Even  in  the  ad- 
vanced stages  of  the  disease  tubercle  bacilli  may  be  absent. 

In  primary  tuberculosis  of  the  lu^thra  the  prognosis  is  favorable 
provided  the  patient  receives  the  proper  treatment.  When  the  involve- 
ment of  the  urethra  is  secondary,  the  prognosis  is  grave. 

The  treatment  is  both  local  and  constitutional.  Hygienic  sur- 
roundings, proper  diet,  and  suitable  climate  play  just  as  important  a 
part  in  the  treatment  of  urethral  tuberculosis  as  in  that  affecting  any  of 
the  other  structures  of  the  body.  Alcoholic  beverages  and  sexual  in- 
dulgence should  be  prohibited.  Increasing  doses  of  creasote,  continued 
over  long  periods  of  time,  and  given  in  conjunction  with  iron  and  forced 
feeding,  are  serviceable  in  any  form  of  genito-urinary  tuberculosis. 

A  primary  single  lesion  of  the  urethra  may  be  treated  locally  by  pass- 
ing an  endoscopic  tube  down  to  the  seat  of  infection  and  endeavoring  to 
destroy  the  lesion  by  means  of  the  curet,  after  which  the  wound  is  in- 
sufflated with  iodoform  and  the  patient  kept  at  rest.  If  the  ulcer  is  not 
extensive  and  so  situated  that  its  removal  is  feasible,  the  implicated  por- 
tion of  the  canal  may  be  resected  and  the  ends  of  the  resected  urethra 
approximated  by  interrupted  catgut  sutures,  continuous  drainage  being 
established  by  means  of  a  catheter  until  union  takes  place. 

In  those  cases  of  suspected  primary  invasion  accompanied  by  an  in- 
tractable discharge  which  is  not  benefited  by  any  method  of  treatment, 
irrigation  with  a  hot  solution  of  mercury  bichlorid  1  :  20,000  will  some- 
times give  most  gratifying  results.  When  the  lesions  are  situated  in  the 
anterior  urethra,  the  canal  should  be  gently  irrigated  with  a  sterilized 
boric-acid  solution,  and  the  following  emulsion  applied  to  the  ulcerated 
siuface  by  means  of  an  applicator  passed  through  an  endoscopic  tube: 

Iodoform gr.  cccbc 

Pulv.  tragacanth gr.  xj 

Spt.  vini    rect ttrIxxx 

AqusB  dest 3  viij 

When  the  lesions  are  confined  to  the  posterior  urethra,  the  bladder  being 
healthy,  it  is  best  to  disturb  the  canal  as  little  as  possible.    In  such  cases 
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I  seek  to  fliish  the  canal  by  instructing  the  patient  to  urinate,  after  which 
about  thirty  minims  of  the  iodoform  emulsion  are  instilled  gently  into  the 
deep  urethra  by  means  of  a  sterilized  Keyes-Ultzmann  syringe.  This 
treatment  should  be  administered  every  third  day,  and  continued  over  a 
long  period  of  time. 

A  tuberculous  stricture  associated  with  urethral  fistula  should  be 
treated  by  performing  a  combined  internal  and  external  perineal  ure- 
throtomy. When  the  urethra  and  body  of  the  penis  become  extensively 
involved  in  the  tuberculous  process,  amputation  of  the  organ  may  be 
demanded. 

TUMORS  OF  THE  URETHRA. 

Tumors  of  the  urethra  are  of  rare  occurrence;  when  they  occur,  they 
are  similar  in  nature  to,  and  require  the  same  treatment  ajs,  neoplasms 
occurring  in  other  portions  of  the  body. 

Papilloma  of  the  urethra  occurs  in  several  different  forms,  being 
seen  most  often  as  caruncle,  miiltiple  papillary  growths,  polypi,  and 
papillomatous  vegetations  the  result  of  chronic  specific  urethritis. 

■  Primary  sarcoma  of  the  urethra  is  practically  unknown.  Secon- 
dary carcinoma  of  the  urethra  may  follow  as  the  result  of  a  cancerous 
process  in  the  rectum,  bladder,  prostate,  or  penis. 

A  primary  carcinoma  of  the  urethra,  while  very  rare,  has  occasion- 
ally been  observed.  If  the  maUgnant  character  of  the  disease  is  recog- 
nized early  and  the  carcinoma  is  so  situated  as  to  make  urethrectomy 
possible,  this  operation  should  be  performed  without  delay;  when,  how- 
ever, this  is  impossible,  complete  extirpation  of  the  penis  and  urethra 
should  be  performed. 

INFLAHMATION  OF  THE  MALE  URETHRA   (URETHRITIS)- 

There  are  two  forms  of  urethritis — non-specific  and  specific.  The 
inflammatory  process  may  be  acute,  subacute,  or  chronic;  it  may  be 
limited  either  to  the  anterior  or  to  the  posterior  portion  of  the  canal,  or  it 
may  involve  the  entire  usethra;  in  the  latter  case  it  is  known  as  an 
anteroposterior  urethritis. 

Any  morbid  condition  that  has  a  tendency  to  keep  the  mucous  mem- 
brane of  the  urethra  continually  congested  predisposes  it  to  attacks  of 
inflammation.  The  urethra  is  the  habitat  of  a  large  variety  of  organ- 
isms, many  of  which  are  non-pathogenic  and  innocuous  in  the  absence  of 
pathologic  conditions.  Micro-organisms  may  be  introduced  into  the 
urethra  from  without,  as  in  the  descent  of  infected  urine  from  the  kidneys, 
or  they  may  come  from  a  focus  of  chronic  infection  outside  of  the  urethra. 
An  inflammation  developing  under  such  circumstances  is  known  as  a 
**  concomitant  urethritis/* 

The  non-specific  variety  of  urethritis  is  rare  as  compared  with 
the  specific  form,  known  as  gonorrhea.  In  the  non-specific  variety  the 
disease  generally  runs  a  mild  course  and  is  amenable  to  treatment,  tend- 
ing to  subside  in  from  eight  to  ten  days. 
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A  form  frequently  described  as  "  irritative  urethritis"  may  be  provoked 
by  the  ingestion  of  certain  foods  and  drugs.  Diabetes,  the  rheumatic 
or  gouty  diathesis,  chronic  eczema,  herpes  involving  the  penis,  irritating 
injections,  sexual  excesses,  prolonged  sexual  excitement,  and  chronic 
constipation  may  all  be  mentioned  among  the  exciting  causes.  Trau- 
matism, foreign  bodies  or  calculi  in  the  urethra,  neoplasms,  stricture,  in- 
vasion of  the  canal  by  animal  parasites,  may  be  mentioned  among  the 
etiologic  factors.  Finally,  the  inflammation  may  be  secondary  to  a  morbid 
process  outside  the  urethra.  Abnormal  conditions  of  the  urine  and  a 
prolonged  and  too  vigorous  treatment  of  chronic  localized  urethritis  may 
also  give  rise  to  this  form  of  infection.  In  rare  instances  a  non-specific 
urethritis  may  prove  rebellious  to  treatment,  and  become  converted  into 
a  chronic  condition  that  may  be  attended  by  severe  complications. 

A  specific  urethritis  that  is  also  infectious  may  be  due  to  a  syph- 
ilitic lesion,  chancroid,  tuberculosis,  typhoid,  pneumonia,  diphtheria, 
and,  finally,  infection  from  pyogenic  organisms  or  gonococci.  A  specific 
urethritis  that  is  non-gonorrheal  in  character  may  result  from  contact  with 
a  uterine  or  vaginal  secretion  that  contains  pyogenic  organisms,  or  from 
coitus  during  or  at  about  the  menstrual  period.  This  form  of  inflamma- 
tion may  also  follow  the  introduction  of  infected  instruments,  alcoholic 
excesses,  and  repeated  attacks  of  gonorrhea. 

The  Sjrmptoms  of  specific  urethritis  due  to  the  ordinary  pus-pro- 
ducing micro-organisms  are  similar  to  those  accompanying  an  attack  of 
gonorrhea;  they  are  usually,  however,  of  a  milder  type.  The  affection, 
moreover,  tends  to  subside  in  the  course  of  two  weeks,  provided  the 
treatment  is  not  conducted  in  too  heroic  a  manner.  Occasionally  this 
variety  of  urethritis  may  be  attended  by  a  profuse  discharge  and  by  the 
development  of  severe  compUcations,  the  local  condition  finally  becoming 
chronic;  the  discharge  is  catarrhal  in  nature,  and  may  persist  for  weeks, 
months,  or  years,  the  patient  eventually  becoming  a  profound  sexual 
neurasthenic. 

Gonorrhea. 

This  variety  of  specific  urethritis  is  an  infectious  suppurative  process, 
inflammatory  in  character,  whose  causative  agent  is  a  specific  micro- 
organism known  as  the  gonococcus,  which  is  never  found  in  the  normal 
urethra.  It  is  the  most  common  form  of  venereal  infection,  and  is  ac- 
quired as  the  result  of  either  mediate  or  immediate  infection. 

Gonorrhea  is  a  virulent  inflammation,  attacking  not  only  the  entire 
urethral  mucous  membrane,  but  eventually  invading  also  the  submucous 
tissues,  and  being  accompanied  by  an  active  cell  proliferation.  After 
one  attack  the  mucous  membrane  is  never  completely  restored  to  its 
normal  condition,  for  the  desquamating  patches  of  cylindric  epithelium 
are  replaced  by  the  squamous  variety.  The  time  that  elapses  between 
inoculation  and  the  development  of  symptoms  varies  markedly  in  different 
individuals. 

The  fossa  navicularis  is  the  first  portion  of  the  lu^thra  to  participate 
actively  in  the  inflammatory  reaction,  which  gradually  extends,  by 
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continuity  of  tissue,  until  a  large  portion  or  even  the  entire  mucous 
surface  is  invaded.  When  the  organisms  have  gained  access  to  the  canal, 
they  rapidly  proUferate  and  eUminate  toxins  that  are  in  themselves 
extremely  irritating  to  the  mucous  membrane. 

In  long-standing  cases  of  gonorrhea  the  mucous  membrane  of  the 
urethra  seems  to  become  less  susceptible  to  the  toxins  eliminated  by  the 
gonococci,  which  apparently  lose  their  irritating  effect;  thus  it  is  seen 
that  in  oft-repeated  relapsing  crises  the  resulting  inflammatory  symptoms 
are  less  severe  than  those  that  attend  primary  infection.  The  glands  of 
Littr6  are  extremely  likely  to  become  implicated  in  the  gonorrheal 
process. 

Following  occlusion  of  the  ducts  of  these  glands  cysts  are  formed; 
these  contain  colloid  substances  that  may  undergo  suppuration,  giving 
rise  to  "follicular  abscesses."  When  the  ducts  remain  patiilous  and  an 
acute  inflammation  of  the  glandular  structure  occurs,  a  condition  known 
as  "glandular  urethritis''  develops. 

A  chronic  gonorrheal  process  of  the  glandular  tissue  may  remain 
latent  for  an  indefinite  time.  In  this  condition  the  glands  are  converted 
into  hard,  nodular  masses  that  can  readily  be  felt  along  the  under  sur- 
face of  the  urethra  on  palpation. 

As  the  result  of  specific  inflammation  the  lacunse  of  Morgagni  may 
become  atrophied  and  disappear;  occasionally  they  become  filled  with 
the  debris  of  the  exfoliated  epithelium,  forming  small  cysts  that,  in  turn, 
may  suppurate,  giving  rise  to  a  peri-urethral  abscess  or  to  a  urethral  fistula. 

When  the  cUseajse  becomes  chronic,  it  shows  a  decided  tendency  to 
become  localized  to  one  or  more  portions  of  the  urethra,  having  a  prefer- 
ence for  the  region  of  the  fossa  navicularis  and  the  bulbous  and  prostatic 
portions  of  the  canal.  Congested  patches,  glandular  patches,  erosions, 
ulcerations,  "  nacreous  patches,"  papillomatous  vegetations,  and  edema- 
tous folds  are  among  the  lesions  that  attack  the  mucous  membrane  in 
chronic  gonorrhea.  The  membranous  urethra  is  but  seldom  impUcated; 
when  it  is  involved,  the  process  usually  follows  a  periurethral  cell  infil- 
tration that  has  extended  from  the  bulbous  portion  of  the  canal.  Besides 
the  inflammatory  condition  of  the  prostatic  urethra,  small  follicular 
abscesses  are  likely  to  form,  which  rupture  and  discharge  pus  into  the 
urethra,  cicatrization  being  followed  by  the  formation  of  small  indurated 
masses.  The  verumontanum  frequently  becomes  thickened  and  indu- 
rated, and  the  mouths  of  the  ejaculatory  ducts  become  patulous  and 
rigid.  A  portion  of  or  the  entire  organ  is  frequently  the  seat  of  a  subacute 
or  a  chronic  inflammation. 

Acute  Anterior  Qonorrheal  Urethritis.— Occasionally  the  acute 
symptoms  appear  suddenly,  but  in  the  majority  of  cases  there  is  a 
prodromal  stage,  which  lasts,  on  the  average,  from  three  to  four  days. 
In  mild  attacks  the  only  symptom  is  often  a  slight  irritation  of  the  terminal 
portion  of  the  urethra.  A  tickling  or  itching  sensation  serves  to  fix  the 
patient's  attention  on  the  organ.  The  lips  of  the  meatus  are  slightly 
swollen  and  congested,  and  bathed  in  a  glairy,  mucous  discharge  that 
causes  the  lips  to  adhere  between  the  acts  of  urination.     When  the  onset 
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is  more  acute,  the  lips  of  the  meatus  are  swollen,  pouting,  and  reddened, 
and  the  region  of  the  urinary  orifice  is  congested.  The  mucous  membrane 
of  the  urethra  presents  a  deep-red,  glazed  appearance,  and  is  covered 
with  mucus.  There  is  a  sensation  of  burning  or  heat  during  urination, 
and  frequent  recurring  erections  or  partial  priapism  constitute  a  dis- 
tressing feature.  A  severe  prodromal  stage  is  usually  of  short  duration, 
the  discharge  rapidly  becoming  purulent. 

The  acute,  purulent,  or  florid  stage  is 'usually  characterized  by  pain, 
swelling,  discoloration,  and  the  discharge  of  pus.  Anxiety  and  depression 
are  not  unconmion.  In  nervous  patients  there  may  be  malaise  or  slight 
febrile  reaction. 

In  many  instances  the  disease  pursues  a  mild  course,  the  symptoms 
consisting  merely  of  a  purulent  discharge  and  a  slight  burning  sensation. 
In  the  purulent  stage  a  small  amount  of  blood  is  frequently  mixed  with 
the  discharge.  In  some  cases  the  disease  may  be  marked  by  the  onset 
of  very  mild  inflammatory  symptoms  that  gradually  subside  in  the  course 
of  six  weeks;  in  others,  the  inflammatory  symptoms  may  be  severe,  or 
the  condition  may  pass  into  the  stage  of  decline  and  be  attended  by 
complications  that  may  prolong  the  process  indefinitely. 

The  character  of  the  discharge  varies  with  the  nature  of  the  inflamma- 
tory reaction.  In  the  beginning  of  the  florid  stage  it  is  purulent  and 
frequently  sanguinolent.  It  may  be  but  slight  or  extremely  profuse, 
being  most  free  in  the  morning  and  diminishing  as  night  approaches. 
It  may  be  thick  or  watery,  and  is  generally  of  a  light  cream  or  dirty, 
greenish-yellow  color.  At  this  stage  the  urine  will  be  cloudy  and  contain 
pus-cells  loaded  with  gonococci,  the  epithelium  and  mucus  having  almost 
entirely  disappeared. 

There  may  be  increased  frequency  of  urination,  a  change  in  the  caliber 
of  the  stream,  ardor  urinse,  painful  erections,  urethral  hemorrhage,  or 
chordee.  Retention  is  a  rare  symptom.  The  swelling  of  the  mucous 
membrane  so  narrows  the  lumen  of  the  canal  as  to  interfere  with  dilatation, 
and  the  urinary  stream  may  be  forked,  twisted,  or  diminished  in  caliber. 

Pain  varies  in  intensity  in  different  cases.  It  may  consist  merely 
of  a  slight  irritation  or  of  a  severe  burning  or  even  agonizing  sensation. 
Hemorrhage  is  not  common.  Unusual  exertion,  prolonged  erections, 
ungratified  sexual  excitement,  or  coitus  may,  however,  cause  profuse 
bleeding.  Chordee  may  be  temporary  or  permanent;  it  usually  occurs 
during  the  night,  but  may  appear  during  the  day.  The  curvature  is 
usually  directed  downward,  but  rarely  it  is  deflected  upward  or  laterally. 
Attempts  at  forcibly  straightening  the  penis  by  the  method  known  as 
"breaking  the  cord''  have  in  some  instances  been  followed  by  alarming 
hemorrhage,  and  in  others  by  the  formation  of  stricture. 

When  the  anterior  urethra  alone  is  affected  and  the  patient  is  directed 
to  pass  a  portion  of  the  urine  into  a  glass  receptacle  and  then  to  pass 
the  remaining  quantity  into  another  vessel,  it  will  be  observed  that  the 
first  urine  will  be  cloudy  and  the  second  clear. 

Acute  Posterior  Urethritis.— In  at  least  95  per  cent,  of  cases  of 
gonorrhea  the  inflammation  involves  the  posterior  urethra.     The  onset 
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of  the  attack  may  be  so  mild  as  to  pass  umioticed,  or  it  may  be  sudden, 
violent,  and  severe.  In  the  large  majority  of  cases  the  extension  of  the 
inflammation  to  the  deep  urethra  is  not  accompanied  by  any  characteristic 
symptoms.  The  desire  to  micturate  is  generally  slightly  increased,  and 
a  temporary  cessation  of  the  urethral  discharge  occurs.  In  such  cases 
the  diagnosis  is  made  by  the  two-glass  urinary  test  or  by  lavage  of  the 
anterior  urethra,  followed  by  the  passage  of  the  urine  into  two  receptacles, 
the  first  urine  passed  being  clear  and  the  second  cloudy.  When  the  onset 
is  severe,  spasm  and  pain  at  the  neck  of  the  bladder  and  in  the  perineum 
occur  at  the  termination  of  urination,  these  symptoms  being  soon  followed 
by  a  frequent  desire  to  urinate  and  the  expulsion  of  but  a  few  drops  of 
urine.  Tenesmus  of  varying  degree  develops  and  the  pain  may  become 
excruciating.  When  it  is  severe,  albumin  appears  in  the  urine.  Hema- 
turia occurs  only  in  the  terminal  stage,  when  bloody  urine  will  be  passed. 

In  cases  in  which  the  posterior  urethra  is  gradually  invaded  the  dis- 
charge is,  as  a  rule,  but  slightly  influenced.  When  the  onset  is  sharp  and 
sudden,  the  discharge  may  become  more  profuse  or  cease  completely, 
only  to  reappear  when  the  acute  symptoms  subside,  so  that  in  these 
cases  the  sudden  reappearance  of  the  urethral  discharge  is  always  a  favor- 
able symptom,  indicating  that  the  active  posterior  inflammation  is  abating. 
Recurring  erections  and  nocturnal  emissions  are  often  troublesome. 
It  is  remarkable  that,  even  in  the  severest  cases,  constitutional  symptoms 
are  usually  absent.  If  fever  is  present,  this  generally  indicates  that  a 
suppurative  process  is  developing.  In  suspicious  cases  the  blood  should 
be  examined  and  a  blood  count  made.  Complete  retention  of  urine  is 
not  unusual  in  severe  cases,  but  a  condition  known  as  '*  relative  inconti- 
nence'' is  far  more  common.  In  this  the  compressor  urethrae  muscles 
are  weakened  and  control  of  the  bladder  is  lost,  so  that  at  the  sound  of 
running  water,  or  when  a  sudden  desire  to  urinate  is  not  immediately 
gratified,  a  slight  leakage  of  urine  occurs. 

In  mild  cases  the  attack  usually  subsides  in  the  course  of  two  weeks, 
leaving  a  subacute  anteroposterior  urethritis.  In  se\'ere  cases  the  symp- 
toms gradually  abate,  and  those  of  anterior  urethritis,  which  were  held 
in  abeyance,  reappear  in  the  form  of  an  acute  exacerbation.  The  urethral 
discharge  now  becomes  profuse.  Occasionally  a  violent  posterior  ure- 
thritis terminates  in  unexpected  convalescence  and  prompt  recovery. 
More  commonly  a  chronic  localized  lesion  develops  in  the  prostatic  urethra 
or  a  subacute  anteroposterior  urethritis  is  left  behind.  If  the  two-glass 
urinary  test  is  employed  in  acute  posterior  urethritis,  both  urines  will  be 
found  to  be  cloudy.  Gonococci  are  readily  discernible  in  the  discharge 
from  the  deep  urethra. 

Infection  of  the  posterior  urethra  may  be  followed  by  the  develop- 
ment of  grave  complications,  such  as  inflammation  of  the  various  adjacent 
structures,  gonorrheal  arthritis,  pyemia,  peritonitis,  and  secondary  in- 
volvement of  distant  organs. 

Treatment  of  Qonorrhea. — In  treating  gonorrhea,  the  physician 
should  bear  in  mind  that  he  is  dealing  with  a  virulent  inflammation,  due 
to  a  specific  infection. 
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Abortive  Treatment. — An  attempt  to  abort  the  disease  should  be 
made  only  in  the  prodromal  stagey  when  the  symptoms  consist  merely  of  a 
tickling  sensation  at  the  meatus  and  a  slight  discharge  of  glairy  mucus.  The 
urine  is  clear,  but  when  agitated,  small  shreds  of  epithelium  will  be  dis- 
covered floating  about.  The  microscope  will  reveal  the  presence  of 
epithelium  and  possibly  of  a  few  leukocytes.  The  gonococci  will  be  found 
free  in  the  serum  or  adherent  to  the  epithelial  cells.  In  the  presence  of 
such  a  condition  abortive  treatment  is  justifiable. 

In  the  first  stage  of  a  gonococcic  invasion  the  judicious  employment  of 
germicides,  such  as  the  various  preparations  of  the  silver  salts,  potassium 
permanganate,  or  mercury  bichlorid,  may  be  followed  by  gratifying 
results.  I  have  had  excellent  results  from  irrigations,  practised  twice 
daily  for  seven  or  eight  days,  of  a  hot  solution  of  either  potassium  per- 
manganate or  mercury  bichlorid  1  :  20,000.  The  method  advocated  by 
White  and  Martin,  and  which  I  have  found  very  ser\aceable,  is  as  follows: 
After  urination  four  drops  of  a  4  per  cent,  solution  of  eucain  are  injected 
into  the  urethra,  followed  by  one  or  two  drams  of  a  solution  of  protargol, 
which  should  be  retained  for  three  minutes.  The  injections  are  repeated 
at  intervals  of  two  hours.  Whenever  the  bottle  is  half  emptied,  it  should 
be  refilled  with  water,  until,  at  the  end  of  the  third  day,  the  strength  of 
the  solution  has  diminished  to  1  :  3200.  If  the  treatment  is  successful^ 
recovery  may  be  expected  in  about  seven  days.  If  the  dischai^e  persists, 
an  antiseptic  and  astringent  injection  will  be  required  to  complete  the 
cure.  The  patient  should  be  placed  at  rest,  and  a  sedative,  soothing  lotion 
should  be  kept  constantly  applied.  A  light  bland  diet  and  the  usual 
balsamic  remedies  should  be  prescribed.  If  the  symptoms  become  hyper- 
acute, the  treatment  should  be  discontinued  at  once. 

General  Treatment. — ^The  penis  should  always  be  examined  in 
order  to  ascertain  the  character  and  amount  of  discharge;  to  determine 
to  what  extent  the  inflammatory  process  has  involved  the  lips  of  the 
meatus  or  the  glans  penis,  and  whether  any  deformity  or  complication 
exists  that  will  tend  to  modify  the  local  treatment  or  limit  the  use  of 
urethral  instruments. 

During  the  acute  stage  the  penis  should  be  immersed  in  a  cup  of  hot 
water  for  ten  minutes  thrice  daily.  The  dressings  should  be  absorbent 
and  should  be  changed  frequently.  The  meatus  should  be  smeared  with 
vaselin.  The  patient  should  be  warned  of  the  danger  of  infection,  and 
cautioned  against  carrying  the  infection  to  the  eye.  Soiled  dressings - 
should  immediately  be  burned.  The  diet  should  be  bland,  simple,  and 
unirritating.  Alcoholic  beverages  should  be  forbidden,  except  in  those 
addicted  to  their  use;  in  these,  small  quantities  of  whisky  or  of  still  wines 
may  be  allowed.  Coitus  should  be  abstained  from.  A  suspensory  ban- 
dage should  be  worn,  and  the  patient  directed  to  rise  during  the  night  to 
urinate. 

The  bowels  should  be  regulated,  and  the  patient  encouraged  to  drink 
freely  of  a  slightly  alkaline  water. 

In  acute  uncomplicated  gonorrhea  I  have  employed  the  following 
method  with  excellent  results: 
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The  usual  instructions  are  given  regarding  rest,  diet,  hygiene,  and 
cleanliness.  Capsules  containing  cubebs,  copaiba,  sandalwood,  and 
methylene-blue  are  to  be  given  thrice  daily,  a  half-hour  after  meals. 
The  patient  is  instructed  to  make  injections  of  a  10  per  cent,  solution  of 
argyrol  at  least  thrice  daily,  and  more  frequently  if  possible,  using  a  hand 
syringe.  The  fluid  should  be  retained  for  five  minutes  during  the  day 
and  for  fifteen  minutes  at  bedtime.  If  it  gives  rise  to  pain,  the  solution 
should  be  allowed  to  pass  out.  In  a  primary  attack  it  is  well  to  begin 
with  a  small  quantity,  not  over  one  dram  at  a  time  at  first,  gradually 
increasing  the  quantity  to  four  drams.  The  syringe  should  not  hold  over 
four  drams.  It  should  be  of  glass,  mounted  with  a  hard-rubber  cap;  the 
distal  end  should  be  cone-shaped  and  fitted  with  a  rubber  cover.  The 
piston  should  glide  easily  and  smoothly  in  the  barrel.  At  about  the  end 
of  ten  days  the  stage  of  decUne  generally  sets  in.  The  methylene-blue 
capsules  and  argyrol  injections  are  now  discontinued,  and  capsules  con- 
taining cubebs,  copaiba,  and  sandalwood  are  given  before  meals,  and 
five-grain  capsules  of  urotropin  a  half-hour  after  meals.  An  injection 
of  0.25  per  cent,  solution  of  protargol  is  now  employed.  If  this  is  well 
tolerated,  the  strength  should  be  gradually  increased  until  a  1  per  cent, 
solution  is  employed.  By  the  end  of  the  fourth  week  it  will  be  found  that 
the  terminal  stage  has  been  reached,  the  only  symptom  being  a  mucoid 
discharge.  At  this  stage  treatment  is  again  modified.  The  balsamic 
remedies  and  urotropin  capsules  are  discontinued,  and  capsules  of  sandal- 
wood and  salol  given  instead.  A  purely  astringent  injection  is  also 
prescribed.  The  following  injection,  suggested  by  J.  William  White, 
is  excellent,  and  may  be  modified  to  suit  the  individual  case: 

IJ.     Hydrarg.  chlor.  corr gr-  i 

Zinci  sulphocarbol Oss 

Acid,  bond 5ij 

Phenol Zi 

Boroglycerid  (25) 5ij 

Aquse  destil q.  s.  5 vj. 

Sio. — Inject;  dilute  if  painful. 

An  injection  that  I  have  found  very  serviceable  in  the  stage  of  decline, 
when  the  mucoid  condition  predominates,  is  the  following: 

IJ.     Zinc,   sulph gr.  xvj 

Plumb,  acetat gr.  xxx 

Glycer.  of  tannin, 

Lloyd's  hydra«tin aa  ?)iv 

Mucil.  acacisB 5  iv 

Aquae  destil q.  s.  5  vj. 

Sio. — Inject. 

The  injection  known  as  "brue,"  the  formula  for  which  follows,  is  fre- 
quently efficacious: 

IJ.     Plumbi  acetat gr.  xxx 

Zinci  sulph gr.  xvj 

Ext.  krameria  fid Siv 

Tinct.  opii 3iij 

Aquae  dest 5  vj. 
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Ultzmann  recommends: 

IJ.     Zinc,   sulph gr.  xvj 

Pulv.  alum gr.  vj-xij 

Phenol P*'  *^' 

Aquae 5vj. 

M.    Sio. — Inject. 

When  all  symptoms  have  disappeared  and  the  patient  is  convalescent, 
the  astringent  injection  should  be  gradually  weakened  rather  than 
suddenly  discontinued.  When  this  method  has  been  continued  for  a 
week  and  no  symptoms  of  the  disease  have  appeared,  the  patient  may  be 
regarded  as  cured.  Alcoholic  or  sexual  indulgence  should  be  interdicted 
for  at  least  three  weeks.  If  a  relapse  occurs,  the  antiseptic  treatment 
indicated  for  the  second  stage  of  the  affection  should  again  be  employed, 
to  be  followed  by  antiseptic  and  astringent  remedies  when  the  stage  of 
decline  again  sets  in. 

Treatment  of  Severe  Acute  Posterior  Urethritis. — When  the 
morbid  process  involves  the  posterior  urethra,  all  local  treatment  is  to 
be  abandoned  until  the  symptoms  subside.  In  the  milder  forms  the 
patient  may  be  allowed  to  be  up  and  about,  but  there  should  be  as  little 
exertion  as  possible.  The  diet  should  be  restricted,  the  bowels  regulated, 
and  the  patient  encouraged  to  drink  freely  of  an  alkaline  water.  Cap- 
sules containing  cubebs,  copaiba,  sandalwood,  and  methylene-blue  should 
be  taken  before  meals,  and  a  sedative  mixture  after  meals.  In  a  few  days 
the  inflammatory  symptoms  will  subside,  when  the  usual  method  of 
treatment  may  be  employed.  When  the  onset  is  violent,  with  pain, 
hemorrhage,  dysuria,  and  tenesmus,  the  patient  should  be  placed  at 
absolute  rest  and  a  liquid  diet  prescribed.  Frequently  repeated 'hot 
sitz-baths,  and  the  application  of  a  hot-water  bag  over  the  pubes  and 
perineum,  greatly  relieve  the  pain  and  spasm.  If  these  become  un- 
bearable, a  hypodermic  injection  of  morphin,  \  grain,  and  atropin,  y^ 
grain,  should  be  given  directly  into  the  tissues  of  the  perineum.  Reten- 
tion of  urine  constitutes  a  painful  complication,  and  demands  systematic 
aseptic  catheterization. 

Chronic  Anterior  Urethritis. — In  most  instances  there  are  no 
symptoms  beyond  the  presence  of  a  mucopurulent  or  a  scanty  mucoid 
discharge,  usually  occurring  in  the  morning.  A  burning  sensation  along 
the  course  of  the  urethra  is  sometimes  complained  of,  and  there  is  fre- 
quently a  slight  dribbling  of  urine  at  the  end  of  micturition.  Acute 
symptoms,  the  result  of  either  alcoholic  or  sexual  indulgence  or  a  too 
active  overstimulating  treatment,  are  likely  to  develop.  If  the  urine  is 
passed  into  two  glasses,  the  first  will  be  found  cloudy  and  the  second  clear. 

If  the  urethra  is  examined  with  the  endoscope,  congested  and  granular 
patches,  erosions  and  superficial  ulcerations,  or  "nacreous"  patches 
will  be  seen;  the  last-named  lesions  usually  precede  the  formation  of 
stricture.  The  inflamed  mouths  of  the  ducts  of  the  glands  of  Littr6 
can  plainly  be  seen  on  the  floor  and  roof  of  the  urethra,  and  be  detected 
on  passing  a  steel  bougie  into  the  canal  and  running  the  finger  along  the 
under  surface  of  the  urethra,  when  a  number  of  small  nodules  can  be 
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felt.  Occasionally  the  entire  anterior  urethra,  but  more  frequently  only 
the  membranous  portion,  becomes  indurated  and  rigid  and  its  elasticity 
impaired. 

Chronic  Posterior  Urethritis.— The  symptoms  of  this  affection 
may  be  either  very  mild  or  very  severe.  Thus,  beyond  a  tur- 
bidity of  the  urine,  caused  by  the  presence  of  gonorrheal  threads,  there  may 
be  no  other  sjrmptom.  If  these  cases  do  not  receive  proper  treatment, 
they  may  drag  along  for  years.  Occasionally  a  slight  mucoid  discharge 
is  seen,  usually  in  the  morning;  this  is  readily  controlled  by  an  astringent 
injection.  The  desire  to  micturate  may  be  increased,  and  there  may 
also  be  pain.  Nocturnal  pollutions  are  common.  The  semen  may 
be  tinged  with  blood  and  ejaculation  is  frequently  painful.  Atonic 
impotence  not  uncommonly  exists.  If  the  disease  persists,  the  patient 
frequently  develops  sexual  neurasthenia. 

When  the  discharge  is  mucopurulent,  the  balsamic  remedies  are  indi- 
cated, together  with  the  use  of  urinary  antiseptics,  such  as  salol  and 
urotropin.  The  diet  should  not  be  too  restricted.  Alcoholic  and  sexual 
indulgence  should  be  prohibited. 

Superficial  ulcerations  or  erosions  are  best  treated  by  irrigations  of 
the  anterior  lu^thra  every  other  day  with  a  solution  of  silver  nitrate 
1  :  10,000  or  protargol  1  :  2000,  after  which  a  soft-rubber  catheter  should 
be  passed  into  the  bladder  and  the  viscus  filled  with  the  medicament; 
the  instrument  should  then  be  withdrawn,  and  the  patient  instructed 
to  evacuate  the  contents  of  the  bladder;  in  this  way  the  entire  canal  is 
flushed.  An  endoscope  should  now  be  passed,  and  a  strong  stimulating 
lotion,  such  as  a  2  per  cent,  alcoholic  solution  of  phenol  or  silver  nitrate 
2i  grains  to  the  ounce,  should  be  applied  by  means  of  an  applicator. 
The  strength  of  the  solutions  may  be  gradually  increased  as  the  effect 
produced  warrants.  When  the  mucous  surface  is  markedly  congested, 
or  in  erosions  or  ulcerations  associated  with  a  periurethral  infiltration 
that  narrows  the  lumen  of  the  canal  and  interferes  with  its  normal  elas- 
ticity, gradual  dilatation,  employed  in  conjunction  with  a  stimulating 
ointment,  will  frequently  effect  a  cure.  If  necessary,  a  meatotomy 
should  be  performed.  The  entire  urethra  is  irrigated  with  a  protargol 
solution,  1  :  2000,  after  which  a  steel  bougie  that  will  comfortably  dilate 
the  urethra  is  smeared  with  the  ointment  and  inserted.  It  is  allowed  to 
remain  for  at  least  five  minutes,  unless  it  produces  pain.  If  there  is  a 
follicular  involvement,  the  under  surface  of  the  urethra  should  be  massaged 
with  the  index-finger,  making  pressure  on  the  diseased  glands  and  forcing 
out  any  pathologic  secretion  they  may  contain  and  allowing  the  remedy 
to  come  in  contact  with  the  foci  of  the  disease. 

Among  the  many  ointments  prescribed,  those  in  most  general  use  are: 

IJ.     lodin gr.  vj 

Kalii  iodid gr.  xxx 

01.  amygdal Bj 

Lanolin 5  j.  (Finger^s ointment.) 

M. 

VOL.  IV — 34 
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I^.     Argent,  nit ir*  xv 

Lanolin Siij 

01.  oliv 3is8. 

M. 

Another  formula  is: 

IJ.     Ichthyol gr.  XV 

Balsam.  Peru 5iv 

Resorcinol K*  ^j 

01.  ricin 3iv. 

M. 

In  chronic  congested  patches  metal  bougies  smeared  with  blue  oint- 
ment have  been  employed  with  success.  These  are  inserted  into  the 
urethra  for  a  few  minutes  every  third  day.  By  means  of  a  KoUmann 
intra-urethral  probe,  the  end  of  which  has  been  wound  with  absorbent 
cotton  thickly  covered  with  ointment,  the  application  may  be  made 
without  previous  dilatation  or  the  use  of  the  endoscope.  The  applicator 
is  gently  passed  into  the  urethra  until  the  compressor  urethrse  muscle  is 
reached.  It  is  allowed  to  remain  here  for  a  minute  or  two,  and  then 
gradually  withdrawn,  being  slowly  rotated  meanwhile  so  that  the  entire 
wall  of  the  anterior  urethra  is  medicated.  When  the  application  is  to 
be  made  to  the  posterior  urethra,  a  posterior  urethral  endoscope  must  be 
employed.  Papillomata  or  polypi  must  be  removed  with  curet  or  snare. 
Follicular  urethritis  may  be  treated  locally  by  exposing  the  diseased  orifice 
by  means  of  the  endoscope,  evacuating  any  discharge  with  KoUmann *s 
capillary  aspirator,  and  then  injecting  any  desired  preparation  into  the 
structure  of  the  gland  by  means  of  the  cannula  and  syringe,  also  devised 
by  Kollmann.  In  inveterate  cases  of  follicular  urethritis  an  attempt 
may  be  made  to  destroy  the  glands  by  means  of  the  electrolytic  pointed 
probe. 

Lesions  in  the  posterior  urethra  are  treated  in  precisely  the  same 
manner  as  those  found  in  the  anterior  portion  of  the  canal.  When  the 
disease  is  localized  to  the  deep  urethra,  the  entire  canal  must  be  irrigated 
when  it  is  desired  to  flush  the  urethra  with  any  medicament.  Applica- 
tions of  stimulating  solutions  or  ointments  are  made  by  means  of  an 
applicator  passed  through  a  posterior  endoscope.  Frequently  it  may  be 
found  inexpedient  to  irrigate  the  prostatic  urethra  or  to  irrigate  it  by 
inserting  the  endoscope ;  in  such  cases  instillations  may  be  made  by  means 
of  the  Keyes-lltzmann  or  Guyon  syringe,  injecting  from  five  to  ten 
minims  of  a  0.25  to  2  per  cent,  protargol  solution,  or  a  silver  nitrate 
solution,  2i  grains  to  the  ounce.     Arg\Tol  is  valueless  in  chronic  cases. 

Occasionally  local  treatment  in  chronic  cases  is  continued  over  too 
long  a  period.  When  the  discharge  persists  in  spite  of  treatment,  this 
should  be  discontinued  and  efforts  directed  toward  improving  the  patient's 
general  health.  Chronic  gonorrhea  may  be  followed  by  a  urethrorrhea, 
which  will  disappear  if  treatment  is  omitted. 

The  marriage  of  one  who  has  a  chronic  inflammatory  lesion  in  the 
urethra  or  a  suppurative  discharge  should  never  be  sanctioned. 
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Gonorrhea  occurs  far  more  frequently  among  women  than  is  gen- 
erally believed.  Any  portion  of  the  mucous  surface  of  the  genital  appa- 
ratus may  be  the  primary  seat  of  infection,  or,  as  rarely  happens,  it  may, 
from  the  outset,  be  involved  in  its  entirety.  It  is  not  unusual  to  find 
two  distinct  portions  of  the  genital  apparatus  infected  simultaneously. 
The  inflammatory  symptoms  may  be  acute,  subacute,  or  chronic. 

Gonorrhea  of  the  Urethra, — Except  in  children  and  young 
adults,  the  urethra  is  usually  the  first  portion  of  the  genital  apparatus 
to  be  invaded  by  the  gonococci,  although  the  urethra  and  cervical  canal 
may  be  affected  simultaneously.  The  period  of  incubation  is  from  two 
to  five  days.  The  attack  begins  with  a  burning,  tingling  sensation  in  the 
urethra,  attended  with  a  slight  serous  secretion.  Later  the  symptoms 
become  more  acute.  There  is  burning  pain  along  the  canal,  especially 
during  urination,  the  lips  of  the  meatus  are  swollen  and  pouting,  and 
there  is  a  discharge  of  greenish-yellow  pus. that  irritates  the  mucous 
membrane  with  which  it  comes  in  contact.  The  bladder  soon  becomes 
impUcated  and  ardor  urinae  occurs.  When  the  urethra  alone  is  involved, 
the  two-glass  urinary  test  will  show  the  first  urine  to  be  cloudy  and  the  sec- 
ond clear;  if  the  bladder  is  affected,  both  will  be  cloudy.  If  the  patient 
has  urinated  just  before  examination,  no  discharge  will  be  discernible 
unless  it  is  expressed  from  the  canal  by  making  pressure  along  the  under 
surface  of  the  urethra — a  test  known  as  "stripping  the  urethra."  The 
symptoms  subside  in  the  course  of  a  week,  and  a  chronic  urethritis  may 
be  set  up. 

A  form  of  chronic  urethritis  is  occasionally  observed  that  resembles 
a  similar  condition  attacking  the  deep  urethra  in  the  male.  In  this  con- 
dition the  urine  is  cloudy,  and  contains  mucus,  pus,  and  epithelium. 
Increased  frequency  of  urination,  pain  in  the  sacral  region,  and  vaginis- 
mus occur.  Examination  reveals  a  thickening  of  the  mucous  membrane, 
due  to  cell  proliferation,  with  a  fissure  or  erosion  at  the  neck  of  the  bladder. 

Gonorrhea  of  the  Os  Uteri,— Next  in  frequency  to  the  urethra 
the  cervical  canal  is  most  often  the  seat  of  primary  attack.  This  is  a 
serious  condition,  because  of  the  danger  of  the  disease  becoming  latent. 
A  gonorrheal  infection  of  the  neck  of  the  uterus  may  be  limited  to  the 
cervical  canal,  the  process  being  inhibited  at  the  os  internum.  When 
the  affection  becomes  chronic,  it  is  likely  to  become  localized  in  the  glands 
of  Naboth;  in  this  case  there  will  be  few,  if  any,  appreciable  symptoms. 
The  discharge  is  frequently  free  from  gonococci,  but  women  so  affected 
often  transmit  the  infection.  The  cervix  is  generally  infected  primarily, 
but  it  is  not  uncommon  to  find  it  involved  simultaneously  with  the  ure- 
thra. It  is  only  in  the  hyperacute  cases  that  the  infection  extends  back- 
ward and  involves  the  uterus. 

Invasion  of  the  cervix  uteri  is  generally  very  insidious,  and  there  are 
no  characteristic  symptoms.  In  some  cases  there  is  a  feeling  of  weight 
in  the  pehas,  a  dragging  sensation  in  the  loins,  or  the  uterus  may  be  sen- 
sitive on  palpation.     Dysmenorrhea  or  metrorrhagia,  together  with  a 
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slight  increase  in  the  leukorrheal  discharge,  may  be  the  first  symptoms. 
On  vaginal  examination  nothing  abnormal  may  be  visible  beyond  a 
slight  congestion,  with  a  thick,  glairy  mucous  discharge  at  the  outlet, 
or  the  neck  of  the  uterus  may  be  swollen,  red,  and  pouting,  with  erosions 
on  the  mucous  membrane.  This  form  of  inflammation  sometimes  ex- 
tends and  involves  the  mucous  membrane  of  the  vagina  surrounding  the 
uterus.  The  cervix  may  be  deeply  eroded  and  of  a  purplish  hue,  in  which 
case  there  is  a  thick,  mucopurulent  secretion  that  bathes  the  neck  of  the 
uterus  and  collects  in  the  posterior  portion  of  the  vagina,  giving  rise  to 
a  localized  vaginitis.  When  the  glands  of  Naboth  are  involved,  the  cer\ax 
presents  a  nodular  appearance,  sometimes  dotted  with  red  elevations, 
thick  plugs  of  mucus  being  adherent  to  the  uterine  outlet. 

Gonorrheal  Endometritis. — Gonorrhea  of  the  uterus  may  be 
acute  or  chronic.  A  diagnosis  can  be  made  only  from  a  history  of  the 
case  and  from  the  discovery  of  gonococci  in  the  discharges.  Usually 
there  is  a  feeling  of  malaise,  with  slight  fever,  nausea,  and  vomiting.  Pain 
is  felt  in  the  sacral  region  and  is  aggravated  by  motion.  There  is  often 
a  burning  or  bearing-down  sensation  in  the  pelvis.  The  vagina  is  hot, 
and  the  uterus  is  symmetrically  enlarged  and  tender.  The  cervix  is 
edematous  and  inflamed.  In  the  early  stages  the  discharge  ffiom  the  uterus 
will  be  mucopurulent;  later  it  becomes  purulent  and  frequently  tinged 
with  blood.    Menstrual  suppression  or  menorrhagia  may  occur. 

It  is  frequently  impossible  to  differentiate  between  a  chronic  inflam- 
mation of  the  uterus  due  to  gonococeic  invasion  and  one  produced  by  other 
causes.  A  gonorrheal  perimetritis  is  an  especially  dangerous  condition, 
being  prone  to  develop  either  during  pregnancy  or  just  after  childbirth, 
and  frequently  giving  rise  to  sepsis. 

Chronic  gonorrheal  metritis,  perimetritis,  salpingitis,  and 
oophoritis  are  treated  of  elsewhere  (see  Vol.  V). 

Gonorrhea  of  the  Vulva. — Gonorrheal  vulvitis  may  be  a  pri- 
mary or  a  secondary  infection.  It  may  involve  the  vulva  alone,  but  is 
frequently  complicated  by  urethritis  and  bartholinitis.  It  is  most  com- 
monly seen  in  children  and  young  girls,  occurring  as  the  result  of  rape 
or  of  the  first  attempt  at  coitus  with  a  man  suffering  from  a  specific  ure- 
thritis. The  attack  usually  begins  with  an  itching  or  an  intense  burning 
sensation  of  the  external  genitalia,  accompanied  by  a  mucoid  discharge 
that  rapidly  becomes  purulent  and  very  profuse,  causing  an  irritation  of 
the  cutaneous  structures  with  which  it  comes  in  contact.  Patches  of 
dermatitis  are  not  infrequently  seen  on  the  inner  side  of  the  thighs.  If 
the  discharge  comes  in  contact  with  the  anus,  tenesmus  of  the  sphincter 
ani  results,  the  symptoms  simulating  fissure  in  ano.  The  labia  become 
edematous  and  swollen.  The  mucous  membrane  covering  the  vulva  be- 
comes eroded.  The  passage  of  the  acid  urine  over  the  eroded  surfaces 
gives  rise  to  severe  pain  and  discomfort.  The  irritation  about  the  clitoris 
frequently  produces  intense  sexual  excitement  and  even  nymphomania. 

Gonorrheal  Infection  of  the  Glands.— The  structures  most  likely 
to  become  infected  are  Skene's  urethral  glands,  the  extra-urethral  and 
para-urethral  follicles,  and  the  glands  of  Bartholin  and  of  Naboth.    This 
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form  of  gonorrhea  is  but  little  understood,  and  is  not  infrequently  en- 
tirely overlooked  or  neglected. 

Bartholinitis. — This  affection  may  be  either  acute  or  chronic,  and 
frequently  complicates  gonorrheal  vulvitis.  The  earliest  symptom  is  a 
feeling  of  pain  and  rigidity  of  the  affected  labium;  a  small  mass  develops 
in  the  lower  portion  of  the  vaginal  orifice;  this  rapidly  increases  in  size, 
and  may  attain  the  dimensions  of  a  hen's  egg.  TTie  swelling  is  red  and 
sensitive.  Congestion  and  edema  are  present.  Pain  is  increased  on 
exertion,  and  there  may  be  mild  rigor,  with  febrile  reaction.  Suppura- 
tion is  the  rule,  the  abscess  rupturing  near  the  orifice  of  the  duct,  and  dis- 
charging a  thick  yellow  pus  that  is  frequently  offensive  and  contains 
gonococci.  The  parts  gradually  assume  their  normal  condition,  leaving 
a  sinus  or  a  portion  of  the  infected  gland  behind,  which  may  become  the 
seat  of  future  abscesses  and  the  avenue  by  which  the  infection  may  be 
transmitted.  When  the  duct  of  the  gland  alone  is  involved,  there  may 
be  no  symptoms  beyond  a  slight  feeling  of  irritation  in  the  part,  and  the 
patient  may  be  unaware  of  her  condition.  The  infection  may  extend  to 
the  gland,  and  an  abscess  forming  on  it  may  result  in  chronic  adenitis. 

Gonorrheal  Vaginitis. — This  condition  is  usually  secondary  to  infec- 
tion of  the  urethra  or  vulva.  The  inflammatory  process  may  be  acute,  sub- 
acute, or  chronic,  and  diffuse  or  localized.  Any  portion  of  the  vagina  may 
be  involved.  In  the  acuie  variety  there  is  at  first  an  imeasy,  burning 
sensation  in  the  vagina,  attended  by  a  mucopurulent  discharge  that  soon 
becomes  purulent.  Edema  and  erosion  of  the  folds  of  mucous  membrane 
at  the  entrance  of  the  vagina  occur.  When  the  entire  structure  is  in- 
flamed, especially  if  urethritis  or  vulvitis  is  also  present,  the  patient's  suffer- 
ings are  intense.  The  mucous  membrane  of  the  vagina  becomes  so  swollen 
and  tender  that  local  treatment  is  impossible  until  the  hyperacute  symp- 
toms subside. 

In  the  subacute  stage  the  discharge  is  scantier  and  more  mucoid  in 
character,  becoming  localized  to  one  or  more  patches  on  the  mucous  sur- 
face. 

In  chronic  vaginitis  the  mucous  membrane  becomes  thickened  and 
granular,  and  a  catarrhal  discharge  occurs  that  is  generally  mistaken 
for  leukorrhea. 

Treatment. — The  treatment  of  gonorrhea  in  women  is  usually  a 
very  unsatisfactory  procedure.  The  acute  invasion  is  frequently  so  mild 
and  subsides  so  quickly  into  either  a  subacute  or  a  chronic  condition  that 
it  is  often  impossible  to  impress  such  patients  with  the  necessity  of  sub- 
mitting to  the  tedious  course  of  local  treatment  required  to  effect  a  cure. 
The  appearance  of  the  catamenia  interferes  with  treatment  and  delays 
convalescence. 

Gonorrheal  Urethritis, — The  administration  of  the  balsamic  rem- 
edies or  of  genito-urinary  antiseptics  is  indicated  only  when  either  the 
urethra  or  the  bladder  is  involved.  An  uncomplicated  case  of  urethritis 
in  the  female  is  treated  on  exactly  the  same  lines  as  a  similar  infection 
in  the  male,  with  the  exception  that  the  topical  remedies  should  be  stronger 
and  that  the  glass  hand  syringe  employed  should  not  have  a  capacity 
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of  over  one  dram.  If  cystitis,  vulvitis,  bartholinitis,  or  vaginitis  develops, 
local  treatment  must  be  discontinued  until  the  acute  symptoms  have 
subsided.  When  there  is  a  hyperacute  urethritis,  the  treatment  consists 
of  frequent  hot  sitz-baths  and  vaginal  irrigations  with  potassium  perman- 
ganate solution.  No  urethral  medication  should  be  undertaken  until  all 
acute  symptoms  are  under  control. 

When  the  affection  becomes  chronic,  the  lesions  somewhat  resemble 
those  seen  in  the  male  m-ethra  in  a  similar  condition  and  demand  the 
same  treatment.  If  the  urine  contains  pus  and  mucus,  the  balsamic  rem- 
edies should  be  continued.  Ointments  of  one  of  the  newer  silver  salts 
should  be  applied  to  the  diseased  surface  about  every  third  day  with  the 
aid  of  the  endoscope.  When  there  is  a  periurethral  infiltration,  with  a 
fissure  at  the  neck  of  the  bladder,  the  vesical  erosion  should  be  touched 
with  a  bit  of  cotton  wound  on  the  end  of  an  applicator,  moistened  with 
a  solution  of  silver  nitrate,  five  grains  to  the  ounce,  and  passed  through 
an  endoscope.  A  soft-rubber  catheter  should  then  be  inserted  and  the 
bladder  irrigated  with  1 :  10,000  silver  nitrate  solution,  gradually  increas- 
ing the  strength  of  the  solution  as  the  indications  demand.  A  short 
steel  bougie  should  next  be  inserted,  and  allowed  to  remain  in  the  urethra 
for  two  or  three  minutes.  Stricture  of  the  urethra  is  treated  by  gradual 
dilatation. 

Gonorrhea  of  the  Os  Uteri  and  Uterus. — The  sole  treatment  for 
a  gonorrheal  infection  that  involves  only  the  os  uteri  or  the  uterus  con- 
sists in  dilatation  and  curettage  of  the  cervical  canal  and  the  cavity  of  the 
uterus.  After  the  curettage  the  vagina  should  be  douched  twice  daily  with 
either  a  bichlorid  or  a  potassium  permanganate  solution.  If  any  evi- 
dence of  the  affection  is  found  about  the  cervix  after  the  operation,  this 
should  be  treated  with  local  appUcations  of  one  of  the  silver  salts,  prefer- 
ably silver  nitrate.  Ichthyol  is  also  very  serviceable  at  times  as  a  topical 
application.  If  the  uterine  adnexa  are  diseased,  the  curettage  should  be 
followed  at  once  by  abdominal  section  and  removal  of  the  diseased  ap- 
pendages. 

Gonorrheal  Vulvitis. — Rest  and  a  restricted  diet  should  be  ordered 
and  the  bowels  moved  freely  with  the  aid  of  salines.  The  urine  should 
be  rendered  unirritating  by  the  internal  administration  of  potassium 
citrate  and  alkaline  mineral  waters.  Cleanliness  is  absolutely  essential. 
If  the  hair  about  the  pubes  becomes  matted,  it  should  be  shaved  off  and 
the  secretion  washed  away  with  a  stream  of  hot  normal  salt  solution, 
care  being  exercised  to  prevent  the  discharge  from  being  driven  into  the 
vagina  or  urethra.  The  part  is  then  sprayed  with  hydrogen  dioxid  and 
afterward  irrigated  with  salt  solution.  The  inflamed  surface  should 
then  be  brushed  over  with  a  20  per  cent,  solution  of  arg>'rol,  followed  by 
an  irrigation  of  1 :  5000  mercur>'^  bichlorid  solution,  or  potassium  perman- 
ganate, 1 :  2000,  after  which  sterihzed  gauze,  moistened  with  either  solu- 
tion, may  be  kept  constantly  applied  to  the  part,  the  dressing  being 
held  in  place  by  means  of  a  T-bandage.  If  the  symptoms  become  ver\' 
acute,  and  there  are  swelling  and  pain,  lead-water  and  laudanum  should 
be  applied.     If  there  is  marked  edema,  multiple  punctures,  under  strict 
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asepsis,  should  be  made,  penetrating  merely  through  the  cutaneous  sur- 
face. This  procedure  is  frequently  followed  by  immediate  relief  from 
pain  and  the  subsidence  of  the  swelling.  When  the  symptoms  abate, 
a  boric-acid  solution  may  be  substituted  for  the  mercury  bichlorid  or 
potassium  permanganate  solution.  When  the  condition  becomes  chronic 
and  localized,  irrigations  of  weak  solutions  of  mercury  bichlorid  should 
be  ordered  twice  daily,  and  local  applications,  either  of  silver  nitrate. 
(20  grains  to  the  ounce)  or  of  protargol  (2  grains  to  the  ounce),  be  made 
to  the  lesions  about  once  every  third  day.  When  the  patient  is  conva- 
lescent, a  dusting-powder,  consisting  of  zinc  stearate,  talc,  or  bismuth, 
is  to  be  applied,  the  labia  being  separated  by  means  of  steriUzed  absor- 
bent cotton. 

Gonorrheal  Bartholinitis. — If  the  patient  is  seen  during  the  early 
stage,  before  suppuration  has  occurred,  the  gland,  together  with  the  duct 
leading  to  the  glandular  tissue,  should  be  resected.  If  suppuration  has 
taken  place,  the  abscess  should  be  incised  on  the  inner  surface  of  the  labia, 
and  the  gland,  as  well  as  its  duct,  destroyed  by  means  of  a  curet  and 
phenol,  or,  what  is  preferable,  both  structures  should  be  completely 
resected,  and  the  wound  washed  with  hydrogen  dioxid,  irrigated  with 
mercury  bichlorid  solution,  packed  with  iodoform  gauze,  and  allowed  to 
granulate.  Attempts  to  obtain  union  by  first  intention  in  such  cases 
are  futile.  When  the  gland  is  enlarged  and  indurated,  it  should  be  re- 
sected by  making  an  incision  through  the  skin  surface,  closing  the  woimd 
later  by  means  of  interrupted  sutures. 

Gonorrheal  Vaginitis. — In  mild  cases  the  vagina  should  be  douched 
night  and  morning  with  at  least  a  gallon  of  a  warm  solution  of  corrosive 
sublimate  1  f  4000,  gradually  increasing  the  strength  to  1 :  2000;  or  potas- 
sium permanganate  may  be  employed,  beginning  with  a  1 :  4000  solution 
and  increasing  to  1 :  1000.  After  this  two  drams  of  hydrogen  dioxid 
should  be  injected,  and  then  washed  away  with  a  quart  of  normal  salt 
solution.  The  entire  mucous  surface  should  next  receive  an  application 
of  a  20  per  cent,  argyrol  solution,  and  a  tampon  wet  with  the  same  may 
be  inserted  and  left  in  place  until  the  next  irrigation  is  to  be  performed. 
In  the  course  of  a  few  days  a  1  per  cent,  protargol  solution  should  be  sub- 
stituted for  the  argyrol.  In  about  ten  days  or  two  weeks  the  inflam- 
mation will  become  localized  to  one  or  more  patches  on  the  mucous  mem- 
brane of  the  vagina.  Irrigations  with  creolin,  or  preferably  with  1  per 
cent,  lysol  solution,  should  now  be  made,  followed  by  local  applications 
of  silver  nitrate  solution,  30  grains  to  the  ounce,  or  1  per  cent,  protargol 
solution,  the  applications  being  made  with  the  aid  of  a  speculum.  After 
this  a  vaginal  tampon  of  wood-wool,  soaked  either  in  ichthyol  or  in  boro- 
glycerid,  should  be  inserted. 

A  chronic  granular  condition  of  the  mucous  surface,  most  commonly 
affecting  the  posterior  segment  of  the  tube  just  behind  the  cervix,  should 
be  treated  by  means  of  a  vaginal  douche  of  1  :  20,000  mercury  bichlorid 
solution,  after  which  the  woman  should  be  placed  in  the  knee-chest  posi- 
tion and  a  Sims  speculum  introduced.  The  inflamed  area  should  now 
be  touched  with  the  silver  preparation,  and  a  five-grain  ichthyol  vaginal 
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suppository  inserted.  When  the  inflammatory  process  is  very  acute,  and 
a  considerable  portion  of  the  tube  is  affected,  local  treatment  is  impossible 
until  the  symptoms  begin  to  abate.  The  patient  is  kept  in  bed  and  a 
brisk  purgative  administered.  Hot  rectal  injections,  sitz-baths,  and  the 
local  application  of  lead-water  and  laudanum,  make  up  the  treatment. 
The  vulva  and  the  orifice  of  the  vagina  may  be  painted  over  with  a  10  per 
cent,  solution  of  argyrol;  about  1  dram  of  this  may  also  be  injected  very 
gently  into  the  tube  by  means  of  a  small  hand  syringe,  or  by  the  insertion 
of  a  well-lubricated  small  rubber  catheter.  As  soon  as  feasible,  local 
treatment  should  be  instituted. 


GONORRHEAL  OPHTHALMIA. 

This  is,  fortunately,  not  a  very  common  disease.  It  may  be  defined 
as  a  violent  purulent  conjunctivitis,  caused  by  infection  of  the  conjunc- 
tival sac  by  gonococci.  The  most  common  mode  of  infection  is  through 
contamination  brought  directly  from  the  urethra  to  the  eye;  not  infre- 
quently, also,  either  as  the  result  of  accident  or  of  carelessness  on  the  part 
of  the  attendant,  the  infection  is  transmitted  from  the  diseased  to  the  sound 
eye.  In  the  new-born  infant  the  affection  occurs  by  inoculation  from 
the  gonorrheal  discharges  about  the  genitals  of  the  mother  during  the  pas- 
sage of  the  child. 

Symptoms. — ^As  a  rule,  the  onset  is  so  rapid  that  the  inflammatory 
symptoms  are  in  the  acute  stage  when  the  patient  applies  for  treatment. 
The  symptoms  usually  appear  very  shortly  after  infection,  and  consist  of 
itching  and  a  feeling  of  irritation  about  the  eye,  similar  to  that  expe- 
rienced when  a  foreign  body  is  embedded  in  the  conjunctiva.  There  is 
a  free  escape  of  lacrymal  fluid,  and  the  mucus  collects  in  the  inner  canthus, 
gluing  the  eyelashes  together.  The  conjunctiva,  by  this  time,  is  mark- 
edly congested.  The  mucoid  secretion  soon  becomes  purulent  and  runs 
down  the  cheek,  being  diluted  from  time  to  time  with  the  abundant  watery 
secretion  coming  from  the  lacrymal  gland.  The  irritating  discharge  fre- 
quently causes  a  dermatitis  of  the  skin  surrounding  the  eye. 

The  inflammatory  process  first  affects  the  inner  surface  of  the  eyelids, 
and  rapidly  involves  the  entire  conjunctival  sac.  The  eye  assumes  a  deep- 
red,  angry  appearance,  with  swelling  of  the  membrane  and  eversion  of 
the  lids,  forming  a  thick  border  around  the  cornea — a  condition  known  as 
**chemosis."  The  eyelids  become  swollen,  the  upper  lid  being  markedly 
discolored  and  overlapping  the  lower.  Photophobia  is  frequent.  Che- 
mosis  may  interfere  with  the  circulation  of  the  cornea,  causing  strangula- 
tion, and,  as  a  result,  there  may  be  a  localized  ulceration  or  a  sloughing 
of  the  entire  cornea,  with  the  discharge  of  the  crystalline  lens. 

In  true  gonorrheal  ophthalmia  the  outlook  is  very  grave.  If  the  case 
is  early  brought  under  the  care  of  a  skilful  ophthalmologist,  the  prognosis 
is  somewhat  brighter.  Ulceration  of  the  cornea  leaves  the  vision  more 
or  less  permanently  impaired. 

Treatment. — ^The  patient  should  be  isolated  in  a  moderately  darkened, 
well-ventilated  room,  under  the  supervision  of  a  day  and  a  night  nurse, 
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for  constant  care  and  attention  are  necessary  to  insure  successful  treat- 
ment. The  attendants  should  be  warned  of  the  infectious  nature  of  the 
disease.  If  but  one  eye  is  infected,  the  other  should  be  protected  by 
means  of  a  BuUer's  shield.  Frequently  repeated  irrigations  should  be  be- 
gun at  once.  These  may  consist  of  mercury  bichlorid  solution,  1 :  10,000, 
mercury  cyanid,  1 :  5000,  and  boric  acid.  The  first  two  remedies  mentioned 
are  not  germicidal  in  a  strength  that  it  is  safe  to  employ  in  eye  infections, 
and  consequently  serve  only  as  cleansing  agents.  De  Schweinitz  recom- 
mends a  stearated  solution  of  boric  acid,  which  **  fulfils  both  purposes  of 
being  safe  and  cleansing.''  //  the  cornea  is  not  involved,  compresses  soaked 
in  ice-water  should  be  applied  to  the  swollen  eyelids,  changing  them 
every  half-hour  or  less  often,  according  to  the  effect  produced.  They 
may  be  used  almost  continuously  for  two  or  three  hours.  The  conjunc- 
tival sac  may  be  kept  continually  floated  in  a  5  per  cent,  argyrol  solution, 
by  what  de  Schweinitz  calls  the  ** immersion  method";  by  this  means 
**  the  conjunctiva  is  kept  constantly  bathed  in  the  solution,  which  is  bland, 
unirritating,  and  materially  aids  in  bringing  to  the  surface  from  the  hidden 
folds  of  the  swollen  conjunctiva  the  purulent  secretion.*'  Silver  nitrate 
is  useful,  being  astringent,  caustic,  alterative,  and  germicidal.  The  sac 
is  first  irrigated  and  all  pus  and  lymph  washed  away.  Both  lids  are 
everted  so  as  to  obtain  full  exposure  of  the  swollen  tarsal  conjunctiva. 
WUh  a  small  cotton  mop  dipped  in  a  freshly  prepared  2  per  cent,  silver 
nitrate  solution,  the  conjunctiva  is  gently  but  thoroughly  painted  until 
a  white  film  forms.  Irrigation  with  normal  salt  solution  is  now  employed 
imtil  this  film  is  completely  washed  away.  The  ice  compresses  are  then 
reapplied  for  about  ten  minutes.  This  application  should  be  made  once 
daily.  If  this  mode  of  treatment  fails  to  produce  the  desired  effect,  irri- 
gation with  copious  solution  of  potassium  permanganate  1  :  2000  or 
1 :  5000  should  be  employed  three  or  four  times  daily  after  the  manner 
of  Kalt  (de  Schweinitz). 

Marked  chemosis  is  best  treated  by  scarification,  making  radial 
incisions  with  a  Graefe  knife  from  within  outward  through  the  entire 
depth  of  the  swollen  tissue.  Care  should  be  observed  not  to  wound 
the  cornea.  As  soon  as  the  operation  is  completed  the  conjunctival  sac 
should  be  irrigated  with  a  saturated  boric-acid  solution  until  bleeding 
ceases.  When  the  sweUing  is  so  great  that  the  eyelid  cannot  be  everted, 
some  surgeons  advise  free  division  of  the  outer  commissure  and  of  the 
canthal  ligament.  Severe  edema  of  the  eyelid  may  be  relieved  by  mak- 
ing minute  punctures  in  the  skin.  From  the  first,  a  solution  of  atropin 
should  be  dropped  into  the  eye  for  the  purpose  of  relieving  pain  by  les- 
sening intraocular  tension  and  tending  to  keep  the  iris  free  from  ad- 
hesions. As  convalescence  sets  in  the  eye  should  be  shaded  from  the 
light,  the  silver  solution  being  gradually  reduced  in  strength,  and  ordi- 
nary astringents,  such  as  alum  or  zinc  in  weak  solutions,  substituted. 
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DISEASES  OF  COWPER'S  GLANDS. 

These  glands  are  the  analogue  of  the  gland  of  Bartholin  in  the  female. 
In  the  normal  condition  the  glands  cannot  be  detected  on  palpation. 
When  enlarged  or  inflamed,  however,  they  can  easily  be  distinguished 
by  inserting  the  index-finger  into  the  rectum  and  placing  the  thumb 
upon  the  perineum  of  the  affected  side.  Gentle  manipulation  will  ex- 
press any  pathologic  secretion  they  may  contain  into  the  urethra,  from 
which  canal  it  can  readily  be  secured  for  microscopic  study. 

Inflammation. — Cowperitis  may  be  due  to  a  secondary  infection 
the  result  of  typhoid,  endocarditis,  measles,  and  pyemia;  as  a  rule,  how- 
ever, it  is  due  to  a  gonococcic  infection  of  the  lu^thra;  it  is  also  occasion- 
ally associated  with  a  prostatitis.  A  gonorrheal  inflammation  of  Cowper's 
glands  may  occur  as  early  as  the  third  week  after  the  onset  of  a  urethri- 
tis or  not  until  a  much  later  period.  The  most  conmion  mode  of  onset  is 
the  sudden  development  of  acute  localized  symptoms  that  soon  result 
in  the  formation  of  an  abscess.  In  some  cases  the  patient's  resisting 
power  to  microbic  invasion  seems  to  be  so  great  that  a  low  grade  of  in- 
flammation results,  the  development  of  the  characteristic  symptoms 
being  gradual,  the  gland  remaining  enlarged,  and  considerable  hyper- 
plasia taking  place  before  suppuration  sets  in.  In  the  acute  form  a 
small,  painful  mass  is  felt  in  the  perineum.  Pain  is  aggravated  by  motion, 
pressure,  the  sitting  postiure,  or  defecation.  Spasm  of  the  compressor 
urethrae  muscles  renders  the  termination  of  urination  painful.  Frequently 
dysuria  is  present,  and  at  times  retention  occurs.  When  suppiu-ation 
occurs,  the  swelling  increases  in  size.  When  the  pus  is  deep-seated, 
the  symptoms  resemble  those  of  cellulitis.  The  perineal  and  scrotal 
swelling  is  hard,  tense,  red,  and  brawny,  the  skin  is  hot  and  tender  to  the 
touch,  and  there  is  no  evidence  of  fluctuation.  A  small  abscess  may  form 
in  the  substance  of  the  gland,  discharging  its  contents  through  the  duct 
into  the  urethra,  a  cure  being  effected  by  a  gradual  obliteration  not  only 
of  the  gland,  but  of  the  duct  as  well.  This  fortunate  termination  is 
rare;  more  commonly  there  remains  a  small  hard  lump  on  one  side  of  the 
median  line  of  the  perineum,  which  is  a  constant  source  of  menace  to  the 
individual,  making  recurrence  possible,  and  leaving  the  patient  liable 
to  transmit  the  disease  during  coition. 

At  times  a  cowperitis  is  chronic  from  the  beginning.  The  gland 
slowly  enlarges  until  the  tumor  may  reach  the  size  of  a  walnut;  it  is  only 
slightly  sensitive.  This  condition  may  persist  for  two  months  or  more 
before  suppuration  takes  place.  During  an  acute  attack  of  cowperitis 
the  urethral  discharge  either  ceases  temporarily,  or  is  very  much  dimin- 
ished in  quantity,  only  to  become  profuse  again  when  the  acute  inflam- 
matory' symptoms  subside.  A  chronic  cowperitis  may  result  in  a  hyper- 
secretion of  mucus,  causing  a  constant  mucoid  discharge  that,  as  the  result 
of  pressure,  may  appear  at  the  meatus  as  a  clear  drop,  gluing  together 
the  lips  of  the  orifice.  The  urethra  is  normal.  The  urine  will  also  be 
normal  and  clear,  occasionally  showing  the  presence  of  sUght  amounts  of 
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mucus.  A  bacteriologic  examination  of  the  secretion  will  prove  nega- 
tive; at  times  a  few  epithelial  cells  may  be  found. 

As  a  rule,  constitutional  symptoms  are  mild  or  absent.  When  there 
is  quite  an  extensive  abscess,  there  may  be  a  slight  rigor  and  a  febrile 
reaction.  When  the  pus  is  deep-seated,  there  will  be  a  decided  rise  of 
temperature. 

Treatment. — The  only  treatment  is  immediate  operation. 

In  cases  of  small  abscesses  of  the  gland  that  drain  into  the  urethra 
resection  should  be  done.  A  large  perineal  or  scrotal  abscess  should  be 
freely  incised  and  drained,  the  diseased  gland  being  removed  at  the 
same  time.  When  the  pus  is  deep-seated  and  there  is  cellulitis  of  the 
perineum,  the  inflammatory  tissue  should  be  incised  and  the  dissection 
continued  until  the  focus  of  pus-formation  is  reached.  Gangrenous 
cellular  tissue  should  be  removed  if  possible.  In  all  suppurative  cases, 
after  the  pus  has  been  evacuated,  the  wound  should  be  flushed  with  hy- 
drogen dioxid,  irrigated  with  a  1 :  1000  mercury  bichlorid  solution,  packed 
with  iodoform  gauze,  and  the  abscess  cavity  allowed  to  heal  from  the 
bottom  up.  If  the  abscess  has  ruptured  before  the  patient  is  seen  for 
the  first  time,  and  a  fistula  leading  down  to  the  diseased  structure  re- 
mains, with  more  or  less  hyperplasia,  the  sinus  should  be  freely  opened 
and  the  diseased  tissue  removed.  The  fistula,  together  with  the  renmant 
of  the  diseased  gland,  should  be  dissected  out.  The  margins  of  the  fistu- 
lous opening  in  the  urethra  should  be  freshened,  the  opening  then  being 
closed  by  means  of  interrupted  fine  catgut  sutures,  a  soft-rubber  catheter 
being  inserted  through  the  urethra  into  the  bladder,  thus  draining  off  the 
urine  until  the  wound  in  the  urethra  has  healed.  No  attempt  should  be 
made  to  close  the  urethral  fistula  until  the  urethritis  has  disappeared. 
Cubebs,  copaiba,  and  sandalwood  may  be  administered  with  advantage 
immediately  after  the  operation.  Local  treatment  is  not  to  be  resumed 
until  the  patient  is  convalescent  from  the  effect  of  the  cowperitis. 

Tuberculosis. — This  is  a  very  rare  affection;  when  it  does  occur, 
it  usually  results  from  a  tuberculous  urethritis.  The  disease  develops 
insidiously,  with  a  painless  enlargement  of  the  gland. 

The  only  treatment  is  operative.  The  infected  area  should  be  re- 
sected and  the  curet  employed;  the  wound  should  be  flushed  with 
hydrogen  dioxid,  followed  by  irrigation  with  a  mild  mercury  bichlorid 
solution,  after  which  phenol  should  be  applied  to  the  affected  siuiace 
and  the  wound  swabbed  with  sterilized  absorbent  cotton  saturated  with 
alcohol,  and  then  packed  with  iodoform  gauze. 

Tumors. — ^They  have  been  obserx^ed  only  in  the  form  of  cysts  land 
of  carcinomata.  In  carcinoma  the  only  treatment  is  early  and  complete 
removal.  When  the  tumor  is  inoperable,  the  treatment  should  be  pal- 
Uative. 

STRICTURE  OF  THE  URETHRA. 

Stricture  of  the  urethra  may  be  either  temporary  or  permanent,  con- 
genital or  acquired.  The  temporary  form  is  either  inflammatory  or 
spasmodic  in  nature,  whereas  the  organic  form  is  due  to  pathologic 
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changes  affecting  the  structures  that  make  up  the  wall  of  the  ure- 
thra. 

The  congenital  variety  is  rare,  its  site  being  either  the  region  of  the 
meatus  or  the  bulbomembranous  junction  of  the  urethra.  The  only  treat- 
ment for  this  form  of  stricture  is  early  operation. 

An  acquired  stricture  may  be  inflammatory,  spasmodic,  or  organic 
in  nature. 

Inflammatory  strictures  are  usually  of  the  temporary  variety,  being 
associated  with  an  acute  urethritis  that  gives  rise  to  an  edema  of  the  mu- 
cous membrane,  together  with  the  formation  of  a  recent  soft  plastic  exu- 
date in  the  periurethral  tissue  that  interferes  with  the  dilatability  of  the 
canal  and  diminishes  its  caliber.  The  obstruction  usually  disappears  as  the 
inflammatory  process  subsides;  the  cellular  infiltrate  may,  however,  be- 
come organized  into  fibrous  connective  tissue,  resulting  in  the  formation 
of  an  organic  stricture.  Retention  of  urine  the  result  of  an  inflammatory 
stricture  is  rare;  when  it  occurs,  it  is  due  to  muscular  spasm. 

The  obstruction  of  the  urethra  from  spasmodic  stricture  is  the  result 
of  contraction  of  the  muscular  fibers  of  the  canal,  the  accelerator  urinse, 
or  the  constrictor  muscles.  Not  uncommonly  it  arises  from  reflex  causes, 
such  as  a  contracted  meatus,  hyperesthesia,  inflammatory  lesions  of  the 
urethra,  or  diseases  of  the  rectum  or  neighboring  structures.  Muscular 
spasm  frequently  exists  as  a  complication,  especially  in  strictures  of  large 
caliber. 

An  organic  stricture  is  due  to  the  formation  of  a  cell  proliferation 
either  within  or  around  the  walls  of  the  canal,  gradually  becoming  con- 
verted into  a  fibrous  connective  tissue  that,  as  it  contracts,  narrows  the 
lumen  of  the  urethra  and  interferes  with  its  dilatability.  The  submucous 
tissue  is  the  structure  most  commonly  involved.  After  a  fibrous  stricture 
has  once  formed,  the  urethra  can  never  again  be  restored  to  its  normal 
condition.  In  spite  of  dilatation  or  incision  of  the  coarctation  a  certain 
amount  of  rigidity  remains,  which  frequently  increases  with  age,  thus  ex- 
plaining the  difficulty  often  experienced  in  attempting  to  dilate  a  stric- 
ture in  elderly  men. 

Organic  stricture  is  the  result  either  of  inflammation  or  of  traumatism. 
Urethral  chancre,  tuberculous  ulcers,  and  neoplasms  are  sometimes  re- 
sponsible for  the  contraction.  Most  cases,  however,  occur  as  sequels  of 
gonorrhea.  It  may  be  single  or  multiple,  the  latter  not  being  so  common 
as  is  generally  believed.  I  have  found  almost  the  entire  anterior  urethra 
from  the  meatus  down  to  the  bulb  contracted  in  several  instances. 

Organic  strictures  are  most  common  between  the  ages  of  twenty  and 
fifty  years.  A  stricture  may  involve  any  portion  of  the  urethra,  but  shows 
a  predilection  for  the  region  adjacent  to  the  bulbomembranous  junction. 

A  stricture  of  the  membranous  urethra  is  nearly  always  traumatic  in 
origin.  A  coarctation  of  the  prostatic  portion  is  so  rare  as  to  possess  but 
little  clinical  significance.  It  has  been  obser\'ed  as  a  complication  of 
fracture  of  the  pelvic  bones. 

Varieties. — The  form  known  as  a  bridle  stricture  is  a  mere  mem- 
branous band,  stretching  across  the  urethra  and  narrowing  its  caliber. 
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An  annular  stricture  encircles  the  canal,  narrowing  its  lumen,  just  as  if  a 
thread  had  been  tied  about  the  part.  In  an  indurated  or  nodular  stricture 
a  thick,  hard  mass  can  be  felt  embedded  in  the  corpus  -spongiosum,  at  the 
site  of  contraction.  This  form  of  obstruction  is  always  indicative  of  a  pre- 
viously existing  gonorrheal  infection.  When  the  periurethral  cell  infil- 
tration is  of  recent  origin,  organization  not  yet  having  taken  place,  the 
condition  is  known  as  a  recenX  or  soft  stricture.  An  irritable  stricture  is  one 
in  which  pain,  hemorrhage,  and  urethral  fever  follow  the  insertion  of  an 
instrument,  in  spite  of  antiseptic  precautions  and  care.  A  stricture  that 
contracts  rapidly  even  after  full  dilatation  or  urethrotomy  is  known  as 
a  resilient  or  recurring  stricture.  It  occasionally  results  from  gonorrheal 
infection,  but  more  frequently  follows  traumatism.  A  permeable  stric- 
ture is  one  in  which  an  instrument  may  be  successfully  passed  through 
the  obstruction,  differing  in  this  respect  from  an  impermeable  stricture, 
•  Complete  occlusion  of  the  urethra  is  extremely  rare.  I  have  en- 
countered it  only  in  a  few  instances,  in  which  it  occurred  in  conjunction 
with  traumatic  strictures.  In  these  cases  the  urethra  was  completely 
obstructed  by  a  fibrous  exudate,  the  urine  being  passed  through  a  fistulous 
opening  behind  the  obstruction. 

A  stricture  that  is  hard,  dense,  and  fibrous,  occasionally  being  even 
cartilaginous,  is  known  as  a  cicatricial  stricture.  Traumatic  strictures 
are  usually  of  this  variety.  When  the  opening  through  the  stricture  is 
directly  in  the  center  of  the  coarctation,  the  condition  is  known  as  a 
centric  stricture.  As  a  rule,  however,  the  aperture  is  "  eccentric,"  being 
situated  near  the  floor,  the  roof,  or  to  one  side  of  the  median  line  of  the 
urethra.  Finally,  strictures  are  classified  as  those  either  of  large  or  of 
small  caliher.  As  a  rule,  a  stricture  having  a  caliber  smaller  than  No.  5 
of  the  French  scale  is  regarded  as  of  "  small  caliber." 

The  time  necessary  for  the  development  of  strictures  varies  according 
to  the  exciting  cause.  Those  of  gonorrheal  origin  develop  very  slowly, 
months,  or  even  years,  passing  before  obstruction  occurs.  In  rare  cases 
strictures  will  develop  within  a  year  after  a  specific  urethritis.  When 
due  to  traumatism,  the  contraction  begins  to  take  place  as  soon  as  the 
wound  has  healed. 

Pathology. — In  long-standing  cases  of  subacute  urethritis  it  is 
not  unusual  to  find  an  extensive  periurethral  cell  infiltration,  which 
becomes  only  partially  organized,  causing  but  a  slight  contraction  of  the 
lumen  of  the  canal,  but  interfering  materially  with  its  dilatability,  giving 
rise  to  congestion  of  the  blood-vessels  in  the  affected  area.  As  this  form 
of  cellular  exudate  seldom  becomes  converted  into  a  fibrous  connective 
tissue,  the  development  of  an  organic  stricture  under  these  conditions  is 
the  exception,  rather  than  the  rule,  the  plastic  lymph  being  readily  ab- 
sorbed as  the  result  of  judicious  urethral  dilatation.  When  a  new  cell 
development  infiltrates  a  localized  portion  of  the  urethral  walls,  it  may 
undergo  organization  and  become  converted  into  scar  tissue.  This  change 
is  a  very  gradual  one,  a  long  period  of  time  elapsing  before  characteristic 
symptoms  arise.  A  stricture  of  this  type  is  usually  one  of  "  large  cali- 
ber."   It  is  obvious  that  all  strictures  must  be  of  large  caliber  at  the 
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onset,  and  may  remain  unchanged  for  years,  often  producing  but  slight 
symptoms.  Not  infrequently,  however,  reflex  disturbances  occur,  such  as 
irritable  bladder,  hyperesthesia  of  the  urethra,  nocturnal  seminal  emissions, 
and  atonic  impotence,  or  an  intractable  form  of  urethral  catarrh  may 
occur.  On  the  other  hand,  a  stricture  of  large  caliber  may,  after  a  short 
time,  become  so  much  contracted  as  scarcely  to  permit  a  filiform  bougie 
to  be  passed  through  the  opening. 

Many  writers,  notably  Guyon  and  Finger,  believe  that  chronic  gon- 
orrhea is  the  cause  of  organic  stricture.  This  is  by  no  means  the  etiologic 
factor  in  ever}'  case,  since  cases  of  long-standing  chronic  urethritis  are 
not  infrequently  seen  in  which  stricture  is  absent.  More  or  less  chronic 
urethritis  is  always  associated  with  a  stricture  of  either  large  or  small 
caliber,  the  inflammatory  process  caused  by  the  obstruction  of  the  urethra 
subsiding  as  soon  as  the  constriction  is  relieved.  Harrison  believes 
that  ulcerations  and  erosions  of  the  mucous  membrane  of  the  urethras 
the  result  of  a  chronic  gonorrhea  permit  a  small  quantity  of  urine  slowly 
to  permeate  and  infiltrate  the  submucous  structure,  producing  a  low 
grade  of  inflammation  at  the  point  at  which  the  leakage  occurs,  this  in 
turn  giving  rise  to  a  cell  proliferation  that  finally  becomes  organized  into 
a  connective  tissue,  and  results  in  the  formation  of  stricture.  This  view 
is  tenable  only  in  a  certain  proportion  of  such  cases,  as  it  is  not  uncommon 
to  see  either  erosions  or  ulcerations  of  the  mucous  membrane  that  have 
existed  for  a  long  period  of  time  and  that  were  not  accompanied  by  any 
evidence  of  coarctation.  The  theory  advocated  by  Casper  that  any 
cause,  microbic  or  otherwise,  that  is  capable  of  causing  a  urethritis,  in 
which  a  peri-urethral  cell  infiltration  takes  place,  is  likely  to  be  followed 
by  organic  stricture,  seems  to  be  founded  on  the  most  rational  and  scien- 
tific basis.  The  morbid  inflammatory  changes  resulting  from  gonorrhea 
are  more  likely  to  invade  the  deeper  structures  and  affect  a  wider  area 
than  those  resulting  from  the  simpler  forms  of  urethritis,  in  which  only 
the  superficial  layers  of  the  urethra  are  likely  to  be  involved.  It  is  for  this 
reason  that  a  stricture  is  so  frequently  associated  with  a  chronic  gonor- 
rheal urethritis. 

As  a  result  of  urethritis,  the  pathologic  changes  that  take  place  either 
in  or  around  the  walls  of  the  urethra  are  precisely  similar  to  those  ob- 
served in  any  other  structure  of  the  body  as  the  result  of  an  inflammatory 
process. 

The  central  portion  of  a  stricture  consists  of  a  dense  fibrous  tissue, 
whereas  the  margins  are  not  so  highly  organized,  and  are  frequently 
much  softer  and  more  pliable,  and  associated  with  a  dilatation  of  the 
blood-vessels  giving  rise  to  congestion  and  a  localized  chronic  urethritis. 
The  affected  area  is  occasionally  the  seat  of  superficial  erosions,  ulcerations, 
or  papillary  growths,  which  are  likely  to  bleed  freely  when  instrumen- 
tation is  attempted.  The  mucous  membrane  in  the  region  of  a  stricture 
becomes  hard  and  thickened.  The  superficial  layer  of  the  epithelial  cells 
undergoes  necrosis,  and  on  exfoliating  appears  in  the  urine  as  character- 
istic threads  of  various  sizes  and  shapes.  The  glands  of  Littr6  may  be 
either  partially  or  completely  destroyed  by  the  inflammatory  process. 
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When  an  extensive  portion  of  the  corpora  cavernosa  is  involved  in  the 
tissue  changes  the  result  of  inflammation,  the  penile  urethra  is  felt  as  a 
hard,  rigid  tube,  and  the  urethra  in  such  cases  is  obstructed  from  the 
meatus  to  the  bulb.  Should  the  newly  formed  connective  tissue  invade 
the  mucous  membrane,  it  may  give  rise  to  a  septum — the  so-called  "  bridle 
stricture" — or  to  the  formation  of  a  fold  of  tissue  that  acts  Uke  a  valve. 
In  cases  of  ordinary  stricture  but  few  pathologic  changes  beyond  those 
that  take  place  in  the  urethral  mucous  membrane  will  be  observed. 
Occasionally,  when  the  obstruction  has  persisted  for  years,  the  wall  of 
the  urethra,  as  the  result  of  an  atrophy  of  its  tissues,  becomes  thin.  A 
dilatation  or  a  pouch  may  form,  both  in  front  of  and  behind  the  coarctation. 
The  posterior  dilatation  permits  decomposed  urine  to  accumulate,  result- 
ing in  a  low  grade  of  urethritis,  attended  by  the  formation  of  erosions 
and  ulcerations  which  permit  a  small  quantity  of  urine  to  leak  into  the 
periurethral  stricture,  giving  rise  to  abscesses  that,  when  evacuated,  re- 
sult in  the  formation  of  perineal  or  scrotal  urethral  fistula.  The  dilatation 
of  the  urethra  anterior  to  the  stricture  is  caused  by  a  gradual  atrophy  and 
absorption  of  the  portion  of  the  stricture  that  is  not  exposed  to  the  con- 
stant irritative  effect  of  the  decomposed  urine.  The  mucous  membrane 
in  such  cases  is  of  a  pale,  dirty-white  color,  and  does  not  present  the  ap- 
pearance of  a  chronic  urethritis.  Should  an  obstruction  to  the  urethra 
caused  by  stricture  be  permitted  to  remain  unrelieved,  certain  secondary 
pathologic  changes  may  gradually  take  place  in  the  urethra,  bladder, 
ureters,  and  kidneys,  which  may  in  turn  be  followed  by  a  h)rpertrophy 
of  the  muscular  structures  of  the  heart,  ureters  and  bladder.  In  elderly 
subjects  the  latter  condition  sometimes  undergoes  a  fatty  degeneration, 
rendering  surgical  procedures  dangerous. 

Complications. — Fenwick  has  observed  that  a  stricture  of  small 
caliber  is  always  associated  with  retention  of  more  or  less  residual  urine. 
In  the  majority  of  cases  the  amount  w^ill  vary  from  three  to  five  ounces. 
When  ten  ounces  are  retained,  extensive  changes  in  the  ureters  and  kid- 
neys are  usually  present,  and  internal  urethrotomy,  in  such  cases,  is  gen- 
erally attended  by  a  large  mortality. 

In  neglected  cases,  the  bladder,  ureters,  and  kidneys  may  become 
involved.  Atony  of  the  bladder  may  result  from  sudden  retention  of 
urine  in  those  cases  in  which  the  urinary  obstruction  is  due  not  onjy  to  a 
stricture,  but  to  senile  hypertrophy  of  the  prostate  as  well.  In  the  latter 
condition  the  bladder  usually  remains  either  partially  or  completely 
paralyzed,  even  after  the  obstruction  has  been  removed.  By  far  the 
most  common  change  that  the  bladder  undergoes  is  a  hypertrophy  of  its 
walls  and  a  lessening  of  the  capacity  of  the  organ,  so  that  it  will  not  hold 
more  than  three  ounces  of  urine.  This  condition  is  known  as  a  "  compen- 
sating hypertrophy.''  Ridges  or  bars  made  up  of  thickened  mucous 
membrane  and  muscular  tissue  form ;  the  violent  spasmodic  contractions 
of  the  muscles  drive  the  mucous  membrane  down  between  these  partitions, 
giving  rise  to  the  formation  of  numerous  pouches  in  which  decomposed 
urine  accumulates,  greatly  aggravating  the  existing  c>'stitis  and  serving 
as  a  seat  for  the  formation  of  calculi.    The  ureters  may  become  inflamed, 
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thickened,  distorted,  and  sometimes  obstructed.  Hydronephrosis,  pye- 
lonephritis, and  multiple  abscesses  of  the  kidneys  are  late  complications. 

Symptoms. — The  subjective  symptoms  are:  change  in  the  character 
of  the  stream;  frequency  in  micturition;  dribbling  of  urine;  ardor  urinae; 
tenesmus;  retention  of  urine;  and,  in  some  cases,  a  chronic  urethral 
discharge.  The  urine  is  cloudy,  owing  to  the  presence  of  pus,  mucus, 
and  epithelial  shreds.  Sexual  irritability  and  atonic  impotence  may  be 
associated  with  a  stricture  of  large  caliber,  whereas  one  of  small  caliber, 
especially  if  situated  at  the  bulbomembranous  junction,  may  result  in 
aspermatism.  In  longnstanding  cases  in  which  the  bladder,  ureters, 
and  kidneys  are  diseased  and  urinary  changes  have  taken  place,  marked 
constitutional  symptoms  will  frequently  occur,  such  as  chronic  urinary 
fever,  septicemia,  or  uremia,  which  may  be  associated  with  a  polyuria  or 
a  suppression  of  urine. 

A  stricture  of  either  large  or  small  caliber  may  exist  for  a  consider- 
able length  of  time  without  giving  rise  to  any  characteristic  symptoms. 
Of  the  various  symptoms  previously  enumerated,  one  or  all  of  them  may 
be  present  in  the  same  patient.  In  most  cases  of  stricture  of  the  urethra 
the  history  will  disclose  the  fact  that  the  patient  had  previously  had  a 
chancre  or  chancroid,  an  injury  of  the  urethra,  or  frequent  attacks  of 
relapsing  chronic  urethritis. 

A  change  in  the  character  of  the  stream  is  by  no  means  a  constant 
symptom,  nor  does  its  existence  always  indicate  stricture  of  the  urethra, 
the  size,  shape,  or  a  malformation  of  the  meatus  being  at  times  respon- 
sible for  the  impeded  current.  In  some  cases  there  may  be  no  interfer- 
ence with  either  the  volimie  or  the  course  of  the  urinary  stream;  in  others 
the  stream  may  be  forked,  twisted,  spray-like,  or  diminished  in  volume. 

Increased  frequency  of  urination  is  usually  an  early  symptom,  and 
generally  develops  insidiously,  at  first  giving  rise  to  but  slight  discomfort, 
and  hence  attracting  but  little  attention.  Gradually  a  urethrocystitis 
develops,  and  the  frequent  desire  to  void  urine  becomes  very  annoying. 
At  first  the  increased  desire  to  urinate  occurs  only  by  day;  when,  however, 
atony  of  the  bladder  exists,  with  the  presence  of  residual  urine,  the  desire 
to  urinate  is  both  diurnal  and  nocturnal,  simulating  a  condition  associated 
with  urinary  obstruction  caused  by  hypertrophy  of  the  prostate. 

When  a  stricture  of  small  caUber,  with  atony  of  the  bladder,  remains 
unrelieved,  there  may  be  great  difficulty  and  delay  in  emptying  the  bladder, 
the  urine  being  voided  only  as  the  result  of  straining  and  bearing-down 
efforts.  It  flows  in  a  small  stream,  the  normal  parabolic  curve  being 
lost.  The  constant  straining  soon  causes  muscular  fatigue,  and  thus 
the  act  is  constantly  interrupted,  a  considerable  time  being  required  to 
empty  the  bladder.  The  patient  may  assume  the  sitting  posture  during 
urination,  utilizing  the  muscles  of  the  abdomen  and  perineum  in  his 
efforts  to  assist  the  weakened  bladder  to  expel  its  contents.  An  unrelieved 
obstruction  of  long  standing,  in  which  constant  straining  is  necessary 
to  empty  the  bladder,  is  prone  to  be  complicated  by  the  development 
of  hemorrhoids  and  anal  fissures,  which  greatly  augment  the  patient's 
Buffering. 
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Diminution  in  the  expulsive  power  of  the  bladder  is  a  late  symptom, 
and  may  be  attended  by  either  an  atony  of  the  bladder,  associated  with 
the  accimiulation  of  residual  urine,  or  a  hypertrophy  of  the  muscular 
waUs  of  the  viscus  and  a  diminished  capacity.  An  early,  and  frequently 
an  annoying,  symptom  is  the  leakage  of  a  few  drops  of  urine  after  the 
act  of  urination  is  believed  to  have  been  completed. 

In  long-standing  cases  the  urethra  behind  the  stricture  becomes  di- 
lated and  forms  a  funnel-shaped  pocket;  the  urine  contained  in  this  pouch 
is  not  expelled  during  micturition,  and  slowly  percolates  through  the 
narrow  opening  in  the  coarctation  until  the  reservoir  is  emptied.  Another 
late  symptom  of  stricture  is  incontinence  of  urine,  a  condition  always 
associated  with  atony  of  the  bladder.  This  is,  in  reality,  a  form  of  retention, 
the  constant  dribbling  of  urine  being  the  "incontinence  of  retention." 

Ardor  urinse  is  not  observed  except  in  cases  that  are  complicated  by 
an  acute  attack  of  urethrocystitis.  It  is  a  transitory  symptom,  subsiding 
as  soon  as  the  inflammatory  manifestations  begin  to  abate,  but  recurring 
whenever  the  patient  is  exposed  to  cold,  unusual  fatigue,  or  alcoholic 
or  sexual  indulgence. 

Actual  pain  is  not,  as  a  rule,  present  in  stricture  unless  a  localized 
inflammatory  condition  also  exists;  it  is  not  unusual,  nevertheless,  for 
patients  to  complain  of  a  scalding,  burning  sensation  during  urination 
or  a  feeling  of  weight  or  aching  in  the  testicles.  In  cases  of  tight  stricture 
of  the  deep  urethra  a  seminal  discharge  is  frequently  associated  with 
very  severe  burning  pain,  which  occasionally  is  of  a  lancinating  or  "  tear- 
ing" character.  Vesical  tenesmus  sometimes  occurs  in  conjunction  with 
cystitis.    It  may  be  mild  or  cause  intense  agony. 

Diagnosis. — This  may  be  made  from  what  Guyon  has  termed  the 
"  urethral  history"  of  the  case.  A  bacteriologic,  chemic,  and  microscopic 
examination  of  the  urine  will  demonstrate  the  variety  of  the  microbic  flora 
present,  and  will  also  reveal  the  presence  of  any  pathologic  condition  of 
the  bladder  or  kidneys.  By  direct  examination  of  the  urethra  the  loca- 
tion, caliber,  and  number  of  strictures  can  be  definitely  determined. 

Before  attempting  exploration  of  the  urethra  an  effort  should  be  made 
to  ascertain  the  normal  caliber  of  the  canal.  This  may  be  determined 
from  the  following  table: 

WHITES  SCALE. 
Circumference  of  Penis  3    inches.     Caliber  of  Urethra,  26  to  28  millimeters 
"       "     3i  inches.         "         "  "        29  to  30 

"       "     3i  inches.         "         "  "        30  to  32 

"       "     3}  inches.         "         "  "        32  to  34 

"       "     4    inches.         "         "  "        34  to  36 

The  instruments  required  for  determining  the  location  and  caliber 
of  a  stricture  are  a  conical  steel  bougie,  bulbous  bougies,  the  so-called 
bougie  k  boule,  an  Otis  urethrometer,  filiform  bougies,  Gouley's  tunneled 
catheter,  and  the  endoscope.  The  bulbous  bougies  may  be  made  of  steel 
or  vulcanized  india-rubber,  and  may  be  rigid  or  flexible.  The  former 
are  employed  for  exploring  the  anterior,  and  the  latter  the  posterior,  urethra 
in  strictures  of  large  caliber.  The  urethrometer  possesses  two  advantages : 
VOL.  IV — 35 
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it  permits  the  location  of  strictures  of  large  caliber  in  the  anterior  urethra 
to  be  determined  with  the  insertion  of  only  one  instrument;  whereas  if  a 
bougie  k  boule  is  employed,  it  is  necessary  to  introduce,  remove,  and  re- 
introduce several  instruments  before  the  required  information  is  obtained; 
moreover,  in  order  to  insert  the  bulbous  bougies  of  different  sizes, 
it  may  be  necessary  to  enlarge  the  meatus,  a  step  that  is  not  required  if 
the  urethrometer  is  employed. 

A  stricture  of  small  caliber  may  readily  be  diagnosed  by  introducing 
a  conical  steel  bougie  (No.  16  French)  into  the  urethra  until  its  progress 
is  arrested  by  contact  with  the  coarctation.  The  portion  of  the  shaft 
that  protrudes  from  the  urethra  is  grasped  firmly  between  the  index- 
finger  and  thumb,  and  the  instrument  withdrawn,  a  measurement  being 
made  from  the  point  on  the  staff  that  was  grasped  by  the  fingers  down  to 
the  beak  of  the  instrument;  this  gives  the  distance  of  the  obstruction 
from  the  meatus. 

To  determine  the  caliber  of  tight  strictures,  if  a  No.  16  bougie  fails  to 
pass  through  the  constriction,  an  attempt  should  be  made  to  insert  one 
15  mm.  in  thickness;  should  this  also  fail  to  pass,  the  next  size  smaller 
should  be  tried,  and  so  on,  each  unsuccessful  attempt  being  followed  by 
the  insertion  of  an  instrument  one  size  smaller  than  its  predecessor,  until 
one  is  finally  found  that  will  comfortably  pass  the  obstruction  and  thus 
give  the  desired  information.  If  either  a  metal  or  a  rubber  bougie  can 
be  passed,  much  valuable  information  may  be  obtained  by  inserting  a 
filiform  and  threading  a  Gouley  tunneled  catheter  over  this;  this  will 
usually  indicate  that  the  obstruction  has  become  contracted  to  the  caliber 
of  the  filiform,  and  can  probably  be  relieved  by  gradual  dilatation.  The 
flexible  whip  bougie  with  metal  shaft  attachment  designed  by  Fought 
can  also  be  employed  in  a  similar  manner. 

If  it  is  found  impossible  to  pass  any  instrument,  a  urethroscope  should 
be  gently  introduced  into  the  urethra  as  far  as  the  seat  of  obstruction, 
when  the  surgeon  may  be  able  to  see  the  orifice  through  the  stricture, 
and  thus,  by  the  aid  of  direct  vision,  guide  the  filiform  through  the  con- 
stricted portion. 

For  locating  the  seat  of  strictures  of  large  caliber  the  Otis  urethrometer 
or  the  metal  or  flexible  bulbous  bougies  may  be  employed. 

In  the  hands  of  the  inexperienced,  the  urethrometer  or  bulbous  bougie 
is  a  very  unreliable  instrument,  being  apt  to  lead  to  the  formation  of 
erroneous  conclusions.  The  passage  of  a  conical  steel  bougie  is  accom- 
plished with  the  production  of  far  less  pain  and  irritation  than  accompany 
the  insertion  of  the  bulbous  instrument.  It  must  be  remembered  that 
the  urethra  does  not  possess  a  uniform  caliber  throughout,  but  is  made 
up  of  a  series  of  physiologic  constrictions  and  dilatations  and  fixed  and 
movable  curves.  The  differentiation  of  a  spasmodic  from  an  organic 
stricture  may  give  rise  to  perplexity  at  four  points  along  the  course  of 
the  urethra.  These  are,  mentioned  from  before  backward:  just  behind 
the  meatus;  at  a  depth  of  about  four  inches  from  the  urinary  outlet;  at 
the  bulbomembranous  junction,  and,  finally,  at  the  junction  of  the  mem- 
branous and  prostatic  urethra. 
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A  bulbous  bougie,  a  size  or  two  larger  than  the  lumen  of  the  meatus, 
will  easily  dilate  the  normal  constriction  of  the  orifice  and  permit  its  in- 
sertion into  the  canal;  when  the  attempt  is  made  to  withdraw  the 
instrument,  the  shoulder  of  the  bulb  will  be  caught  at  the  constricted  out- 
let and  impart  a  sensation  to  the  hand  of  the  observer  similar  to  that 
produced  by  a  stricture,  although  in  reality  no  pathologic  condition 
exists.  The  beak  of  the  instrument  descends  into  the  canal  to  a  depth 
of  about  four  inches,  when,  particularly  if  it  is  passed  by  a  nervous,  un- 
certain, unsteady  hand,  the  accelerator  urinae  muscles  will  be  thrown  into 
spasm,  causing  a  temporary  spasmodic  stricture  that  is  frequently  mis- 
taken for  an  organic  one.  Just  as  the  instrument  leaves  the  bulb  to  pass 
into  the  membranous  urethra  it  encounters  the  compressor  urethrsB 
muscles,  which  are  frequently  extremely  irritable  and  easily  excited  re- 
flexly,  so  that  they  contract  firmly  and  prevent  the  instrument  from 
passing,  making  a  differential  diagnosis  between  the  organic  and  the 
spasmodic  form  of  stricture  in  this  situation  difficult.  In  most  cases  of 
spasmodic  stricture,  if  the  end  of  the  bougie  is  held  firmly  but  gently 
against  the  site  of  obstruction  for  a  minute,  the  spasm  will  gradually 
relax,  allowing  the  instrument  to  be  passed  onward  toward  the  bladder. 
In  some  instances  the  spasm  will  persist  and  the  condition  be  mistaken  for 
a  filiform  stricture;  in  these  cases  it  will  not  rarely  be  found  that  a  subse- 
quent attempt  to  insert  a  bougie  will  be  successful,  the  instrument  glid- 
ing along  the  entire  course  of  the  canal  without  meeting  any  obstruction. 
Finally,  as  the  bulb  of  the  bougie  passes  from  the  fixed  curved  of  the 
membranous  to  that  of  the  prostatic  urethra,  it  may  become  arrested  by 
coming  in  contact  with  the  posterior  leaflet  of  the  triangular  ligament, 
which  surrounds  this  portion  of  the  canal. 

As  the  result  of  chronic  gonorrhea,  induration,  and  thickening  about 
the  bulb,  a  stricture  of  large  caliber  is  very  frequently  encountered. 
The  method  of  introducing  the  flexible  bougie  k  boule  into  the  urethra 
is  the  same  as  that  employed  in  introducing  any  other  form  of  rubber 
instrument.  When  an  atresia  of  the  meatus  exists,  a  preliminary  meat- 
otomy  should  be  performed.  The  size  of  instrument  to  be  used  for  ex- 
ploration is  determined  by  referring  to  the  table  on  p.  545,  giving  the  rela- 
tion between  the  circumference  of  the  middle  of  the  body  of  the  flaccid 
penis  and  the  caliber  of  the  urethra.  The  instrument  is  passed  along 
the  urethra  until  the  bladder  is  reached ;  if,  on  withdrawing  the  instrument, 
an  obstruction  is  encountered,  the  point  on  the  shaft  on  a  level  with  the 
meatus  is  marked  off,  and  the  measured  distance  from  this  fixed  point 
down  to  the  bulb  of  the  instrument  will  indicate  the  site  of  the  obstruction. 
The  caliber  of  the  urethra  is  determined  by  inserting  different  sized  bul- 
bous bougies  until  one  is  found  that  will  readily  pass  the  obstruction 
without  being  caught.  Its  size  is  determined  by  measuring  it  on  a  scale 
for  urethral  instruments  constructed  for  this  purpose.  Care  must  be  ob- 
served not  to  confound  the  obstruction  due  to  urethral  spasm  caused  by 
irritation  or  pain  with  that  due  to  organic  stricture. 

At  a  first  examination  it  is  sometimes  impossible  to  differentiate 
between  a  urethral  obstruction  due  to  spasm  and  one  caused  by  an  organic 
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stricture.  Either  condition  may  exist  independently  of  the  other,  al- 
though it  is  not  uncommon,  especially  in  strictures  of  small  caliber,  to 
find  spasm  present  as  a  complication.  When  this  condition  pertains 
and  repeated  efforts  to  insert  the  various  forms  of  dilators,  rubber  in- 
struments, or  filiform  bougies  have  been  unsuccessful,  it  may  be  found 
possible  to  pass  a  conical  steel  bougie  that  comfortably  fills  the  meatus. 

When,  in  cases  of  organic  stricture  complicated  by  spasm,  it  has 
been  found  impossible,  after  a  fair  trial,  to  pass  any  of  the  various  forms 
of  urethral  instruments,  the  wisest  plan  is  to  desist  from  further  attempts 
at  urethral  instrumentation  for  at  least  forty-eight  hours,  except  in 
emergency  cases;  in  the  latter  the  surgeon  should  perform  the  necessary 
operation  required  for  relief  at  once.  During  the  interval  between  the 
examinations  the  patient  should  be  freely  purged,  and  a  mixture  of  bella- 
donna, sodium  bromid,  and  potassium  citrate  administered.  Before  ure- 
thral instrumentation  is  again  attempted  a  dram  of  a  2  per  cent,  cocain 
solution  should  be  injected  into  the  urethra  and  retained  for  ten  minutes; 
the  canal  should  then  be  gently  irrigated  with  a  warm  solution  of  boric 
acid,  followed  by  an  injection  consisting  of  a  teaspoonf ul  of  a  10  per  cent, 
emulsion  of  iodoform  suspended  in  glycerin;  after  this  treatment  it  will 
usually  be  found  that  all  symptoms  of  spasm  have  disappeared.  The 
same  result  can  sometimes  be  attained  by  nitrous  oxid  gas  or  the  first 
stage  of  ether  anesthesia. 

Treatment  of  Organic  Stricture.— After  the  diagnosis  has  been 
made  and  the  caliber,  resiliency,  and  irritability  of  the  stricture  have 
been  determined  and  their  number  ascertained,  the  condition  of  the  heart, 
kidneys,  and  bladder  should  be  learned  by  making  a  clinical,  bacterio- 
logic,  and  microscopic  examination  of  the  urine. 

Before  any  serious  operation  upon  the  urethra  is  performed,  the  quan- 
tity of  urine  secreted  in  twenty-four  hours,  as  well  as  the  amount  of  urea 
it  contains,  should  be  definitely  ascertained.  If  the  quantitj'  eliminated 
is  below  the  normal  average  and  the  urea  is  less  than  1  per  cent.,  no  oper- 
ative procedure  upon  the  urethra  should  be  undertaken,  except  in  emer- 
gency cases. 

General  Considerations. — Urethral  instrumentation  should  always 
be  performed  with  the  patient  in  the  recumbent  posture,  with  the  shoul- 
ders slightly  raised.  The  operator  stands  on  the  left  of  the  patient  and 
inserts  bougies  or  catheters  by  grasping  the  penis,  behind  the  corona, 
with  the  middle  and  ring  fingers  of  the  left  hand;  this  permits  the  index- 
finger  and  thumb  to  be  utilized  in  retracting  the  prepuce  and  separating 
the  lips  of  the  meatus.  The  beak  of  the  instrument  is  inserted  into  the 
urethral  orifice,  the  shaft  resting  on  the  patient's  left  groin.  The  glans 
penis  is  next  gently  drawn  upon  the  instrument,  the  beak  being  kept  in 
contact  with  the  floor  of  the  urethra  in  order  to  prevent  its  being  caught 
in  the  lacunae  magnae.  After  this  point  has  been  passed  the  handle  of  the 
instrument  is  brought  to  the  middle  line  of  the  body  and  slowly  pushed 
into  the  urethra,  the  handle  being  raised  at  the  same  time  until  it  is  per- 
pendicular to  the  axis  of  the  body.  The  beak  of  the  instrument  is  now 
beneath  the  pubic  arch.    The  instrument  should  then  be  slightly  raised. 
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in  order  to  bring  the  point  of  the  bougie  in  contact  with  the  roof  of  the 
urethra,  so  as  to  prevent  its  being  arrested  by  the  bulbous  expansion  of 
the  canal. 

The  instrument  is  now  very  gently  made  to  slide  onward,  the  end  of  the 
sound  passing  along  the  membranous  and  prostatic  urethra;  as  it  does  so 
the  handle  of  the  instrument  descends  until  it  reaches  a  point  between 
the  patient's  thighs.  When  a  false  passage  is  made,  this  is  evidenced  by 
the  sensation  immediately  imparted  to  the  hand — as  if  the  end  of  the 
instrument  had  been  suddenly  grasped  and  tightly  held,  instead  of  being 
movable,  as  is  the  case  when  the  instrument  is  advancing  successfully 
through  the  obstruction.  There  is  always  more  or  less  hemorrhage,  and 
on  examination  it  will  be  found  that  the  beak  of  the  instrument  has  de- 
viated from  the  median  line  which  marks  the  course  of  the  urethra.  K 
the  deep  urethra  has  been  invaded,  this  can  be  determined  by  means 
of  a  digital  examination  of  the  rectum,  which  will  disclose  the  fact  that 
not  only  has  the  point  of  the  instrument  deviated  from  the  median  line, 
but  that  the  overlying  tissues,  whether  urethral  or  prostatic,  are  much 
thinner  than  they  would  be  if  the  instrument  had  not  been  deflected 
from  its  normal  course. 

It  is  essential  that  the  instruments,  the  urethra,  and  the  hands  of  the 
operator  should  be  sterile.  The  foreskin,  preputial  folds,  and  glans 
penis  should  be  thoroughly  washed  with  soap  and  water  and  then  with 
a  solution  of  mercury  bichlorid,  1  :  5000.  Unfortunately,  antiseptic 
solutions  cannot  be  employed  in  sufficient  strength  to  render  the  urethra 
sterile;  much,  however,  can  be  accomplished  by  irrigating  the  xu^thra 
with  a  solution  of  meicury  bichlorid  1 :  20,000;  this  should  be  employed 
only  in  operative  cases,  for  in  those  patients  who  catheterize  themselves, 
its  daily  use  would  tend  to  set  up  a  urethritis.  In  chronic  urethritis 
associated  with  stricture  potassiimi  permanganate  solution,  in  strengths 
ranging  from  1 :  5000  to  1 :  2000,  or  silver  nitrate  solution,  1 :  15,000,  is 
generally  employed.  When  frequent  instrumentation  is  necessary,  one 
of  the  most  satisfactory  cleansing  washes  is  a  warm  sterilized  solution 
of  boric  acid.  If  there  is  no  infection  of  the  urethra,  a  sterilized  normal 
salt  solution  may  be  employed. 

The  selection  of  the  proper  lubricant  is  a  very  important  feature  of 
the  treatment.  I  have  found  liquid  cosmolin  to  be  most  satisfactory. 
It  can  easily  be  rendered  sterile  by  placing  the  jar  containing  it  in  a 
sterilizer  for  a  few  minutes  before  use.  It  should  be  kept  in  a  wide- 
mouthed,  tightly  corked  jar. 

Beck  suggests  the  use  of  a  prophylactic  injection,  consisting  of  a  5  per 
cent,  emulsion  of  iodoform  in  glycerin,  before  attempting  instrumen- 
tation. 

All  instruments  should  be  passed  slowly  and  gently,  avoiding  force. 
If  instrumentation  gives  rise  to  severe  pain,  persistent  efforts  to  pass 
the  instruments  without  the  aid  of  an  anesthetic  result  in  more  harm 
than  good. 

As  soon  as  the  patient  has  convalesced  from  an  operation  for  stricture 
a  small  metal  bougie  that  will  pass  through  the  lu-ethra  without  causing 


550  SURGERY  OF  THE  PENIS  AND  URETHRA. 

pain  and  hemorrhage  should  be  inserted  at  least  twice  a  week.  Instru- 
ments of  gradually  increasing  size  are  to  be  inserted,  until  one  can  be 
readily  passed  that  corresponds  in  caliber  to  the  full  normal  dilatabil- 
ity  of  the  urethra.  When  this  point  is  reached,  the  patient  should  be 
instructed  in  the  use  of  the  bougie,  which  should  be  inserted  twice  a 
week  for  at  least  six  months,  after  which  it  may  be  employed  once  a  week 
for  about  three  months  longer.  If  the  urethra  is  then  found  to  be  smooth 
and  pliable,  and  no  evidence  of  the  coarctation  is  manifest,  its  use  may 
be  discontinued,  unless  there  is  reason  to  believe  that  a  recontraction  is 
taking  place,  when  the  instrimient  must  again  be  passed. 

In  young,  healthy  subjects,  beyond  attention  to  sexual  hygiene  and 
the  functions  of  the  kidneys  and  bowels  but  little  is  required.  In  elderly 
and  debilitated  men,  in  alcoholics,  in  drug  habitues,  or  in  the  presence  of 
a  diseased  heart,  kidneys,  or  bladder,  all  the  knowledge  and  skill  at  the 
command  of  the  physician  will  be  required. 

The  extent  to  which  a  stricture  should  be  dilated  before  treatment 
should  be  discontinued  is  an  important  factor.  As  the  normal  dilata- 
bility  of  the  urethra  varies  in  different  individuals,  no  fixed  standard  can 
be  used  as  a  guide.  Tlie  normal  dilatability  of  the  urethra  can  be  ap- 
proximately determined  by  ascertaining  the  circumference  of  the  middle 
of  the  flaccid  penis  and  comparing  it  with  the  scale  given  on  p.  545. 

To  determine  whether  or  not  a  stricture  is  cured,  the  treatment  should 
be  continued  until  the  urethra  has  been  stretched  to  at  least  one  number 
beyond  its  normal  dilatability.  For  example,  if  the  normal  cahber  of  a 
urethra  that  is  strictured  is  31  mm.,  the  dilatation  is  continued  until  a  No. 
32  bougie  can  be  easily  passed,  after  which,  if  the  introduction  of  a  No.  31 
bulbous  bougie  fails  to  detect  any  narrowing,  bands,  or  roughness,  and 
an  endoscopic  examination  shows  the  canal  to  be  in  good  condition,  local 
treatment  is  discontinued. 

Meatotomy  is  frequently  demanded  for  the  relief  of  a  mechanical 
impediment  to  micturition,  or  to  facilitate  the  insertion  of  large  instru- 
ments in  performing  urethral  or  vesical  operations.  The  object  to  be 
accomplished  in  performing  a  meatotomy  is  merely  to  enlarge  the  opening 
sufficiently  to  permit  the  insertion  of  a  urethral  or  a  vesical  instrument. 
When  the  orifice  is  too  much  contracted  to  permit  of  this,  a  very  slight 
incision,  not  extensive  enough  to  interfere  with  the  physiologic  function 
of  the  outlet,  will  frequently  permit  of  sufficient  dilatation  to  allow  the 
introduction  of  the  desired  instnmient.  It  is  a  good  rule,  when  perform- 
ing meatotomy,  to  make  the  opening  too  small  rather  than  too  large,  for 
if  the  outlet  has  been  made  unnecessarily  large,  an  annoying  deformity 
difficult  to  remedy  results. 

The  parts  are  sterilized  in  the  usual  manner.  A  pledget  of  cotton 
wrapped  on  an  applicator  is  moistened  with  a  4  per  cent,  solution  of  co- 
cain  and  inserted  a  distance  of  about  one  inch  into  the  urethra,  and  allowed 
to  remain  in  contact  with  the  mucous  membrane  for  five  minutes.  The 
penis  is  then  steadied  by  grasping  it  between  the  middle  and  ring  fingers 
of  the  left  hand,  leaving  the  thumb  and  index-finger  free  to  retract  the 
prepuce  and  separate  the  meatus.     A  curved  bistoury  is  now  inserted 
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into  the  urethra,  behind  the  constriction  of  the  meatus,  and  the  point 
made  to  protrude  at  the  skin  surface,  which,  when  the  instrument  is 
thrust  through  the  structure  and  the  overlying  tissue  cut  through,  will  give 
an  incision  of  the  desired  length.  The  cut  must  be  made  directly  in  the 
median  line.  The  opening  is  then  examined  by  means  of  a  conical  metal 
bougie  or  bougie  k  boule,  to  ascertain  if  the  orifice  is  of  sufficient  size  or  if 
further  bands  remain  to  be  severed.  If  the  latter  is  the  case,  this  may  be 
accomplished  by  means  of  an  incision  made  on  the  floor  of  the  urethra, 
employing  a  probe-pointed  tenotome  for  the  purpose.  Hemorrhage 
is  controlled  by  packing  the  upper  portion  of  the  urethra  with  a  small 
roll  of  absorbent  cotton,  wrap- 
ping the  organ  in  several  folds 
of  gauze,  and  firmly  applying  a 
narrow  finger  bandage,  the  knot 
of  which  is  so  arranged  that, 
when  tied,  it  compresses  the 
lips  of  the  meatus  and  thus  con- 
trols bleeding.  The  dressing  is 
not  disturbed  until  the  patient 
desires  to  micturate;  if  the 
hemorrhage  recurs,  he  should 
be  directed  to  reapply  the  com- 
press in  the  manner  described. 

Retention  Catheters. — 
WTien  a  catheter  or  filifonn 
bougie  must  be  retained  in 
the  urethra  for  a  considerable 
period  of  time,  the  following 
method  may  be  employed  to 
prevent  it  from  slipping  out  of 
the  canal.  The  instrument  is 
inserted  and  fixed  in  place  by 
means  of  a  piece  of  tape  so  tied 
that  the  knot  comes  on  the 
under  surface  of  the  penis;  the 
two  ends  of  the  tape  are  carried 
around  the  middle  of  the  body 
of  the  organ,  and  knotted  once 
more  on  the  dorsum;  the  ends 

are  then  carried  up  and  fastened  to  a  band  about  the  waist,  which  is  held 
in  position  by  means  of  perineal  straps  (see  Fig.  290). 

Anesthesia.-^I  believe  that  the  high  mortality  following  operations 
for  the  relief  of  chronic  urinary  obstruction  in  patients  advanced  in  years, 
with  damaged  kidneys,  diseased  heart,  atheromatous  degeneration  of  the 
cerebral  vessels,  and  a  history  of  one  or  more  attacks  of  apoplexy,  is  due  not 
so  much  to  the  operation  itself,  as  to  secondary-  shock,  uremia,  or  sup- 
pression, the  delayed  efTects  of  the  anesthesia. 

In  cases  of  stricture  within  the  first  inch  of  the  urethra  the  operation 


Fig.  290. — Ixtkrmittknt  Drainaoe,  CoNxiNuors* 

C'ATHtTERIHM. 


552  SURGERY  OF  THE  PENIS  AND  URETHRA. 

can  be  done  under  local  anesthesia,  one  dram  of  a  2  per  cent,  solution 
of  cocain  being  injected  into  the  urethra  and  retained  in  the  canal  for 
five  minutes. 

Operations  upon  the  deep  urethra  should  be  performed  under  general 
anesthesia.  If  the  kidneys  are  healthy,  ether  is  preferable,  but  if  they  are 
diseased,  chloroform  should  be  administered.  When  the  heart,  arteries, 
and  kidneys  are  diseased,  I  have  frequently  had  very  good  results 
from  spinal  anesthesia,  using  a  combination  of  morphin  and  scopolamin. 

In  elderly  and  debilitated  subjects  and  in  complicated  cases  the  par 
tient  should  be  instructed  to  drink  large  quantities  of  water  for  several 
days  preceding  the  operation.  The  operation  should  be  performed  as 
rapidly  as  possible,  and  every  precaution  observed  to  protect  the  patients 
from  cold  and  drafts.  On  being  returned  to  bed,  a  submammary  injection 
of  1000  c.c.  of  normal  salt  solution  should  be  given. 

When,  as  the  result  of  instrumentation,  a  false  passage  has  been 
made,  the  treatment  consists  in  rest  in  bed,  the  administration  of  genito- 
urinary antiseptics',  and  continuous  catheterism.  If  there  is  evidence 
of  extravasation  of  urine  or  the  formation  of  abscess,  the  tissues  should 
be  freely  drained  and  a  perineal  urethrotomy  performed. 

Operation  for  Stricture. 

Gradual  Dilatation. — This  is  the  method  of  choice  in  the  treat- 
ment of  the  large  majority  of  strictures,  being  readily  carried  out  and 
attended  with  comparatively  little  danger.  Theoretically,  it  is  a  perfect 
procedure,  but,  unfortunately,  it  is  not  applicable  to  every  case.  In  soft 
recent  strictures  the  number  of  permanent  cures  following  gradual  dila- 
tation compares  favorably  with  those  resulting  from  internal  urethrot- 
omy, and,  besides,  is  devoid  of  the  risk  attending  the  latter  operation. 
Gradual  dilatation  may  be  employed  for  years  with  every  advantage  to 
the  patient,  no  symptoms  of  obstruction  manifesting  themselves  and  no 
untoward  effects  arising  from  the  prolonged  use  of  the  bougie. 

Gradual  dilatation  is  indicated  in  all  cases  of  recent  dilalable  stricture 
in  any  portion  of  the  urethra,  and  in  those  cases  in  which  the  stricture  is 
not  resilient,  irritable,  or  nodular.  Firm  organized  bands  near  the  meatus 
or  in  the  pendulous  urethra  are  best  treated  by  means  of  internal  urethrot- 
omy, for  they  are  prone  to  be  resistant  and  rapidly  recontract  after 
dilatation. 

In  the  presence  of  diabetes,  advanced  disease  of  the  kidneys,  or  heart 
disease,  in  the  aged  or  debilitated,  gradual  dilatation  is  far  safer  than  any 
other  method  of  treatment.  When  chronic  urinary  fever  coexists  or 
fever  follows  urethral  instrumentation,  dilatation  should  not  be  at- 
tempted, external  urethrotomy  being  the  method  of  choice. 

The  instruments  required  are:  Assorted  sizes  of  conical  steel  bougies 
with  the  Thompson  curv^e,  ranging  from  No.  12  to  No.  35  of  the  French 
scale;  a  dozen  filiform  bougies;  Gouley^s  tunneled  catheters,  from  No.  8 
to  No.  16,  various  sized  Janet-Guyon  or  Le  Fort  dilators,  and  flexible 
bougies,  with  conical,  bulbous,  and  oval  tips. 

In  very  tight  strictures  success  will  depend  chiefly  on  the  use  of 
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properly  constructed  whalebone  filiform  bougies.  Those  usually  sold  are 
coarse,  stiff,  and  practically  worthless,  therefore  it  is  well  for  the  surgeon 
to  make  a  dozen  of  these  instruments  for  his  own  use.  Each  whalebone 
should  be  thirteen  inches  long,  and  the  diameter  of  its  shaft  should  be 
small  enough  to  permit  it  readily  to  slide  through  a  No.  2  bougie  of  the 
French  scale.  The  lower  two  and  three-quarter  inches  taper  until  it 
becomes  a'bsolutely  capillary  in  fineness,  terminating  in  an  olivary  tip. 

Strictures  of  Large  Caliber. — Both  the  urethra  and  the  instruments 
to  be  used  having  been  rendered  aseptic,  the  operator  inserts  a  conical 
steel  bougie,  one  or  two  sizes  smaller  than  the  diameter  of  the  coarctation, 
as  there  is  usually  associated  with  this  condition  more  or  less  hyperes- 
thesia of  the  urethra,  and  if  an  instrument  large  enough  to  fill  or  distend 
the  stricture  is  used,  severe  pain  is  induced,  which  will  cause  more  or 
less  spasm  and  interfere  with  the  progress  of  the  bougie.  The  structures 
surrounding  the  seat  of  obstruction  are  generally  congested,  chronically 
inflamed,  and  softened;  if  there  is  much  distention,  the  mucous  membrane 
is  easily  lacerated,  more  or  less  hemorrhage  results,  and  there  is  pain  after 
micturition.  Occasionally,  as  the  result  of  the  abrasion  or  laceration  of 
the  mucous  membrane,  urethral  fever  follows;  by  beginning  with  a 
bougie  smaller  in  diameter  than  the  caliber  of  the  stricture,  this  compli- 
cation is  frequently  avoided.  As  the  pain  of  insertion  diminishes  and  the 
amount  of  hemorrhage  following  lessens  or  ceases,  a  larger  instrument 
is  to  be  used.  It  should  be  introduced  more  frequently  than  every  third 
day;  at  first  it  should  be  immediately  withdrawn;  later  on,  when  the 
irritation  caused  by  its  insertion  disappears,  it  may  be  allowed  to  remain 
in  situ  for  from  five  to  ten  minutes,  if  its  presence  does  not  cause  dis- 
comfort. 

Filiform  Strictures. — ^The  successful  passage  of  a  filiform  bougie 
through  a  tight  stricture  is  dependent  on  the  use  of  properly  constructed 
instruments  and  on  an  accurate  knowledge  of  how  to  use  them.  There 
are  two  varieties  of  filiform  bougies  on  the  market — the  flexible  French 
instrument  and  the  old-fashioned  whalebone  bougie.  The  former  is 
an  excellent  instrument,  and  safer  than  the  latter  in  the  hands  of  those 
not  accustomed  to  urethral  instrumentation.  Unfortunately,  their 
flexibility  and  caliber  render  them  of  little  service  in  very  tight  tortuous 
strictures,  through  which  a  whalebone  filiform  can  be  passed  with 
comparative  ease.  Brinton  laid  down  a  cardinal  rule  in  these  cases: 
"  Never  attatk  with  a  filiform  a  stricture,  especially  a  tight  one,  after  the  use, 
on  the  same  day,  of  any  catheter,  bougie,  or  explorer.  The  filiform  should 
always  be  used  first,  as  any  other  instrument,  hard  or  soft,  especially 
if  of  larger  size,  is  apt  to  press  or  ram  the  aperture  of  the  stricture  or 
walls  together.  Its  opening  is  thus  distorted  and  rendered  difficult  of 
access;  the  stricture  becomes  for  some  time  impenneable  to  instrumenta- 
tion, although  passable  by  urine.'' 

The  urethra  is  first  examined,  and  the  location  and  caliber  of  the 
stricture  are  determined ;  the  patient  is  then  directed  to  remain  quiet,  take 
a  laxative,  and  five  grains  of  quinin,  together  with  one  ounce  of  whisky, 
one  hour  before  his  next  visit.    When  he  returns  he  is  preferably  placed 
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on  a  narrow  table,  with  the  shoulders  slightly  elevated;   the  parts  are 
sterilized  in  the  usual  manner.     Irrigation  of  the  urethra  should  not  be 
attempted,  as  it  is  likely  to  cause  spasm  and  thus  interfere  with  the  in- 
tended instrumentation.    One  dram  of  a  2  per  cent,  solution  of  cocain 
is  injected  into  the  urethra  and  retained  for  five  minutes,  at  the  end  of 
which  time  it  is  permitted  to  escape  and  a  half  dram  of  a  5  per  cent,  emul- 
sion of  iodoform  in  glycerin  is  injected;  this  serves  not  only  as  a  prophyl- 
actic measure  against   the  development  of  urethral  fever,  but  is  an 
excellent  lubricant  as  well.     The  penis  is  now  grasped  with  the  left  hand, 
behind  the  glans,  and  a  filiform  inserted  into  the  urethra  and  passed 
along  the  floor  of  the  canal  until  the  obstruction  is  encountered,  when 
its  progress  will  probably  be  arrested.     It  should  then  be  gentl}*  rotated 
between  the  thumb  and  finger;   no  effort  or  force  must  be  employed  to 
make  it  pass  onward,  but  another  filiform  should  be  passed  alongside 
of  the  first  one  and  the  same  gentle  manipulation  made.     If  this  fails  to 
find  the  aperture,  the  process  should  be  repeated  until  six  or  eight  whale- 
bones have  been  inserted;    then  each  one  in  turn  should  be  rotated 
slightly.     Should  the  effort  to  pass  the  instruments  prove  unavailing, 
it  is  wise  to  allow  the  patient  to  rest  for  a  moment,  leaving  the  filiforms 
in  situ.    Then,  manipulating  each  in  turn  again,  frequently  one  will  be 
found  that  will  traverse  the  contracted  portion  of  the  urethra  and  ent^r 
the  bladder.  When  the  operation  is  successful,  the  surgeon  will  be  surprised 
at  the  ease  with  which  the  instrument  is  passed  through  the  stricture  once 
the  aperture  is  found.     If  the  opening  cannot  be  detected,  two  or  three 
filiforms  should  be  withdrawn  and  then  reinserted,  working  on  the  other 
side  of  the  patient,  when  the  whalebone  will  often  enter  the  opening. 
Brinton  believes  that  the  "  hand  instinctively  works  toward  itself  and 
so  directs  the  fiUform.     Thus  it  happens  if  the  stricture  opening  is  eccen- 
tric, the  bougie  may  travel  away  rather  than  toward  the  opening  sought.*' 
If,  after  a  fair  effort,  the  instrument  fails  to  pass,  or  if  the  patient  becomes 
exhausted  or  restless  or  there  is  a  slight  but  steady  urethral  hemorrhage, 
all  attempts  at  instrumentation  should  be  discontinued   for  at   least 
twenty-four  hours.     In  the  case  of  hemorrhage  the  blood  may  clot  and 
form  a  sticky  mass  that  blocks  the  opening  of  the  stricture  and  renders 
instrumentation,  for  the  time,  impossible.     Gentle  manipulation,  carried 
out  in  the  manner  indicated,  will  eventually,  in  the  large  majority  of  c^ses, 
result  in  the  successful  passage  of  the  instrument,  after  which  an  effort 
should  be  made  to  pass  the  smallest  sized  Gouley  tunneled  catheter  over 
the  filiform,  which  latter  serves  as  a  guide;  if  this  succeeds,  the  instrument 
should  be  withdrawn  and  the  next  larger  size  introduced;  this  is  all  that 
should  be  attempted  at  the  first  treatment.     The  patient  should  then 
be  put  at  rest  for  twenty-four  hours,  and  two  days  later  the  filiform 
should  be  reinserted  and  a  larger-sized  tunneled  catheter  passed,  increas- 
ing the  size  as  the  pain,  irritation,  or  hemorrhage  caused  by  the  instru- 
mentation subsides.     Thus  the  stricture  is  gradually  dilated  until  about 
a  16  mm.  opening  is  mside,  after  which  the  dilatation  may  be  continued 
with  rubber  bougies  inserted  every  third  day  until  a  No.  24  can  be  passed, 
when  the  cure  may  be  completed  by  using  metal  instruments,  in  the 
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manner  described  under  the  treatment  of  strictures  of  large  caliber. 
It  will  often  be  found  that  a  filiform  stricture  will  resist  all  efforts  at  dila- 
tation until  its  caliber  has  been  brought  to  about  18  mm.,  after  which 
it  will  suddenly  yield,  making  further  instrumentation  easy.  If  the 
orifice  of  the  stricture  cannot  be  found  by  the  filiform,  instrumentation 
may  be  facilitated  by  introducing  the  endoscope  down  to  the  seat  of 
obstruction,  and  passing  the  filiform  by  means  of  direct  vision. 

When  efforts  to  pass  either  the  whalebone  or  the  whip  filiform  have 
been  unsuccessful,  but  it  is  found  that  the  point  of  the  instrument  has 
become  engaged  in  the  stricture,  a  simple  expedient  that  is  occasionally 
successful  is  to  leave  the  instnunent  in  the  grasp  of  the  coarctation, 
when,  on  making  another  attempt,  a  few  hours  later,  it  will  often  be 
found  that  the  bougie  can  readily  be  passed.  Dilatation  of  this  form  of 
stricture  is  readily  accomplished  if  the  caliber  is  such  that  the  smallest 
size  of  the  whip  bougie  or  the  dilators  of  either  Janet-Guyon  or  LeFort 
can  be  passed;  when  this  can  be  done,  by  screwing  on  the  follower  and 
passing  it  through  the  stricture,  then  withdrawing  it,  and  following  with 
bougies  two  or  three  numbers  larger,  the  coarctation  can  be  sufficiently 
dilated  to  permit  the  remainder  of  the  treatment  to  be  carried  out  with 
the  ordinary  metal  instruments. 

In  filiform  strictures  in  which  instrumentation  causes  constant  hem- 
orrhage, irritation,  frequency  of  urination,  or  prostatic  spasm,  gradual 
dilatation  should  not  be  attempted;  this  is  true  also  of  those  cases  in 
which  it  is  found  impossible  to  insert  the  filiform  bougie,  or  if  the  whale- 
bone guide  has  been  passed  and  a  tunneled  catheter  or  a  dilator  cannot 
be  successfully  passed  over  it  through  the  constriction. 

Continuous  Dilatation.— This  is  employed  for  the  relief  of  stric- 
tures of  filiform  caliber,  situated  in  the  bulbous  or  membranous  por- 
tion of  the  urethra.  It  is  applicable  in  two  conditions:  (1)  That  in 
which  a  stricture  of  small  caliber  is  situated  near  the  bulbomembranous 
junction  of  the  canal,  is  associated  with  retention  of  urine,  and  is  not 
amenable  to  gradual  dilatation;  (2)  that  in  which  the  caliber  of  the 
stricture  will  permit  only  a  filiform  to  be  passed,  the  patient  being,  however, 
able  to  micturate  with  sufficient  ease  to  permit  him  to  be  prepared  for 
a  radical  operation.  When  the  character  of  the  stricture  is  such  that 
only  a  whalebone  or  a  ''whip  bougie''  can  be  passed  through  the  con- 
tracted portion  of  the  canal,  the  instrument  should  be  allowed  to  remain 
in  the  urethra  for  from  three  to  four  days,  when  it  will  be  found  that  the 
dilating  and  relaxing  effect  of  the  continuous  dilatation  resulting  from 
the  presence  of  the  bougie  will  be  sufficient  in  most  cases  not  only 
to  facilitate,  but  to  permit,  the  passage  of  some  one  of  the  various 
forms  of  urethral  dilators,  such  as  the  Gouley  tunneled  catheter  or  the 
Janet-Guyon,  Le  Fort,  or  Thompson  instruments.  Continuous  dilatation 
used  in  conjunction  with  more  radical  measures  is  of  great  value,  so 
preparing  the  canal  that  the  stricture  can  afterward  be  treated  as  the 
surgeon  may  deem  most  expedient.  When  continuous  dilatation  is 
suspended,  further  treatment  by  gradual  dilatation  is  to  be  carried  out; 
if  this  is  found  to  be  impracticable,  modified  rapid  dilatation  is  the  next 
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choice  of  methods.  If  an  internal  urethrotomy  is  required  and  the  stric- 
ture must  be  divided  from  before  backward,  the  stretching  that  the  con- 
traction has  undergone  will  readily  permit  the  use  of  such  instruments 
as  the  urethrotome  of  Maisonneuve  or  of  Treevan.  Moreover,  should 
it  be  necessary  to  perform  a  perineal  urethrotomy  in  conjunction  with 
other  work  required  within  the  canal,  the  preceding  dilatation  of  the 
stricture  greatly  simplifies  this  procedure,  as  a  grooved  staff  can  readily 
be  introduced  and  the  membranous  urethra  opened  by  means  of  a  guide, 
in  place  of  the  more  diflScult  maneuver  of  attempting  this  operation 
without  one. 

Filiforms  should  be  passed  in  the  manner  already  described  when 
discussing  the  treatment  of  this  form  of  stricture  by  gradual  dilatation 
(p.  553).  After  the  instrument  is  inserted,  it  should  be  fastened  so  that 
it  cannot  slip  out  of  the  urethra,  the  urine  being  passed  either  in  drops 
or  in  a  smaU  stream  running  alongside  of  the  bougie.  When  the  case 
is  complicated  by  retention,  the  filiform  having  been  passed,  an  attempt 
should  be  made  to  thread  a  Gouley  tunneled  catheter  over  the  whalebone; 
this  is  passed  through  the  obstruction  and  the  urine  withdrawn,  after 
which  the  bladder  should  be  irrigated  with  a  sterilized  warm  boric-acid 
solution,  a  small  quantity  being  allowed  to  remain  in  the  viscus.  The 
catheter  should  then  be  withdrawn,  being  careful  to  leave  the  filiform  in 
place  in  the  urethra;  if  it  becomes  necessary,  in  the  course  of  a  few  hours, 
the  catheter  may  easily  be  replaced.  If  it  is  found  impossible  to  guide 
any  instrument  for  withdrawing  the  urine  along  the  filiform  and  the 
symptoms  of  retention  are  not  urgent,  the  whalebone  should  be  left  in 
the  urethra,  and  the  patient  given  a  hot  lemonade,  a  hot  bath,  ten  grains 
of  quinin  and  one-fourth  of  a  grain  of  morphin,  and  a  hot  flaxseed  poultice 
applied  over  the  lower  abdomen;  he  should  then  be  wrapped  in  blankets 
and  allowed  to  perspire  freely.  In  a  short  time  it  will  usually  be  found 
that  the  distended  bladder  will  gradually  be  emptied  by  constant  drib- 
bling of  the  urine  along  the  side  of  the  bougie,  and  an  attempt  to  pass  a 
tunneled  catheter  a  few  hours  later  will  usually  be  successful.  When 
the  symptoms  are  urgent,  the  bladder  having  been  distended  for  a  long  period 
of  time,  the  organ  should  be  aspirated  and  free  perspiration  induced.  If,  in 
the  course  of  a  few  hours,  the  urine  reacciunulates  in  the  bladder  and  cath- 
eterism  is  still  found  to  be  impossible,  a  perineal  urethrotomy  should  be 
performed  without  further  delay,  using  the  filiform  bougie  for  a  guide, 
and  the  staff  designed  for  this  purpose.  After  the  membranous  urethra 
has  been  opened  and  the  bladder  drained,  the  normal  caliber  of  the 
urethra  should  be  re-established  by  appropriate  measures  (p.  498)  and 
a  catheter  inserted. 

Modified  Rapid  Dilatation.— The  bulbomembranous  junction  is 
the  commonest  site  for  the  formation  of  annoying  filiform  strictures. 
For  the  relief  of  this  condition  the  operation  that  has  given  the  most 
satisfaction  in  my  hands  is  modified  rapid  dilatation.  Brinton  says 
that  the  success  of  the  operation  is  due  largely  to  "  the  intelligent  use 
of  rightly  constructed  capillary  whalebone  bougies,  which  possess  qualities 
not  to  be  found  in  the  gum  or  soft  instruments,  no  matter  how  minute"    The 
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proper  method  of  passing  a  tunneled  instrument  along  a  filiform  as  a  guide 
is  also  an  essential  feature  of  a  svccessfvl  operation;  and  it  is  the  want  of  a 
proper  understanding  of  the  technic  of  this  part  of  the  operation  that 
has  resulted  in  many  failures.  In  my  experience  a  deep  impermeable 
stricture  is  very  rarely  seen,  and  with  skill  and  patience  a  filiform  may 
usually  be  made  to  pass  through  almost  any  coarctation,  no  matter  how 
small  or  devious  its  course;  after  which  a  successful  termination  may  be 
brought  about  by  either  gradual  or  modified  rapid  dilatation.  Of  these, 
the  former  is  the  method  of  choice,  but  if  it  is  found  impossible  to  em- 
ploy this,  a  modified  rapid  dilatation  may  be  accomplished  with  the 
least  loss  of  time  and  a  minimum  amount  of  suffering  and  risk  to  life,  and 
with  as  permanent  and  satisfactory  results  as  can  be  obtained  by  any 
other  method.  In  800  cases  treated  by  this  method  failure  or  loss  of  Ufe 
did  not  follow  in  a  single  instance,  and  the  tendency  for  recontraction 
to  take  place  was  no  greater  than  in  those  cases  treated  by  cutting  oper- 
ations. Strictures  subjected  to  modified  rapid  dilatation  are  stretched 
and  not  lacerated,  as  is  shown  by  the  small  amount  of  hemorrhage  that 
attends  the  operation.  A  urethroscopic  examination  made  a  few  days 
later  will  disclose  the  fact  that  the  urethral  walls  are  smooth,  and  not 
ragged,  as  would  be  the  case  if  laceration  had  occurred.  The  opponents  of 
this  oi)eration  claim  that  the  method  cuts  and  lacerates  the  stricture, 
whereas  the  wound  made  by  a  urethrotome  is  a  clean  incision.  This  state- 
ment is  disproved  by  the  fact  that  by  a  modified  rapid  dilatation  the  stretch- 
ing is  done  gradually,  slowly,  and  gently;  the  strictured  tissues  give  way 
first,  and  the  traumatism  is  limited  to  the  constricting  bands;  on  the 
contrary,  the  incision  made  by  the  urethfotome  is  not  limited,  and  both 
diseased  and  healthy  tissues  are  severed,  resulting  often  in  alarming, 
and  in  some  instances  even  fatal,  hemorrhage,  with  the  attendant  in- 
creased danger  of  sepsis.  In  the  hands  of  skilful  urethrotomists  the 
mortality  has  been  placed  at  between  4  and  6  per  cent. ;  while  I  believe 
this  to  be  too  high,  nevertheless  it  cannot  compare  favorably  with  a 
method  that  accomplishes  the  same  results  with  practically  no  mortaUty. 

Modified  rapid  dilatation  is  applicable  to  the  treatment  of  strictures 
in  the  region  of  the  bulbous  and  membranous  portions  of  the  urethra 
which  are  not  resilient,  irritable,  or  nodular.  It  should  not  be  performed 
in  those  sufiFering  from  urinary  fistula,  abscess  of  the  prostate  or  perineum, 
or  in  those  cases  where  urethral  instrumentation  is  always  attended  by 
urethral  fever.  It  may  be  performed  primarily  to  facilitate  the  introduc- 
tion of  a  urethrotome  or  the  passage  of  a  grooved  staff,  so  that  a  required 
perineal  urethrotomy  may  be  performed  by  means  of  a  guide. 

Instruments  and  Preparations  for  Operation. — The  necessary  in- 
struments are  a  set  of  metallic  sounds;  filiform  bougies;  half  a  dozen 
Gouley  tunneled  catheters  of  assorted  sizes;  a  soft-rubber  and  two  flexible 
silk  catheters,  one  of  which  should  terminate  in  an  oval  tip  and  the  other 
in  a  "rat-tail"  extremity;  an  irrigating  bottle  large  enougji  to  hold  a  pint 
of  fluid;  a  glass  syringe  with  a  capacity  of  four  ounces;  a  wire  stilet  to 
render  the  soft-rubber  catheter  firm;  a  Thompson  and  a  Gross  dilator. 
The  Thompson  dilator  is  7  mm.  thick  at  its  beak  and  11  mm.  at  the  thickest 
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portion  of  its  shaft;  and  can  be  dilated  to  22  mm.  The  Gross  instru- 
ment is  14  mm.  thick  at  the  beak  and  18  mm.  at  the  upper  portion  of  the 
shaft,  and  when  the  blades  are  fully  separated,  will  dilate  to  36  mm. 
There  should  also  be  on  hand  six  ounces  of  a  5  per  cent,  emulsion  of  iodo- 
form in  glycerin;  a  mercury  bichlorid  solution,  1  :  1000;  a  quantity  of 
warm  sterilized  boric-acid  solution;  sterilized  gauze,  sponges,  and  tapes 
to  fasten  the  catheter  in  place  after  the  operation. 

Operation. — Four  days  before  the  operation  a  meatotomy,  if  nec- 
essary, should  be  performed,  after  which  a  filiform  bougie 
should  be  inserted  into  the  urethra  as  far  as  the  neck  of 
the  bladder,  and  fastened  so  that  it  will  not  slip  out;  the 
patient  should  then  be  put  to  bed.  The  instrument  makes 
continuous  dilatation,  the  urine  passing  alongside  of  the 


Flo.  291. — MoDxnED  Rapid  Dila- 
tation BY  Means  of  a  Fili- 
form Bougie  and  a  Thomp- 
son's Dilator. 

Red  line  represents  filiform 
bougie  passed  into  the  urethra 
through  the  stricture,  the  end  of 
which  is  curled  up  in  the  bladder. 


whalebone.  If,  at  the  end  of  the  third  day,  it  is  found  that  the  quantity 
of  urine  secreted  in  twenty-four  hours  is  normal  and  the  amount  of  urea 
is  not  below  1  per  cent.,  it  is  safe  to  proceed  with  the  operation. 

Some  hours  before  the  operation  a  rectal  enema  of  magnesium  sul- 
phate, glycerin,  soapsuds,  and  a  pint  of  warm  water  is  administered,  and 
one  hour  before  the  patient  comes  to  the  operating  table  he  is  given  a 
hypodermic  of  one-fourth  grain  of  morphin  and  one-twentieth  grain  of 
strychnin. 

After  administering  the  ether  the  anterior  urethra  is  gently  irrigated 
with  a  solution  of  mercury  bichlorid  1  :  1000,  and  two  drams  of  the  iodo- 
form emulsion  is  injected  into  the  urethra.  The  end  of  the  filiform  pro- 
truding from  the  urethra  is  now  threaded  through  the  tunnel  of  the 
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Thompson  dilator,  which  is  passed  very  gently  along  the  whalebone,  which 
acts  as  a  guide,  until  the  obstruction  is  reached.  The  dilator  should 
not  be  forcibly  thrust  onward,  but  its  progress  faciUtated  by  making 
slight  traction  on  the  filiform  and  at  the  same  time  gently  sliding  the 
instrument  downward  and  onward  until  its  further  advancement  is  ar- 
rested by  coming  in  contact  with  the  face  of  the  stricture,  when  ail  at- 
tempts to  push  or  slide  the  dilator  further  should  he  desisted  from.  If  this 
rule  is  not  observed,  there  is  always  danger  of  breaking  the  filiform,  es- 
pecially if  it  is  bent  by  passing  through  a  coarctation  with  an  eccentric 
aperture.  As  soon  as  the  beak  of  the  dilator  comes  in  contact  with  the 
stricture,  the  filiform  should  be  slightly  withdrawn  and  both  the  bougie 
and  the  dilator  grasped,  so  that  their  lengths  will  be  closely  approximated, 
and  then  moved  forward  together  by  the  same  motion  of  the  hand;  it 
will  then  be  found  that  the  dilator  will  be  guided  by  the  lower  extremity 
of  the  whalebone  and  will  readily  advance,  passing  through  the  constricted 
portion  of  the  canal  until  the  neck  of  the  bladder  is  reached,  as  the  handle 
of  the  instrument  is  made  slowly  to  descend  downward  between  the  thighs. 
If  the  instrument  has  passed  successfully  through  the  stricture,  it  will  be 
found  to  be  freely  movable,  and  urine  will  frequently  escape  alongside  of 
the  shaft.  It  now  remains  to  stretch  the  stricture,  which  is  accomplished 
by  dilating  it  in  three  different  portions — the  posterior,  middle,  and 
anterior — by  slowly  turning  the  thumb-screw  on  the  handle  of  the  in- 
strument. The  dilatation  should  be  performed  gradually,  by  alternately 
lessening  and  increasing  the  screw  power  until  the  desired  dilatation  is 
produced.  After  the  posterior  segment  of  the  coarctation  has  been  di- 
lated, the  tension  is  lessened  two  millimeters,  the  blades  are  slightly 
withdrawn,  and  the  middle  and  anterior  segments  of  the  stricture  are 
treated  in  the  same  manner,  so  that  the  entire  contracted  portion  of  the 
canal  has  been  dilated  up  to  the  full  capacity  of  the  Thompson  dilator. 
Both  the  filiform  and  the  dilator  are  now  withdrawn,  the  Gross  instru- 
ment inserted,  and  the  operation  proceeded  with  in  exactly  the  same  man- 
ner as  when  using  the  Thompson  dilator,  being  careful  to  see  that  the 
caliber  of  the  urethra  is  restored  to  its  full  normal  dilatability  before  the 
instrument  is  removed.  In  order  to  determine  that  the  stricture  has  been 
fully  dilated  and  that  future  instrumentation  will  be  rendered  easy,  a  full- 
sized  metallic  bougie  should  be  passed.  If  it  is  found  that  the  operation 
has  been  successful,  a  soft-rubber  catheter  should  be  passed  through  the 
urethra  and  fastened  in  place.  The  introduction  of  this  instrument  will 
be  facilitated  by  inserting  in  it  a  wire  stilet,  which  is  withdrawn  when  the 
neck  of  the  bladder  is  reached.  As  soon  as  the  urine  has  escaped,  the 
bladder  should  be  irrigated  with  a  boric-acid  solution  and  two  drams  of 
the  iodoform  emulsion  injected  into  the  organ.  The  catheter  should  not 
be  removed  until  the  fourth  day,  after  which  a  conical  steel  bougie  should 
be  passed  twice  a  week  after  the  manner  directed  when  considering  the 
treatment  of  such  conditions  by  gradual  dilatation  (p.  553).  As  a  rule, 
no  after-treatment  is  required  beyond  giving  attention  to  the  drainage 
and  the  bowels  and  performing  irrigation  of  the  bladder.  The  patient 
should  be  kept  on  a  light  diet  until  the  catheter  has  been  removed.     If 
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such  cases  are  examined  months  after  this  operation,  as  a  rule  no  evidence 
of  a  pre-existing  urethral  obstruction  can  be  found. 

Divulsion. — This  mode  of  treatment,  while  frequently  mechanically 
successful,  was  attended  with  so  many  complications  and  so  large  a  mor- 
tality that  it  has  become  obsolete. 

Internal  Urethrotomy. — ^This  operation  is  indicated  in  strictures 
of  either  large  or  small  caUber,  situated  in  any  portion  of  the  urethra 
from  the  meatus  down  to  the  bulbomembranous  junction,  which  are 
either  resilient  or  irritable,  and  are,  therefore,  unsuitable  for  treatment 
by  gradual  dilatation.  As  the  two  forms  of  stricture  just  mentioned  are 
of  rare  occurrence,  internal  urethrotomy  is  but  seldom  required.  To 
this  one  exception  may  be  noted:  strictures  within  the  first  one  and  one- 
half  inches  of  the  canal  are  better  treated  by  incision  than  by  dilatation, 
as  the  latter  causes  pain  and  is  likely  to  be  followed  by  inflammatory  re- 
action and  rapid  recontraction. 

It  is  still  a  moot  point  whether  a  stricture  should  be  incised  on  the 
floor  or  on  the  roof  of  the  canal.  A  stricture  of  large  caliber,  situated 
anywhere  from  the  meatus  to  the  bulb,  and  requiring  lu^throtomy,  should 
be  divided  on  the  floor  of  the  canal.  Strictures  of  small  caliber  are  incised 
on  the  roof  of  the  urethra,  with  the  exception  of  those  situated  at  the  bid- 
bomembranous  junction  or  in  the  membranous  portion  of  the  lu^thra, 
when  the  incision  is  preferably  made  in  the  inferior  wall  of  the  canal, 
thus  diminishing  the  danger  of  causing  a  severe  or  even  a  fatal  hemor- 
rhage as  the  result  of  wounding  of  the  dorsal  vein  or  the  plexus  of  San- 
torini,  an  accident  that  has  not  rarely  occurred  when  the  constriction 
was  divided  on  the  roof. 

Very  resilient  strictures,  especially  if  traumatic  in  origin,  belong  to  a 
class  in  which  internal  urethrotomy  or  any  other  method  of  treatment  is 
frequently  unsatisfactory.  In  such  cases  a  urethrotomy  may  have  to  be 
repeated  several  times  before  a  permanent  result  is  attained,  and  even 
then  recontraction  is  likely  to  take  place.  These  cases  require  constant 
care  and  repeated  dilatation  throughout  the  patient's  life. 

In  preparing  the  patient  for  any  of  the  various  forms  of  urethrotomy 
the  field  of  operation,  as  well  as  the  instruments,  should  be  rendered  sterile. 
As  soon  as  the  operation  is  completed  the  urethra  is  irrigated  with  a  hot 
steriUzed  normal  salt  solution,  which  is  usually  sufficient  to  control  the 
trifling  hemorrhage  that  results  from  the  incision.  If  the  hemorrhage 
following  division  of  stricture  within  the  first  two  inches  of  the  urethra  is 
profuse,  it  may  be  controlled  by  packing  the  urethra  with  a  roll  of  ab- 
sorbent cotton  that  has  been  moistened  with  a  1  :  1000  adrenalin  solution, 
and  making  compression  on  the  wound  in  the  urethra  by  applying  a 
narrow  bandage  to  the  organ.  In  the  course  of  a  few  hours  the  urethral 
compress  should  be  removed  and  a  soft-rubber  catheter  inserted  and 
fastened  in  place.  If  the  bleeding  is  due  to  division  of  a  stricture  situated 
further  back  in  the  penile  urethra,  one  dram  of  adrenaUn  solution  1  :  2000 
shoidd  be  injected  into  the  urethra  and  retained  in  the  canal  for  five 
minutes,  after  which  the  rubber  catheter  should  be  introduced  and  the 
penis  wrapped  in  gauze,  firm  pressure  being  made  upon  the  urethra  by 
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means  of  a  narrow  gauze  bandage.  When  the  blood  comes  from  the 
deep  urethra  and  cannot  be  controlled  by  the  catheter  and  pressure,  the 
flow  may  be  temporarily  checked  by  making  digital  compression  of  the 
perineum.  Another  method  of  arresting  hemorrhage  is  to  place  a  large 
compress  on  the  perineum,  put  the  arm-piece  of  a  crutch  on  the  compress, 
the  ferrule  being  braced  by  the  footboard  of  the  bed,  which  should  be 
elevated  so  that  direct  pressure  will  be  brought  to  bear  on  the  perineum. 
If  the  dorsal  vein  or  plexus  of  Santorini  has  been  wounded,  no  time  should 
be  lost,  but  an  incision  should  be  made  at  once  in  the  perineum  and  the 
bleeding  vessel  secured.  If  this  is  found  to  be  impracticable,  the  scrotum 
should  be  divided  in  the  median  line  and  the  testicles  separated  and 
pushed  one  on  each  side  of  the  incision,  thus  giving  access  to  the  urethra 
from  in  front  of  the  bulb  well  down  on  the  membranous  urethra.  The 
urethra  should  then  be  opened  on  the  floor,  and  the  bleeding  point  se- 
cured by  either  a  Ugature  or  a  purse-string  suture.  After  performing 
urethrotomy,  except  when  the  stricture  is  within  the  first  inch  of  the 
urethra,  continuous  drainage  should  be  maintained  by  means  of  the 
catheter  for  from  one  to  four  days,  the  length  of  time  depending  on  the 
character,  location,  extent  of  the  operation,  and  the  amount  of  hemorrhage 
that  followed  the  operation. 

The  after-treatment  of  these  cases  consists  in  curing  the  local  lesions 
causing  the  chronic  urethritis,  and  performing  continuous  dilatation  by 
inserting  a  full-sized  metal  bougie  twice  a  week  for  a  period  of  months. 

Internal  Urethrotomy  for  Strictures  of  Large  Caliber. — In  stric- 
tures of  this  description  the  incision  is  made  upon  the  floor  of  the  canal 
from  behind  forward.  When  the  operation  is  done  for  the  relief  of 
strictures  of  the  meatus  or  of  those  situated  in  the  navicular  portion 
of  the  urethra,  local  anesthesia  may  be  employed,  one  dram  of  a  2 
per  cent,  solution  of  cocain  being  injected  into  the  canal  and  allowed  to 
remain  for  five  minutes.  The  instruments  required  are  a  slightly 
curved,  blunt-pointed  tenotome,  bulbous  metal  bougies,  and  a  soft-rubber 
catheter. 

Operation. — The  knife  is  introduced  into  the  urethra  with  the  cutting- 
edge  turned  toward  the  floor  of  the  canal.  After  the  blade  has  been  passed 
behind  the  obstruction  for  about  one-fourth  of  an  inch  the  incision  is 
made  directly  in  the  median  line,  on  the  inferior  wall,  and  should  be  of 
sufficient  length  and  depth  to  divide  all  constricting  bands,  so  that,  after 
the  operation,  a  bougie  at  least  two  sizes  larger  than  the  normal  caliber  of 
the  patient's  urethra  can  be  readily  introduced.  This  is  done  to  allow 
for  a  certain  amount  of  recontraction  that  inevitably  occurs  after  the 
wound  has  healed.  The  meatus  must  be  enlarged,  if  necessarj'.  After 
the  operation  has  been  completed  and  the  passage  of  a  bulbous  bougie 
shows  that  the  canal  is  free  from  obstruction,  it  should  be  irrigated  with 
hot  normal  salt  solution  and  a  soft-rubber  catheter  inserted  and  allowed 
to  remain  in  situ  for  two  days. 

When  the  strictures  are  situated  in  the  penile  urethra,  specially  de- 
signed urethrotomes,  such  as  the  Gross  or  the  dilating  urethrotome  of 
Otis,  are  necessary  for  the  performance  of  urethrotomy.  In  operating 
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upon  strictures  of  large  caliber  with  these  instruments  the  incision  is 
made  upon  the  floor  of  the  canal  from  behind  forward. 

The  Gross  instrument  is  reserved  for  strictures  that  are  either  resilient 
or  irritable,  of  comparatively  recent  origin,  and  not  extensively  organized, 
or  where  the  constriction  assumes  the  form  of  a  band  or  a  bridle.  It 
can  be  employed  only  in  those  cases  in  which  the  coarctation  will  permit 
of  a  certain  amount  of  dilatation,  as  the  circumference  at  the  bulb  meas- 
ures 23  mm.  In  performing  internal  urethrotomy  with  the  aid  of  this 
instrument  anesthesia  may  be  induced  by  means  of  nitrous  oxid  gas. 
The  urethrotome  is  introduced  into  the  urethra  and  passed  gently  down 
until  the  obstruction  is  reached,  when  the  bulbous  extremity  is  insinuated 
through  the  contracted  portion  of  the  canal  and  carried  onward  until  it 
has  reached  a  point  at  least  one-half  inch  beyond  it.  By  means  of  the 
mechanism  of  the  handle  the  knife  is  made  to  protrude  from  its  sheath, 
and  the  incision  is  made  on  the  floor  of  the  urethra  by  pressing  the  blade 
firmly  against  the  urethral  tissue  and  drawing  it  forward  until  all  sense  of 
resistance  is  overcome,  thus  making  a  clean  incision  behind  and  then 
directly  through  the  constricted  portion  of  the  lu^thra,  to  about  the  same 
distance  in  front  of  the  obstruction.  The  urethra  is  now  irrigated  and 
the  soft-rubber  catheter  passed,  the  latter  being  removed  on  the  fourth 
day.  The  Otis  urethrotome  is  employed  in  operating  upon  strictures 
situated  in  the  anterior  urethra  that  are  resilient,  irritable,  nodular,  or 
fibrous,  well  organized,  and  that  involve  the  submucous  structure.  It  is 
also  used  to  complete  the  operation  in  strictures  of  small  caliber  in  which 
the  preliminary  incision  was  made  by  a  Maisonneuve  urethrotome.  As 
the  cahber  of  the  dilating  urethrotome  is  18  mm.,  the  stricture  must  have 
this  caUber  before  the  instrument  can  be  introduced;  in  such  cases,  there- 
fore, a  preliminary  dilatation  or  incision  of  the  obstruction  with  an  in- 
strument specially  designed  for  cutting  strictures  of  small  caliber  must 
first  be  made.  The  inventor  of  this  instrument  directed  that  after  its 
introduction  into  the  urethra  the  canal  should  be  overdistended  and  the 
knife-blade  drawn  through  the  constricted  portion  of  the  canal,  which 
thus  severed  deeply  not  only  the  fibrous  structure  that  composed  the 
coarctation,  but  healtliy  tissue  as  well.  This  technic  resulted,  in  many 
instances,  in  the  production  of  an  incurvation  of  the  penis,  causing  phy- 
sical disabiUty  persisting  for  months  or  even  throughout  life.  After  an 
unsatisfactory  experience  I  soon  learned  that  if,  after  the  instrument  was 
in  place,  the  blades  were  separated  just  sufficiently  to  fill  the  constricted 
portion  of  the  canal  comfortably  without  causing  overdistention,  so  that  the 
strictured  portion  was  fixed  and  presented  a  firm,  unyielding  surface  to 
the  passage  of  the  knife,  the  fibrous  structure  forming  the  coarctation 
would  alone  be  divided  and  the  patient  would  convalesce  without  the 
development  of  untoward  consequences.  I  regard  this  instrument  as  one 
of  the  most  satisfactory  and  reliable  to  use  for  the  relief  of  cases  of  the 
kind  under  consideration.  I  beUeve,  with  Br>-son,  that  since  the  "stric- 
ture disease"  chiefly  affects  the  floor,  the  inferior  wall  is  the  best 
site  for  the  incision.  When  the  stricture  is  cut  on  the  roof,  there  is  more 
danger  of  hemorrhage,  which  may  be  followed,  later,  by  the  development 
of  incurvation  of  the  penis. 
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It  is  essential,  before  operating,  to  ascertain  the  depth  of  the  stricture 
from  the  meatus  and  the  normal  caliber  of  the  patient's  urethra;  the 
latter  should  be  determined  by  means  of  the  urethrometer. 

The  dilating  urethrotome  is  introduced  into  the  urethra  with  the  groove 
along  which  the  knife-blade  travels  presenting  toward  the  floor  of  the 
canal;  it  is  carried  down  until  it  is  passed  slightly  beyond  the  seat  of  ob- 
struction. By  means  of  the  wheel  connected  with  the  handle  the  blades 
are  separated  until  the  constricted  portion  of  the  canal  firmly  grasps  the 
dilated  shaft  of  the  instrument,  vnthout  causing  overdisterUion.  The  knife 
is  then  drawn  directly  along  the  median  line,  through  the  cicatricial  mass, 
until  it  is  completely  severed.  The  blade  is  then  returned  to  its  sheath, 
and  the  instrument  withdrawn.  The  urethra  is  next  explored  by  means 
of  a  full-sized  bougie  k  boule,  and  if  any  constricting  bands  are  discovered, 
they  should  be  incised  in  the  same  manner,  after  which  the  urethra  should 
be  irrigated  and  a  full-sized  soft-rubber  catheter  inserted. 

Internal  Urethrotomy  for  Strictures  of  Small  Caliber. — Strictures 
in  the  penile  urethra  whose  caliber  is  less  than  15  mm.  must  first  be  di- 
lated, by  either  continuous  or  gradual  dilatation,  before  it  is  possible  to 
insert  the  instrument  for  performing  urethrotomy.  When  the  obstruction 
can  be  permeated  only  by  a  filiform  bougie,  internal  urethrotomy  may  be 
successfully  performed  by  means  of  a  knife  designed  by  me  for  the  piupose. 
The  instrument  consists  of  a  staff,  ten  inches  long,  having  a  handle  at  one 
end  and  terminating  in  a  triangular  blade  at  the  other,  the  apex  of  the 
blade  being  blunt.  On  the  under  surface  of  the  shaft  that  carries  the 
knife  is  a  ring  through  which  a  filiform  may  be  threaded,  serving  to  guide 
the  instrument  in  its  passage  along  the  urethra.  In  performing  this 
operation  the  penis  must  be  steadied  during  the  progress  of  the  knife 
along  the  canal  by  putting  the  organ  on  the  stretch.  The  filiform  is  now 
threaded  through  the  ring  at  the  end  of  the  instrument,  and  passed  along 
the  whalebone  into  the  urethra,  with  the  blade  presenting  toward  the  in- 
ferior wall,  until  the  obstruction  is  reached,  when,  by  gradual  but  firm 
pressure,  the  knife  is  made  to  incise  the  cicatricial  mass  from  before 
backward  directly  in  the  median  line.  The  division  of  the  coarctation 
permits  the  introduction  of  a  Thompson  dilator,  and  the  caliber  is  further 
increased  up  to  18  mm.,  after  which  the  instrument  is  removed  and  the 
urethrotome  of  Gross  or  of  Otis  is  employed  to  divide  the  remaining  con- 
stricting bands,  thus  restoring  the  canal  to  its  normal  caliber. 

Urethrotomy  in  Impermeable  Stricture  of  the  Anterior  Urethra. — 
Occasionally  cases  are  encountered  in  which  the  urethra  is  either  partially 
or  completely  occluded  from  the  meatus  down  to  the  bulb.  Such  cases 
are  often  complicated  by  coincident  penile  urethral  fistulas.  For  the 
relief  of  this  form  of  obstruction  I  have  employed  the  following  method  of 
operating  with  the  most  gratifying  results:  The  penis  is  held  firmly  by 
being  stretched  upward  toward  the  pubic  bone.  A  narrow  bistoury,  four 
inches  long,  is  then  inserted  into  the  meatus  and  carried  steadily  down- 
ward and  onward  through  the  cicatricial  tissue  along  the  course  of  the 
uretlira  until  the  end  of  the  obstruction  is  reached.  The  incision  along 
the  almost  obliterated  urethral  tract  cuts  a  groove  in  the  course  of  the 
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canal,  which  is  usually  attended  by  trifling  hemorrhage  and  permits  the 
passage  of  the  Thompson  dilator,  by  means  of  which  the  canal  can  be 
stretched  sufficiently  to  allow  the  Otis  urethrotome  to  be  employed,  dilat- 
ing and  cutting  until  the  normal  caliber  of  the  canal  is  restored;  after 
this  a  grooved  urethral  staff  is  passed  and  external  perineal  urethrotomy 
performed  by  means  of  a  guide.  The  sinus  in  the  penis  is  opened,  cureted, 
and  a  full-sized  soft-rubber  catheter  is  passed  through  the  urethra  to  the 
bladder  and  fastened  in  place.  Continuous  drainage  is  maintained  for  at 
least  four  weeks.  The  perineal  wound  is  packed  lightly  with  iodoform 
gauze,  which  is  removed  on  the  second  day  and  not  replaced.  The  re- 
sults obtained  by  this  method  of  treatment  in  apparently  hopeless  cases 
have  been  almost  phenomenal. 

Internal  Urethrotomy  for  Strictures  of  Small  Caliber  in  the 
Deep  Urethra. — Different  forms  of  urethrotomes,  all  embod)ring  the  same 
principles,  have  been  devised  for  the  purpose  of  severing,  from  before  back- 
ward, tight  strictures  in  the  region  of  the  bulbous  or  membranous  portion 
of  the  urethra.  Of  these,  the  Maisonneuve  and  Treevan  instruments  are 
most  used.  With  the  former  the  incision  is  made  on  the  roof,  and 
with  the  latter,  on  the  floor,  of  the  canal.  Before  such  instruments  can 
be  introduced  the  caliber  of  the  stricture  must  be  dilated  to  9  mm. ;  if 
this  can  be  accomplished,  in  an  ordinary  stricture,  internal  urethrotomy 
will  be  unnecessary,  for  such  cases  can  be  relieved  more  satisfactorily  by 
either  gradual  or  modified  rapid  dilatation.  When  a  deepv-seated  stricture 
is  resilient  or  irritable,  the  only  method  of  treatment  consists  in  per- 
forming urethrotomy.  In  such  cases  I  have  abandoned  the  use  of  the 
aforenamed  instruments,  for  this  method  of  operating,  even  in  the  most 
skilful  hands,  is  attended  by  a  mortality  of  4  per  cent.  The  complications 
most  often  observed  are  extravasation  or  suppression  of  urine,  uremia, 
urinary  fever,  and,  not  rarely,  fatal  hemorrhage  from  wounding  of  the 
dorsal  vein,  the  plexus  of  Santorini,  or  the  artery  of  the  bulb.  The 
method  of  Maisonneuve  has  been  modified,  and  has  been  found  more 
satisfactory  than  the  original  technic.  If  the  stricture  is  filiform  in 
caliber  but  capable  of  being  stretched,  continuous  dilatation  by  means  of  a 
whalebone  bougie  is  first  performed,  the  instrument  being  allowed  to 
remain  in  the  urethra  for  three  days;  after  this  modified  rapid  dilatation 
is  performed,  so  as  to  permit  the  introduction  of  a  grooved  urethral  staff, 
and  an  external  perineal  urethrotomy  is  done  by  means  of  a  guide.  Any 
remaining  obstruction  is  now  incised  on  the  floor  of  the  canal  by  means 
of  the  Otis  urethrotome,  being  careful  not  to  overdistend  the  urethra  while 
making  the  incision,  thus  avoiding  incising  anything  but  the  cicatricial 
tissue.  The  final  steps  of  the  operation  consist  in  irrigating  the  urethra 
and  introducing  a  full-sized  rubber  catheter,  which  is  allowed  to  remain 
in  silu  until  the  opening  in  the  membranous  urethra  has  closed.  Con- 
tinuous drainage  prevents  urinary  fever,  relaxes  muscular  spasm,  places 
the  parts  at  physiologic  rest,  causing  atrophy  and  absorption  of  the 
strictured  tissue,  and  assures  healmg  without  the  danger  of  ensuing  peri- 
neal fistula.  The  catheter  should  be  removed  about  every  three  days  and 
a  clean  instrument  reintroduced.    If  continuous  catheterism  is  employed, 
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it  is  not  necessary  to  insert  a  metallic  bougie  until  the  wound  in  the 
perineal  portion  of  the  urethra  has  healed. 

Internal  and  External  Urethrotomy  Combined.— Reginald  Har- 
rison first  performed  this  operation  for  the  relief  of  traumatic  or  organic 
strictures  that  were  resilient,  irritable,  nodular,  or  associated  with  ure- 
thral fistulas.  It  is  also  reser\'^ed  for  those  cases  in  which  the  coarctation 
is  permeable  only  by  a  filiform  bougie.  Clinical  experience  has  shown 
that  dilatation,  incision,  and  perineal  drainage,  by  putting  the  urethra  at 
physiologic  rest,  not  only  prevent  the  subsequent  development  of  urethral 
fever,  but  cause  a  fatty  degeneration,  atrophy,  and  absorption  of  the 
cicatricial  tissue  to  take  place,  resulting  in  permanent  benefit,  the  walls 
of  the  urethra  becoming  soft  and  pliable.  When  the  stricture  is  dilatable, 
the  operation  is  done  by  first  effecting  either  gradual  or  modified  rapid 
dilatation,  after  which  an  external  perineal  urethrotomy  is  performed, 
any  remaining  obstructing  bands  in  the  urethra  bemg  then  severed  by 
means  of  the  Otis  urethrotome. 

The  operation  for  the  relief  of  strictures  permeable  only  by  a  filiform 
will  be  considered  under  the  head  of  External  Urethrotomy  by  Means  of 
a  Guide  (p.  567). 

External  Perineal  Urethrotomy.— This  operation  is  performed 
either  with  or  without  the  aid  of  a  guide  in  the  urethra.  When  done 
with  the  guide,  the  operation  is  a  comparatively  easy  one.  In  cases  of 
traumatic  impermeable  strictures,  or  of  rupture  of  the  urethra  with  ex- 
travasation of  urine  or  blood,  the  normal  relation  of  the  tissues  of  the 
perineum  being  distorted,  this  operation,  when  done  without  a  guide, 
may  become  one  of  extreme  difficulty.  To  insure  success,  a  good  light, 
perseverance,  and  a  thorough  practical  knowledge  of  the  anatomy  of  the 
perineum  are  essential. 

Perineal  urethrotomy  is  done  for  the  relief  of  non-dilatable,  irritable, 
resilient  strictures  of  small  caliber,  associated  with  urinary  fistula  or  ab- 
scess of  the  perineum.  It  is  also  performed  in  impermeable  strictures, 
either  with  or  without  retention  of  urine,  in  rupture  of  the  urethra,  and 
is  also  done  in  conjunction  with  an  internal  urethrotomy  performed  on 
some  other  portion  of  the  canal. 

Technic. — ^The  patient  should  be  placed  in  the  lithotomy  position, 
the  buttocks  projecting  slightly  beyond  the  edge  of  the  table,  and  elevated 
by  means  of  a  sand-pillow;  the  legs  are  flexed  on  the  thighs  and  the  thighs 
on  the  abdomen,  being  held  in  this  position  by  assistants.  The  perineum 
will  now  be  on  the  same  plane  as  the  eye  of  the  operator  when  seated  op- 
posite the  patient,  allowing  him  to  look  down  into  the  perineal  wound  and 
observe  every  step  of  the  operation.  The  hemorrhage  following  perineal 
section  is  not,  as  a  rule,  severe;  if,  however,  it  is  profuse,  its  origin  is 
generally  in  the  region  of  the  bulb,  coming  froni  the  incised  ends  of  the 
urethra  or  from  the  plexus  of  veins  in  the  vicinity  of  the  prostate.  It  can 
usually  readily  be  controlled  by  packing  the  wound  firmly  with  iodoform 
gauze,  which  is  carried  along  the  side  of  the  catheter  up  to  the  neck  of  the 
bladder.  When  this  is  not  effective,  and  the  application  of  a  ligature  is 
difficult,  the  wound  should  be  separated  by  means  of  retractors  and  the 
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bleeding  vessels  seized  by  hemostatic  forceps,  which  should  be  allowed  to 
remain  for  three  or  four  days.  If  the  hemorrhage  comes  from  the  bulbous 
portion  of  the  canal,  this  should  be  exposed  by  free  incision  and  the 
bleeding  vessels  controlled  by  either  ligature  or  purse-string  suture. 

The  question  of  drainage  after  a  perineal  urethrotomy  is  one  of  great 
importance.  In  such  cases  it  is  best  to  resort  at  once  to  continuous 
catheterism.  A  full-sized  soft-rubber  catheter  is  passed  and  allowed  to 
remain  in  the  urethra  until  the  new  canal  has  formed  about  it.  The  effect 
of  the  continuous  pressure  exerted  on  the  inflamed  and  congested  urethra 
is  most  beneficial.  Tenesmus  is  relieved,  the  bladder  is  put  at  rest,  and 
urinary  fever  is  prevented.  Convalescence  is  assured  without  the  forma- 
tion of  a  perineal  urethral  fistula.     In  cases  in  which  combined  internal 
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and  external  perineal  urethrotomy  has  been  performed  and  it  is  then 
found  diflficult  to  pass  a  catheter  in  the  usual  manner  because  of  the  rough 
and  nodular  condition  of  the  urethra,  the  manipulation  may  easily  be  ac- 
complished by  inserting  a  pair  of  long  forceps,  designed  for  removing 
foreign  bodies  from  the  urethra,  through  the  meatus  and  making  the  jaws 
of  the  instrument  appear  at  the  perineal  wound  (Fig.  293).  The  proxi- 
mal end  of  the  catheter  is  then  caught  and  drawn  from  behind  forward 
until  it  protrudes  an  inch  or  so  beyond  the  meatus.  The  vesical  end  is 
then  passed  along  a  probe-pointed  gorget,  through  the  membranous 
and  along  the  prostatic  portion  of  the  urethra  into  the  bladder. 

When  infiltration  of  urine  into  the  perineum  has  occurred,  or  when  a 
perineal  abscess  or  sinus  or  a  large  amount  of  nodular  tissue  due  to  chronic 
inflammation  is  present,  no  effort  should  be  made  to  close  the  perineal 
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wound;  if  none  of  these  conditions  exists,  the  wound  should  be  approx- 
imated by  means  of  interrupted  silkworm-gut  sutures,  leaving  a  small 
opening  at  the  lower  angle  for  the  protrusion  of  the  gauze  packing,  which 
should  \ye  removed  on  the  second  day  and  not  replaced.  The  packing  of 
a  perineal  wound  for  prolonged  periods  after  operation  is  undoubtedly  a 
frequent  cause  of  delay  in  healing,  the  result  of  the  formation  of  a  fistulous 


Fio.  293. — Method  of  Passino  the  Cathktkr  from  Bkhind  Forward,  by  Mf.ans  of  Urethral 
FoRCKPH,  for  Continuous  DRAiNAtit:  aftkr  having  Performed  External  Perineal  URf> 
throtomy. 


opening.  The  end  of  the  catheter  protruding  from  the  meatus  is  con- 
nected with  a  rubber  tube  leading  to  a  vessel  under  the  bed,  into  which 
the  urine  drains  from  the  bladder,  the  patient  being  thus  kept  dry  and 
clean  (Fig.  294). 

External  Perineal  Urethrotomy  with  a  Guide. — In  this  operation 
the  membranous  urethra  is  opened  with  the  aid  of  an  instrument  that 
serves  to  guide  the  surgeon  by  rendering  the  deep  urethra  ea.sy  of  recog- 


568 


SURGERY  OF  THE  PENIS  AND  URETHRA. 


nition  by  means  of  an  incision  in  the  perineum.  Various  instruments  are 
employed  for  this  purpose,  among  them  being  the  Syme's  staff,  the  grooved 
urethral  staff,  the  Gouley  tunneled  catheter,  the  Thompson  dilator,  and 
the  whip  or  whalebone  bougie  used  in  conjunction  with  Horwitz's  dilating; 
perineal  staff.  In  addition  to  the  guide  there  are  required  a  scalpel, 
scissors,  hemostatic  forceps,  Wheelhouse  probe,  Teale  prol^e-pointed  gorget , 
perineal  retractors,  a  soft-rubber  catheter,  and  an  Otis  urethrotome. 
The  Syme^s  staff  is  the  guide  usually  employed,  but  I  have  found  this  in- 
strument unsatisfactory  for  the  reason  that  the  narrowed  terminal  third 
of  the  shaft,  which  is  intended  to  pass  through  the  contracted  portion  of  the 

urethra,  may,  in  a 
deep  perineum,  be 
difficult  to  locate 
and  thus  render 
fixation  of  the  ure- 
thra so  that  it  ma\' 
be  incised  tn)uble- 
some ;  moreover,  the 
channel  is  so  shal- 
low and  narrow  that 
it  is  often  impossible 
to  keep  the  point  of 
the  knife  in  the 
groove,  and,  as  a 
result,  the  blade  is 
constantly  slipping 
from  the  guide  be- 
fore the  incision  is 
completed. 

In  order  to  em- 
ploy the  Syme's  staff 
it  is  necessary  that 
the  stricture  should 
have  a  caliber  of  six 
millimeters;    if  this 

Fia.  294. — Continuous  Catheterism  IN  THE  Recumbent  Posture.        is     the     Case,     it     IS 

much  quicker,  more 
satisfactory,  and  easier  first  to  stretch  the  stricture  by  means  of  modified 
rapid  dilatation,  and  then  either  to  employ  the  Thompson  instrument 
as  the  guide  or  to  make  use  of  the  full-sized  grooved  urethral  staff.  The 
technic  of  an  external  perineal  urethrotomy  performed  by  means  of  the 
Syme's  staff,  the  Thompson  dilator,  or  the  grooved  urethral  staff  is  prac- 
tically the  same  in  each  instance. 

External  Perineal  Urethrotomy^  Using  the  Thompson  Dilator  as  a 
Guide, — Ether  is  administered,  a  filiform  bougie  is  inserted,  and  the 
Thompson  dilator  threaded  over  it  and  passed  into  the  urethra  as  far  as 
the  neck  of  the  bladder.  Modified  rapid  dilatation  is  then  performed,  and 
the  blades  of  the  instrument  left  separated  just  sufficiently  comfortably 
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to  distend  the  urethral  walls  and  hold  the  canal  firm  and  steady.  An 
assistant  holds  the  staff  up  against  the  abdomen,  in  the  median  line,  and 
hooks  it  up  against  the  pubic  bone.  The  patient  is  placed  in  the  lithotomy 
position.  The  scrotum  is  drawn  up  out  of  the  way,  and  the  instrument 
so  held  that  it  can  readily  be  felt  in  the  membranous  urethra  by  palpation 
of  the  perineum.  An  incision  is  now  made  along  the  median  raph6,  from 
the  attachment  of  the  scrotum  down  to  the  region  of  the  sphincter  ani, 
dividing  the  skin  and  superficial  and  deep  perineal  fascia,  exposing  the 
accelerator  urinae  muscle  at  the  bottom  of  the  wound;  the  tendinous 
raph6  is  next  divided,  bringing 
the  urethra  into  view,  which  is 
thus  fixed  and  distended  by  the 
aid  of  the  dilator.  A  tenaculum 
is  then  passed  on  each  side  of 
the  staff  into  the  urethra,  and 
placed  in  the  hands  of  the  as- 
sistants who  are  holding  the 
legs,  directing  them  to  make 
gentle  traction,  which  brings 
the  urethra  prominently  into 
the  wound,  where  it  can  readily 
be  incised,  the  guide  being  ex- 
posed in  siiu.  The  edges  of  the 
incised  urethra  should  then  be 
seized  with  hemostatic  forceps, 
which  are  handed  to  an  assist- 
ant, and  the  tenaculum  re- 
moved. The  Wheelhouse  probe 
is  next  introduced  through  the 
membranous  and  prostatic  ure- 
thra until  the  neck  of  the  blad- 
der is  reached:  this  instrument 
serves  to  guide  the  Teale  gorget 
through  the  perineal  wound 
down  to  the  neck  of  the  blad- 
der; as  soon  as  this  is  accom- 
plished, the  Wheelhouse  probe 
and  dilator  are  removed.     Any 

remaining  constricting  bands,  caused  by  the  stricture,  are  incised  and 
dilated  by  means  of  the  Otis  urethrotome;  a  soft-rubber  catheter  is 
inserted  from  the  meatus  into  the  bladder,  and  left  in  place  until 
the  continuity  of  the  deep  urethra  has  been  restored.  Bleeding  is  con- 
trolled by  packing  the  perineal  wound  with  iodoform  gauze  alongside  the 
catheter,  using  the  gorget  as  a  means  of  guiding  the  gauze  down  to  the 
neck  of  the  bladder.  The  gauze  should  be  allowed  to  remain  for  forty- 
eight  hours,  and  then  removed  and  not  replaced.  The  perineal  wound  is 
closed  by  means  of  interrupted  silkworm-gut  sutures,  leaving  a  small 
opening  at  the  lower  angle  for  the  protrusion  of  the  packuig. 


Fig.  295. — Continuous  Drainage. 
The  patient  ia  allowed  to  be  up  and  to  walk  about. 
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Perineal  Puncture  of  the  Membranous  Urethra  (Buttonhole 
Operation). — ^This  method  of  performing  perineal  urethrotomy  is  some- 
times employed  when  it  is  desired  to  drain  the  bladder  after  an  internal 
urethrotomy  has  been  performed.  A  grooved  urethral  staff  is  passed,  the 
patient  is  placed  in  the  lithotomy  position,  and  a  long  straight  bistoury, 
with  a  narrow  blade,  is  inserted  one  inch  in  front  of  the  anus,  its  back 
being  turned  toward  the  rectum;  the  instrument  is  carried  steadily  inward 
in  the  median  line  until  it  reaches  the  groove  in  the  staff  inserted  into  the 
urethra,  thus  puncturing  the  membranous  urethra;  as  the  knife  is  removed 
the  incision  is  slightly  enlarged  upward,  to  make  it  of  sufficient  length  to 

admit  the  index- 
finger.  If  the 
mucous  mem- 
brane of  the  canal 
has  not  been 
completely  divid- 
ed, the  tip  of  the 
finger  is  held 
against  the  staff 
and  a  probe- 
pointed  bistoury 
is  inserted  along- 
side the  finger  as 
a  guide  until  the 
staff  is  reached, 
when  the  un- 
divided tissue  be- 
tween the  finger 
and  the  staff  is 
incised.  The 
Wheel  ho  use 
probe  is  now 
passed  into  the 
perineal  puncture 
along  the  groove 
in  the  staff  un- 
til the  neck  of 
the  bladder  is 
reached;  this 
serves  to  guide  the  passage  of  the  Teale  gorget,  after  which  the  urethral 
staff  and  probe  are  removed  and  a  drainage-tube  is  passed  along  the 
Teale  gorget  and  fastened  in  place. 

External  Urethrotomy  for  Stricture  Permeable  Only  by  a  Fili- 
form.— ^This  operation  has  been  greatly  simplified  by  the  use  of  a  perineal 
staff  devised  by  me;  it  may  be  employed  with  either  a  whip  or  a  whale- 
bone filiform  bougie.  It  will  be  seen  from  the  illustration  (Fig.  296)  that 
the  instrument  consists  of  two  blades  in  close  approximation,  which,  to- 
gether, form  a  smooth  staff  having  a  thumb-screw  at  one  end,  by  means 


Fio.  296. — Horwitz'b  Mkthod  of  External   Perineal  Urethro- 
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of  which  the  blades  may  readily  be  separated.  It  works  on  the  same 
principle  as  the  Otis  dilating  urethrotome.  The  distal  end  of  the  staff 
terminates  in  a  rounded  nut,  which  can  be  removed  and  replaced  by  a 
whip  filiform,  as  shown  in  Fig.  296.  An  opening  in  the  nut  at  the  end 
of  the  staff  will  be  observed,  which  leads  into  a  tunnel  through  which  an 
ordinary  whalebone  filiform  can  be  passed.  The  filiform  is  employed 
when  it  is  found  impossible  to  insinuate  the  whip  bougie. 

When  the  whip  bougie  can  be  passed  through  the  stricture,  it  is 
fastened  to  the  perineal  staff  in  the  manner  shown  in  Fig.  296.  The 
blades  of  the  instrument  are  closed  and  the  staff  is  passed  into  the 
urethra  until  arrested  by  coming  into  contact  with  the  shoulder  of 
the  stricture.  The  whip  bougie  being  pushed  in  front  of  the  staff, 
reaches  the  bladder  and  curls  up,  and  when  the  urethra  is  opened,  serves 
to  guide  the  operator,  as  it  is  inserted  directly  through  the  structure. 
If  the  whip  bougie  cannot  be  passed  through  the  stricture,  a  whalebone 
filiform  is  inserted.  The  tunnel  end  of  the  staff  is  threaded  over  the  fili- 
form, and  introduced  into  the  urethra  until  arrested  at  the  contracted 
portion  of  the  canal.  By  turning  the  thumb-screw  the  blades  are 
separated.  The  amount  of  separation  is  noted  on  an  indicator  on  the 
handle  of  the  staff.  When  the  blades  are  separated,  the  urethra  in  front 
of  the  stricture  is  not  only  fixed,  but  rendered  prominent,  and  the  oper- 
ator, after  making  the  incision  through  the  skin,  can  readily  open  the 
urethra  with  precision  and  ease.  The  separation  of  the  blades  fixes  the 
urethra  and  serves  to  hold  it  steady.  When  the  staff  is  in  position, 
with  blades  expanded,  the  location  of  the  urethra  can  readily  be  detected 
by  palpation  over  the  tissue  of  the  perineum.  Whenever  the  whip  bougie 
or  filiform  is  employed  in  conjunction  with  the  staff,  the  urethra  can 
readily  be  detected,  and  when  the  latter  is  incised,  the  instrument  will 
be  found  passing  through  the  stricture,  and  can  be  traced  without  diffi- 
culty to  the  entrance  of  the  bladder. 

When  the  patient  has  been  placed  on  the  operating  table,  an  effort 
should  be  made  to  introduce  the  whip  bougie;  if  this  fails,  a  filiform  should 
be  inserted,  and  the  perineal  staff  threaded  over  this  and  passed  down  to 
the  strictured  portion  of  the  urethra;  the  blades  are  then  separated  and 
given  to  an  assistant  to  hold,  who  at  the  same  time  Ufts  the  scrotum  out 
of  the  way.  The  patient  is  then  placed  in  the  lithotomy  position,  the  leg 
being  flexed  firmly  on  the  thigh  and  the  thigh  on  the  abdomen.  The 
buttocks  should  project  slightly  beyond  the  edge  of  the  table,  and  be 
elevated  by  means  of  a  sand-pillow,  so  that  the  perineum  is  on  the  same 
plane  with  the  eye  of  the  operator.  A  free  incision  is  made  through  the 
skin,  extending  from  just  below  the  junction  of  the  scrotum  with  the 
perineum  to  the  anterior  border  of  the  sphincter.  The  superficial  and  the 
deep  layer  of  fascia  are  next  divided  for  the  whole  length  of  the  incision, 
which  exposes  the  accelerator  urinse  muscle.  This  consists  of  two  sym- 
metric hsJves  united  along  the  middle  line  of  the  perineum  by  a  tendinous 
raph^  that  serves  to  mark  the  exact  location  of  the  urethra.  When  the 
surgeon  is  about  to  penetrate  the  perineum,  he  must  be  careful  not  to 
carry  the  incision  higher  that  the  attachment  of  the  central  tendon,  for 
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fear  of  wounding  the  bulb;  in  cutting  downward  he  must  guard  against 
injuring  the  rectum.  The  space  that  he  can  work  in  with  safety  is  a  little 
over  half  an  inch.  The  tendinous  raph6  of  the  muscles  should  now  be 
divided,  bringing  the  urethra  into  view;  with  the  aid  of  the  perineal  staff 
the  canal  is  fixed  and  distended.  A  tenaculum  is  then  passed  on  each 
side  of  the  staff  and  handed  to  an  assistant,  who  is  directed  to  make  gentle 
traction,  which  brings  the  urethra  prominently  into  the  wound,  where  it 
can  be  incised,  in  front  of  the  stricture,  when  the  staff  will  be  exposed  in 
position. 

The  edges  of  the  incised  urethra  are  then  grasped  with  hemo- 
static forceps  and  handed  to  an  assistant,  the  tenaculum  being  removed. 
The  upper  angle  of  the  wound  in  the  urethra  is  likewise  seized  with  for- 
ceps, which  the  surgeon  holds  in  his  left  hand,  making  traction  on  three 
portions  of  the  urethral  incision,  and  pulling  the  strictured  surface  of  the 
canal  so  that  it  presents  directly  in  front  of  the  operator.  The  Wheel- 
house  probe  is  then  made  to  follow,  through  the  stricture,  the  whalebone 
filiform  or  the  whip  bougie — whichever  had  been  employed.  As  soon  as 
the  aperture  of  the  stricture  is  located  the  probe  is  inserted  by  the  side 
of  the  filiform,  parailel  to  the  perineal  raph^,  and  earned  along  the  con- 
tracted portion  of  the  urethra  until  the  point  reaches  the  floor  of  the 
perineum,  just  above  the  rectum.  The  index-finger  of  the  left  hand  in- 
serted into  the  rectum  serves  as  guide:  the  probe  is  brought  from  the  vertical 
to  the  horizontal  position,  and  made  to  pass  directly  through  the  prostatic 
urethra  into  the  bladder.  In  some  instances  it  will  be  found,  after  the 
instrument  has  been  inserted  into  the  upper  portion  of  the  membranous 
urethra,  that  it  is  impossible  to  make  it  describe  the  curve  naturally  as- 
sumed by  this  portion  of  the  urethra;  this  difficulty  can  readily  be  over- 
come by  inserting  the  index-finger  of  the  left  hand  into  the  rectum,  at 
the  same  time  dissecting  the  tissues  of  the  perineum,  including  the  stric- 
tured portion  of  the  floor  of  the  urethra,  directly  down  upon  the  probe; 
the  handle  of  the  instrument  can  then  be  readily  depressed  and  carried  into 
the  bladder.  When  the  probe  has  entered  the  bladder,  it  is  handed  to  an 
assistant,  who  grasps  it  firmly.  With  the  index-finger  in  the  rectum, 
which  serves  to  prevent  injury  to  that  canal,  a  probe-pointed  bistoury  is 
passed  along  the  groove  on  the  under  surface  of  the  probe,  so  as  to  divide 
the  stricture  throughout  its  entire  length,  after  which  the  Teale  goi^t  is 
passed  beside  the  probe,  until  the  point  of  the  instrument  enters  the  blad- 
der. As  evidence  that  this  has  been  accomplished  is  the  fact  that  urine 
will  be  seen  to  flow  along  the  instrument.  The  probe  is  then  removed, 
and  a  soft-rubber  catheter  passed  through  the  penile  urethra  until  the 
point  of  the  instrument  appears  in  the  perineal  opening,  when  it  should  be 
seized  between  the  finger  and  thumb  of  the  surgeon,  pulled  well  into  the 
incision,  and  made  to  pass  along  the  gorget  into  the  bladder.  The  wound 
should  then  be  partially  packed  with  iodoform  gauze  and  closed  with  in- 
terrupted silkworm-gut  sutures,  leaving  the  lower  angle  open  for  drainage. 

External  Perineal  Urethrotomy  without  a  Guide. — ^This  operation 
is  indicated  in  any  form  of  permeable  stricture  of  the  deep  urethra,  espe- 
cially if  it  is  associated  with  retention  or  extravasation  of  urine  from 
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rupture,  when  the  perineum  is  riddled  with  sinuses,  or  if  nodular  and 
brawny  cicatricial  tissue  in  the  perineum  is  present.  When  operating  by 
the  perineal  route,  in  strictures  of  this  character,  it  is  not  sufficient  to 
drain  the  bladder  by  means  of  a  perineal  cystotomy,  but  any  existing  ob- 
struction in  any  other  portion  of  the  urethra,  due  to  stricture,  must  like- 
wise be  removed  and  the  canal  restored  to  its  normal  caliber. 

The  instruments  required  are:  A  scalpel;  a  sharp  and  a  probe-pointed 
bistoury  with  a  narrow 
blade;  a  Wheelhouse 
probe;  a  Teale  gorget; 
a  Horwitz  dilating  peri- 
neal staff;  Thompson's 
urethral  forceps;  Otis' 
urethrotome;  perineal 
retractors;  hemostatic 
forceps;  two  tenacula; 
dissecting  forceps,  and 
a  soft-rubber  catheter. 

This  procedure  is  a 
modification  of  that 
known  as  Wheel- 
house's  operation,  the 
Horwitz  perineal  staff 
being  substituted  for 
the  guide  used  in  the 
original  operation,  and 
some  radical  changes 
being  made  in  thetech- 
nic,  tending  greatly  to 
simplify  the  procedure 
by  enabling  the  oper- 
ator to  locate  the  ure- 
thra with  absolute  cer- 
tainty and  without  loss 
of  time;  by  following 
the  details  of  the  fur- 
ther manipulation  sug- 
gested the  proximal 
portion  of  the  canal  can 
be  found  without  diffi- 
culty and  the  continuity  of  the  urethra  easily  re-established .  This  method  is 
also  applicable  to  cases  of  rupture  of  the  urethra  with  extravasation  of  urine. 
The  Horwitz  dilating  staff  to  be  used  as  a  substitute  for  the  Wheelhouse 
instrument  has  been  fully  described  on  p.  571 .  The  latter  is  a  long,  narrow 
staff  with  a  shallow  groove  on  the  under  surface  and  a  slight  hook  on  the 
end;  when  inserted,  this  instrument  fails  to  render  the  urethra  prominent 
or  to  hold  it  steady,  so  that  in  dissecting  down  upon  the  instrument  it  is 
frequently  difficult,  in  a  deep  perineum,  to  locate  the  canal;   hence  when 


Flo.  297. — Wmeelhouse's  External  Urethrotomy. 
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an  effort  is  made  to  incise  the  urethra,  the  mucous  coat  of  the  canal  rolls 
away  from  the  point  of  the  knife,  and  the  blade  incises  the  tissue  on  each 
side  of  the  guicle  without  opening  the  urethra:  moreover,  when  the  canal 
is  once  opened,  the  small  hook  on  the  end  fails  to  hold  the  upper  edge  of 
the  incision  and  constantly  slips  away,  so  that  the  canal  must  again 
be  sought  for.  Finally,  the  staff  in  the  perineal  wound  is  constantly 
in  the  operator's  way,  interfering  with  further  manipulations.     The  Hor- 


FiG  298. — External  Perineal  Urkthrotomy  without  a  Guide,  Employing  Horwitz'b  Dilat- 
ing Urethral  Staff. 


witz  staff  has  the  advantage  not  only  of  holduig  the  urethra  fixed,  but 
of  rendering  it  prominent  in  the  perineum,  so  that  the  urethra  can  be  in- 
cised with  absolute  precision,  without  loss  of  time,  and  without  reference 
to  the  anatomic  landmarks,  this  stage  of  the  operation  being  performed 
automatically. 

Horwitz  Operation. — ^The  method  of  opening  the  urethra  will  depend 
on  whether  the  canal  is  occluded  at  the  bulbomembranous  junction  or  in  the 
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membranous  urethra.  In  the  former  case  the  urethra  must  be  incised 
behind  the  stricture,  whereas  in  the  latter  it  must  be  opened  in  front. 
The  perineal  staff,  with  the  blades  closed,  is  passed  into  the  urethra  until 
the  seat  of  obstruction  is  reached;  the  patient  is  then  placed  in  the  lithot- 
omy position,  and  the  staff  intrusted  to  an  assistant,  who  is  instructed 
to  hold  the  beak  of  the  instrument  firmly  in  contact  with  the  face  of  the 
stricture,  at  the  same  time  drawing  the  scrotum  away  from  the  perineum. 
The  blades  are  now  separated,  and  an  incision  is  made  in  the  median  line 
of  the  perineum,  from  the  junction  of  the  scrotum  down  to  the  region  of 
the  sphincter  ani;  the  cut  divides  the  skin  and  superficial  and  deep  fascia; 
these  are  drawn  aside  by  means  of  retractors,  when  the  accelerator  muscle 
will  be  discovered  at  the  bottom  of  the  wound;  the  muscle  is  divided  in 
turn  along  its  tendinous  raph6,  which,  when  retracted,  will  expose  the 
canal  fixed  and  made  prominent  by  means  of  the  dilated  guide.  If  the 
point  of  the  staff  has  been  arrested  by  the  stricture  at  the  bulb,  the  assis- 
tant is  directed  to  push  the  staff  downward  and  outward,  so  that  the  point 
of  the  instrument  covered  by  the  urethra  is  brought  prominently  into  the 
perineal  wound.  An  incision  is  now  made  directly  through  the  urethral 
wall  and  the  cicatricial  tissue  composing  the  stricture  until  the  canal  is 
opened,  exposing  the  staff  in  situ,  and  completely  dividing  the  coarctation. 
The  blades  are  then  closed  slightly  and  the  instrument  pushed  through 
the  opening  in  the  urethra  and  again  separated.  If  more  constricting 
bands  are  discovered,  they  may  readily  be  divided,  since  the  field  of  operas 
tion  is  visible.  The  Wheelhouse  probe  is  now  passed  through  the  mem- 
branous and  prostatic  urethra  until  the  bladder  is  reached;  the  Teale 
gorget  is  guided  along  the  probe,  which  is  then  removed,  leaving  the  gorget 
in  place.  The  blades  of  the  perineal  staff  are  closed,  and  the  instrument 
withdrawn  from  the  urethra.  Any  further  constriction  that  may  exist  in 
the  penile  urethra  is  incised  and  dilated  with  the  Otis  urethrotome,  and  a 
full-sized  rubber  catheter  passed  from  the  meatus  down  to  the  bladder 
and  left  in  situ.  When  the  beak  of  the  instrument  is  arrested  in  the  mem- 
branous urethra,  the  canal  is  exposed  by  the  perineal  incision  and  opened 
in  front  of  the  stricture,  which  is  even  a  simpler  procedure  than  opening 
the  canal  from  before  backward.  As  soon  as  the  canal  is  opened  the 
lateral  walls  and  the  upper  angle  are  seized  with  hemostatic  forceps,  and 
by  making  traction  on  three  different  portions  of  the  urethral  wound,  the 
strictured  surface  is  pulled  forward  so  that  it  prasents  directly  in  front  of 
the  operator.  The  aperture  of  the  coarctation  can  usually  be  recognized 
or  readily  found  by  searching  about  with  the  Wheelhouse  probe,  which  is 
insinuated  through  the  constricted  portion  of  the  canal  and  passed  along 
until  the  neck  of  the  bladder  is  reached.  The  index-finger  of  the  left 
hand  is  now  inserted  into  the  rectum.  An  assistant  holds  the  probe 
steady,  with  the  groove  on  the  under  surface,  presenting  toward  the  rec- 
tum; a  probe-pointed  bistoury  is  passed  along  the  groove  until  the  stric- 
ture is  divided  along  its  entire  length.  The  Teale  gorget  is  next  passed 
alongside  the  probe  until  the  point  reaches  the  neck  of  the  bladder.  The 
probe  is  now  removed,  and  the  index-finger  passed  along  the  gorget  in 
order  to  ascertain  if  all  the  constricting  bands  have  been  severed;  if  this 
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has  not  been  done,  the  probe-pointed  knife  must  be  reinserted  and  the 
cicatricial  tissue  further  divided.  The  operation  is  completed  in  the 
same  manner  as  when  the  urethra  is  opened  from  behind  forward  (see 
p.  567). 

Perineal  Urethrotomy  without  a  Guide  for  Traumatic  Stricture 
and  Rupture  of  the  Urethra.— External  perineal  urethrotomy  for  the 
relief  of  these  conditions  is  frequently  one  of  the  most  difficult  operations 
in  surgery.  When  a  traumatic  stricture  of  the  deep  urethra  is  associated 
with  the  presence  of  sinuses  and  dense  cicatricial  tissue  in  the  perineum, 
or  if  rupture  of  the  urethra  with  extravasation  of  urine  has  taken  place, 
it  is  often  difficult  to  trace  the  continuity  of  the  canal  through  its  strictured 
portion;  in  the  case  of  rupture,  it  may  be  impossible  to  locate  the  distal 
end.  Fortunately,  in  most  cases  the  bladder  can  be  drained  successfully 
by  the  perineal  route,  thus  avoiding  the  necessity  for  performing  either 
retrograde  urethral  or  suprapubic  catheterism.  If  the  anatomic  relations 
of  the  perineal  tissues  have  become  distorted  or  altered  as  the  result  of 
traumatism  or  of  extravasated  urine,  or  when  fruitless  efforts  have  been 
made  to  pass  a  catheter,  the  lumen  of  the  distal  end  of  the  canal  becomes 
occluded,  and  the  torn  end  of  the  tube  is  packed  down  firmly  in  an  ab- 
normal position  among  the  deep  structures  of  the  perineum,  rendering  its 
detection  extremely  difficult  or  even  impossible,  without  a  resort  to 
retrograde  catheterism.  In  all  such  cases  the  misplaced  end  of  the  canal 
will  usually  be  found  either  at  the  lower  angle  of  the  perineal  wound,  near 
the  rectum,  or  high  up,  on  either  side  of  the  median  line,  below  the  pubic 
bone.  With  the  aid  of  the  dilating  perineal  staff  devised  by  me  and  fol- 
lowing the  technic  advocated  in  operating  upon  such  strictures  without 
a  guide,  I  have  in  every  instance  successfully  found  the  distal  end  of  the 
urethra  and  succeeded  in  restoring  the  continuity  of  the  canal  by  the 
perineal  route.  If  this  method  fails,  retrograde  urethral  catheterism, 
as  suggested  by  Young,  should  be  tried. 

Urethral  Retrograde  Catheterism.— The  median  incision  is  con- 
verted into  one  resembling  an  inverted  Y,  by  making  two  vertical  in- 
cisions branching  off  from  the  median  one;  these  are  carried  downward 
and  outward,  between  the  tuberosity  and  the  sphincter  ani.  By  careful 
dissection,  after  the  manner  described  when  considering  perineal  prosta- 
tectomy, the  apex  of  the  prostate  is  exposed,  the  prostatic  urethra  found, 
and  the  edges  of  the  urethral  mucous  membrane  seized  with  hemostatic 
forceps,  after  which  a  Wheelhouse  probe  is  passed  from  behind  for- 
ward; this  finds  and  follows  the  membranous  urethra,  thus  locating  the 
urethra  both  in  front  of  and  behind  the  stricture. 

Cock's  Operation. — ^This  operation,  being  more  or  less  dangerous 
and  uncertain,  has  fallen  largely  into  disuse.  It  is  merely  a  palliative 
measure,  relieving  the  urgent  symptoms  by  draining  the  bladder,  and 
necessitating  a  future  operation  for  the  relief  of  the  stricture.  The  driv- 
ing of  a  double-edged  knife  blindly  into  the  depths  of  the  membranous 
urethra  on  the  chance  of  incising  a  perineum  whose  anatomic  structures 
are  distorted,  is  a  method  that  does  not  appeal  to  the  practical  surgeon. 
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The  operation  necessitates  the  use  of  a  double-edged  knife  designed  for 
the  puq)ose. 

Suprapubic  Cystotomy  with    Retrograde  Catheterism.— This 

operation  is  performed  in  grave  emergency  cases  in  which  as  little  time 
as  possible  must  be  lost.  It  is  also  the  operation  of  choice  in  patients 
whose  physical  condition  is  such  as  to  render  any  operative  procedure 
dangerous,  but  in  whom,  nevertheless,  surgical  intervention  is  imperative. 
In  performing  perineal  urethrotomy  the  proximal  end  of  the  urethra  may 
generally  be  found  without  difficulty;  when,  however,  this  cannot  be  done, 
the  search  may,  in  the  case  of  young,  robust  subjects,  be  continued  for  a 
considerable  length  of  time  without  injury  to  the  patient.  When,  on  the 
other  hand,  the  patient  is  advanced  in  years,  feeble,  with  damaged  heart 
and  diseased  kidneys;  when  there  has  been  extravasation  of  urine,  con- 
tinuing for  a  number  of  hours  and  accompanied  by  gangrene,  sepsis,  or 
uremia;  in  traumatic  stricture  in  which  a  portion  of  the  urethra  is  prac- 
tically obliterated ; 
and  in  elderly  sub- 
jects with  retention 
of  urine,  associated 
with  an  imperme- 
able stricture  and  a 
hypertrophy  of  the 
prostate  gland — in 
all  these  cases  the 
safety  of  the  patient 
demands  that  the 
operation  be  per- 
formed as  speedily 
as  possible ;  if,  there- 
fore, thorough 
search  fails  to  dis- 
close the  proximal 

portion  of   the   Ure-  Fio.  299.— Cock's  External  Urethrotomy. 

thra,    retrograde 

catheterism  should  be  resorted  to  without  delay.  This  will  shorten  the 
time  required  for  the  operation,  diminish  shock,  and  tend  to  minimize  the 
amount  of  anesthetic  required,  besides  lessening  the  danger  of  suppression 
of  urine,  uremia,  or  septic  pneumonia,  which  so  frequently  attend  com- 
plicated cases  of  this  kind.  The  safest  course  to  pursue  is  to  induce  local 
anesthesia  by  means  of  cocain,  and  then  to  proceed  with  the  suprapubic 
cystotomy  at  once.  It  must  be  remembered  that  the  latter  is  merely  a 
palliative  measure,  relieving  the  retention  of  urine,  placing  the  bladder  at 
rest,  and  permitting  the  patient,  in  the  course  of  a  few  weeks,  to  regain 
sufficient  strength  and  vigor  to  undergo  the  ordeal  of  a  perineal  urethrot- 
omy. In  several  instances  in  which  this  method  of  treatment  was  adopted 
it  was  found,  when  the  time  came  for  operating  upon  the  urethra,  that 
what  was  originally  regarded  as  an  impassable  stricture  could  now  be 
dilated  by  the  ordinary  means,,  or  at  least  sufficiently  stretched  to  permit 
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of  the  passage  of  the  grooved  urethral  staff,  so  that  perineal  urethrotomy 
could  readily  be  performed  by  means  of  the  guide.  When  the  bladder  is 
distended,  the  operation  of  suprapubic  cystotomy  is  a  simple  procedure 
that  may  be  accomplished  in  about  three  minutes.  If,  on  the  other  hand, 
the  viscus  is  contracted  and  contains  but  little  urine,  the  dissection  is  more 
difficult,  and  care  must  be  observed  not  to  injure  the  peritoneum.  If 
this  accident  occurs,  the  wound  should  be  closed  immediately  by  a  con- 
tinuous catgut  suture,  and  surrounded  with  iodoform  gauze  to  prevent 
infection.  The  opening  in  the  bladder  should  be  sufficiently  large  to 
permit  the  introduction  of  the  index-finger,  by  means  of  which  the  vesical 
outlet  is  easily  located,  and  either  a  silver  catheter  or  a  steel  bougie  is 


Fig.  300. — Rktrooradk  CATH^rrERizATioN  and  the  Location  or  the  Posterior  Limit  of  thk 

Stricture. 
The  operator  ia  in  the  act  of  exposing  the  end  of  the  sound  through  a  median  perineal  incision. 


passed  alongside  of  the  finger,  serving  to  guide  the  beak  of  the  instrument 
into  the  prostatic  urethra,  whence  it  is  carried  outward  until  the  tip  of  the 
instrument  protrudes  in  the  perineal  wound;  this  will  at  once  locate  the 
proximal  end  of  the  canal.  The  dilating  perineal  staff  is  now  passed 
through  the  meatus  into  the  urethra,  and  carried  downward  until  it  comes 
in  contact  with  the  anterior  portion  of  the  stricture;  the  instrument  in 
front  locates  the  position  of  the  urethra  in  front  of  the  obstruction,  whereas 
the  one  passed  through  the  vesical  outlet  into  the  perineum  establishes 
the  proximal  end  behind  the  stricture.  With  these  two  landmarks  show- 
ing the  exact  position  of  the  urethra  both  in  front  of  and  behind  the  co- 
arctation, restoration  of  the  continuity  of  the  canal  is  easily  accomplished. 
In  stout  men  it  may  be  difficult  to  reach  the  vesical  orifice  through  a 
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suprapubic  incision.  In  such  cases  either  the  instrument  devised  by 
Guyon  for  the  purpose  or  the  overcurved  prostatic  catheter  of  Brodie  may 
be  employed.  If  neither  of  these  instruments  is  available,  a  rectal  rubber 
bag  may  be  inserted  and  filled  with  ten  ounces  of  water;  this  lifts  the 
vesical  neck  well  upward  and  places  it  within  easy  reach  of  the  finger. 

Urethrectomy. — This  operation  is  chiefly  performed  in  those  cases 
of  traumatic  stricture  that  have  been  repeatedly  operated  upon  without 
achieving  permanent  success,  and  in  those  in  which  the  perineum  is 
practically  a  dense  mass  of  cicatricial  tissue  or  is  riddled  with  sinuses. 
The  excision  may  be  either  partial  or  complete. 

In  performing  partial  urethrectomy  the  incision  is  made  in  the  median 
line.  All  the  cicatricial  tissue  in  the  perineum  is  excised,  and  the  urethra 
exposed  both  above  and  below  the  seat  of  occlusion.  The  urethra  is  now 
incised  and  examined,  in  order  to  determine  the  extent  to  which  the 
urethral  walls  are  involved  in  the  cicatricial  mass.  If  only  the  lateral 
walls  and  the  floor  are  implicated,  these  portions  are  resected,  leaving  the 
roof  intact.  A  soft  catheter  is  inserted  through  the  meatus,  and  allowed 
to  remain  in  the  urethra  until  the  new  canal  has  formed. 

Total  urethrectomy  in  which  a  segment  of  the  entire  canal  is  removed 
is  usually  performed  only  for  the  relief  of  traumatic  strictures.  If  more 
than  25  mm.  must  be  removed,  the  ends  of  the  tube  cannot  be  approx- 
imated; if  less  than  this  is  resected,  the  ends  of  the  tube  can  usually  be 
brought  into  apposition  by  means  of  four  interrupted  catgut  sutures,  which 
should  not,  however,  pass  through  the  mucous  membrane.  It  is  almost 
impossible  to  introduce  a  suture  through  the  superior  wall.  If  it  is  found 
impossible  to  anastomose  the  cut  ends  of  the  urethra,  an  attempt  should 
be  made  to  construct  a  urethra  over  the  catheter;  if  this  cannot  be  done, 
a  catheter  should  be  introduced  and  allowed  to  remain  in  situ,  in  the  hope 
that  the  resected  portion  will  be  reformed.  In  three  cases  Wolfler  trans- 
planted the  mucous  membrane  dissected  from  a  prolapsed  uterus.  In 
four  cases  I  have  employed  successfully  the  preputial  lining  of  the  fore- 
skin immediately  after  circumcision.  In  case  of  permanent  fistula  in 
the  perineum,  or  where  a  portion  of  the  urethra  has  been  destroyed  by 
traumatism,  or  in  resilient  strictures  that  recontract  immediately  after 
operation,  the  following  method,  suggested  by  Poncet,  is  useful:  An 
external  perineal  urethrotomy  is  performed;  the  proximal  end  of  the 
urethra  is  exposed  and  sutured  to  the  lower  angle  of  the  wound,  and 
the  distal  part  of  the  urethra  is  closed.  In  the  cases  so  operated  upon  by 
me  there  was  no  incontinence  or  further  trouble  from  urinary  obstruc- 
tion, the  only  inconvenience  being  that  the  sitting  posture  had  to  be  as- 
sumed in  emptying  the  bladder. 

Electrolysis. — This  method  of  treatment  has  never  found  favor, 
the  only  benefit  that  accrues  from  its  employment  being  the  gradual 
dilatation  produced  by  the  introduction  of  the  electrode.  The  method 
not  infrequently  results  in  the  development  of  urethritis,  prostatitis,  cys- 
titis, and  epididymitis. 
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ACQUIRED  URETHRAL  FISTULA. 

Urethral  fistulas  are  classified  according  to  the  position  of  their  open- 
ing and  the  course  pursued  by  the  urinary  tract.  The  various  forms  en- 
countered are  the  urethropenile,  urethroperineal,  urethroperineoscrotal, 
urethrorectal,  and  urethroperineorectal.  The  cutaneous  opening  is 
usually  observed  on  the  under  surface  of  the  body  of  the  penis,  scrotum, 
or  perineum,  but  it  has  occasionally  been  found  on  the  posterior  portion 
of  the  buttocks,  the  thigh,  in  the  region  of  the  hip,  or  on  the  lower  portion 
of  the  abdomen.  The  opening  may  be  so  contracted  that  a  fine  wire  can 
be  inserted  only  with  difficulty,  or,  on  the  other  hand,  the  loss  of  tissue 
may  render  the  opening  quite  extensive.  The  number  and  size  of  the 
cutaneous  orifices  depend  on  their  situation,  their  cause,  and  on  whether 
the  condition  is  recent  or  has  persisted  for  some  time.  The  tract  may  be 
short  and  straight,  leading  directly  down  to  the  urethra,  or  it  may  be 
tortuous,  forming  a  long  subcutaneous  channel. 

Among  the  conditions  that  may  give  rise  to  the  formation  of  a  ure- 
thral fistula  are  stricture  of  the  urethra;  abscess  of  Littr^'s  glands;  peri- 
urethral abscess;  phagedenic  venereal  ulcers;  rupture  of  the  urethra 
followed  by  extravasation  of  urine;  suppurating  gummata  of  the  body  of 
the  organ;  traumatism;  strangulation  of  the  penis  due  to  gangrene  aris- 
ing from  the  presence  of  a  constricting  band,  and  impaction  of  a  foreign 
body,  such  as  a  calculus,  in  some  portion  of  the  canal. 

Perineal  and  scrotal  fistula  most  commonly  results  from  stricture 
or  rupture  of  the  urethra  or  from  the  lodgment  of  a  calculus  in  either 
the  deep  portion  of  the  canal  or  the  prostate  gland;  occasionally  it  may 
follow  in  the  wake  of  an  abscess  of  the  perineum,  the  prostate,  or  Cow- 
per's  glands,  or,  very  rarely,  it  may  result  from  traumatism. 

Urethrorectal  or  urethroperineal  fistulas  are  of  very  rare  occur- 
rence as  compared  with  other  forms.  They  have  been  known  to 
follow  fracture  of  the  pelvis,  extension  of  malignant  growths  from 
neighboring  structures,  tuberculous  or  malignant  growths  of  the  urethra 
or  of  Cowper's  or  the  prostate  gland,  impacted  calculi,  and  occasionally 
they  are  known  to  occur  after  operations  upon  the  perineum.  Rectal 
abscess  associated  with  hemorrhoids  has  sometimes  resulted  in  the  forma- 
tion of  a  fistulous  communication  between  the  urethra  and  the  rectum. 

Urethropenile  Fistula. — ^Traumatism  or  gangrene  due  to  constric- 
tion of  the  organ  has  occasionally  resulted  in  the  formation  of  a  fistula  of 
the  penile  urethra.  The  most  common  causes  are  periurethral  abscess, 
resulting  from  a  gonorrheal  infection  of  Littr6's  glands,  stricture  of  the 
urethra,  and  sloughing  venereal  ulcers.  In  such  cases  the  fistulous  tract 
is  usually  single,  running  obliquely  from  behind  forward;  occasionally  it 
is  perpendicular  to  the  axis  of  the  organ.  It  is  always  short  and  straight. 
The  tissue  of  the  corpus  spongiosum  becomes  atrophied,  resulting  in  the 
external  and  internal  orifices  being  frequently  nearly  opposite  each  other, 
the  skin  and  mucous  membrane  of  the  canal  being  in  contact.  The  in- 
ternal orifice  is  usually  the  larger,  and  is  a  funnel-shaped  opening,  taper- 
ing down  to  form  the  canal.     In  a  recent  fistula  the  walls  are  soft  and 
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yielding,  being  free  from  induration.  In  cases  of  long  standing  they  be- 
come hard  and  callous,  forming  an  induration  that  feels  not  unlike  a  cord. 
The  opening  is  often  so  markedly  contracted  as  barely  to  admit  the  in- 
troduction of  a  fine  wire;  on  the  other  hand,  it  may  be  from  one-half  to 
six  centimeters  or  more  in  diameter.  Fistulas  in  this  situation  seldom 
have  either  prolongations  or  diverticula.  When  the  external  orifice  is 
large,  the  skin  is  intimately  adherent  to  the  mucous  membrane  and  is 
practically  continuous  with  it. 

Symptoms. — ^The  symptoms  are  so  evident  that  no  difficulty  should 
be  experienced  in  making  a  diagnosis.  When  the  orifice  is  very  small  and 
the  canal  contracted,  a  doubt  may  exist  as  to  whether  or  not  the  tract 
communicates  with  the  urethra.  This  may  be  determined  by  covering 
the  orifice  with  a  piece  of  linen  and  directing  the  patient,  while  passing  the 
urine,  to  interrupt  the  flow  by  making  compression  just  in  front  of  the 
orifice.  If  a  communication  with  the  urethra  exists,  the  urine  will  be 
forced  through  the  canal  and  stain  the  linen.  In  order  to  determine  the 
length  and  course  of  the  tract  a  bougie  should  be  introduced  into  the 
urethra  and  the  canal  explored  by  means  of  either  a  fine  wire  or  a  filiform 
bougie.  When  the  orifice  of  the  fistula  is  comparatively  large,  the  only 
symptom  will  be  an  interference  with  micturition  and  ejaculation. 

Treatment. — ^This  consists  in  removing  the  cause  and  restoring  the 
urethra  to  its  normal  condition.  Any  obstruction  due  to  stricture  should 
be  removed,  and  chronic  inflammatory  lesions  should  receive  proper 
treatment.  In  recent  cases  of  fistula  with  narrow  channel  and  small 
orifice,  gradual  dilatation,  together  with  continuous  catheterism,  should 
first  be  employed.  Fistulas  of  this  type  frequently  close  spontaneously 
as  soon  as  the  condition  that  gave  rise  to  them  is  removed.  A  fistulous 
tract  of  small  dimensions,  resulting  from  a  periurethral  abscess,  should 
be  injected  with  silver  nitrate  solution,  5  grains  to  the  ounce.  Three 
drops  should  be  instilled  into  the  canal  by  means  of  a  hypodergiic  syringe 
having  a  blunt  needle.  Should  this  fail,  the  tract  may  be  cauterized, 
preferably  by  means  of  fine  wire  heated  to  a  dull  red  and  introduced  into 
the  sinus.  If  these  methods  prove  unavailing,  or  if  the  orifice  is  so  large 
as  to  preclude  the  employment  of  injections  or  of  cauterization,  either 
urethrorrhaphy  or  urethroplasty  must  be  resorted  to. 

Urethrorrhaphy. — ^This  operation  is  indicated  only  in  certain  selected 
cases,  plastic  operations  being,  as  a  rule,  far  more  satisfactory  and  giving 
better  results.  When  the  orifice  is  large  and  the  skin  and  raucous  mem- 
brane are  intimately  adherent,  or  when  a  considerable  portion  of  the  floor 
of  the  urethra  has  been  destroyed,  urethroplasty  is  to  be  preferred,  for 
even  if  urethrorrhaphy  is  successfully  performed,  a  narrowing  of  the  lumen 
of  the  urethra  sufficient  to  cause  obstruction  would  be  sure  to  follow. 
The  method  suggested  by  Voillemier  is  very  satisfactory,  but  in  place  of 
the  shotted  suture  that  he  advises  I  employ  silkworm-gut.  The  skin  and 
subcutaneous  tissues  are  freshened  for  about  half  a  centimeter  around  the 
fistulous  opening,  and  the  denuded  surfaces  approximated  by  means  of 
interrupted  sutures  of  silkworm-gut.  Continuous  catheterism  should  be 
maintained  until  the  wound  has  healed  and  the  sutures  are  removed. 
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Of  the  plastic  operations,  that  recommended  by  Thiersch  for  the  re- 
lief of  epispadias  (see  p.  501)  has  given  most  satisfaction.  A  modification 
of  the  Thiersch  method  has  been  suggested  by  Szymanowski,  and  has 
found  favor. 

Szymanowski  Operation. — An  incision  is  made  at  a  point  slightly 
beyond  the  upper  end  of  the  fistulous  opening,  on  the  right  side,  and  car- 
ried downward  along  the  mucocutaneous  margin  of  the  orifice  until  it 
reaches  a  little  beyond  the  lowest  point  of  the  mouth  of  the  canal.  A  sub- 
cutaneous flap  is  then  made,  which  is  dissected  in  such  manner  that  a  pocket 
is  formed  that,  when  completed,  will  receive  and  cover  the  cutaneous  flap 
raised  from  the  opposite  side.  An  incision  is  likewise  made  on  the  left 
side,  beginning  at  the  same  point  where  the  incision  on  the  right  began, 
and  carried  downward  until  it  meets  the  lowest  point  of  the  incision  on 
the  opposite  side.  A  flap  is  then  dissected  backward  until  the  muco- 
cutaneous margin  of  the  fistulous  opening  is  reached.  When  completed, 
it  should  be  semi-elliptic  in  shape,  and  of  sufficient  breadth  to  cover  over 
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the  opening  of  the  urethra  and  fit  into  the  bottom  of  the  pocket  made  by 
the  subcutaneous  flap  of  the  right  side.  The  flap  is  then  everted,  turned 
under  the  subcutaneous  flap  of  the  opposite  side,  and  stitched  to  the 
bottom  of  the  pocket  by  means  of  interrupted  fine  silk  sutures.  The 
subcutaneous  flap  is  then  carried  across  and  sutured  to  the  margin  of  the 
incision  in  the  skin  on  the  left  side.  As  soon  as  the  plastic  work  is  com- 
pleted, perineal  drainage  should  be  instituted  and  maintained  until  the 
sutures  are  removed. 

Neglected  strictures  of  the  penile  urethra  of  small  caliber  are  fre- 
quently associated  with  multiple  fistulas  of  narrow  lumen  and  having 
contracted  orifices.  In  such  cases  the  obstruction  of  the  urethra  must  be 
relieved  by  means  of  a  combined  internal  and  external  peri-urethrotomy, 
after  which  the  sinus  should  be  freely  laid  open  and  scraped  by  means  of 
a  sharp  curet,  packed  with  gauze,  and  allowed  to  heal  by  granulation. 
Perineal  drainage  should  be  continued  until  the  communication  between 
the  fistulous  tract  and  the  urethra  is  closed. 
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Urethroscrotal  and  Urethroperineal  Fistulas.— This  form  of 
fistula  is  more  common  than  that  of  the  penile  variety.  At  the  begin- 
ning the  fistula  is  usually  single,  but  in  long-standing,  neglected  cases 
multiple  fistulas  occur.  The  cutaneous  outlet  is  generally  very  markedly 
contracted,  interfering  with  drainage  and  resulting  in  pus  and  urine  being 
retained  in  the  canal,  giving  rise  to  what  is  known  as  a  urinary  abscess, 
which  in  its  turn  burrows  along  the  course  of  least  resistance,  and  dis- 
charges, thus  establishing  a  new  channel.  The  tract  may  be  straight,  but 
more  frequently  it  is  quite  long  and  tortuous,  having  diverticula,  the  result 
of  abscess  formation.  At  the  beginning  the  canal  is  lined  with  a  very 
adherent  plastic  lymph,  which,  as  the  result  of  long-standing  irritation 
and  chronic  inflammation,  becomes  converted  into  channels  that  are 
narrow,  and  the  walls  of  which  are  composed  of  hard  fibrous  connective 
tissue  that  on  palpation  feel  not  unlike  a  thick  cord.  The  external  orifice 
is  much  smaller  than  the  internal  opening,  the  former  being  not  infre- 
quently multiple  in  number,  whereas  the  internal  is  usually  single.  Oc- 
casionally a  number  of  openings  have  been  observed  in  the  deep  urethra 
that  lead  into  a  series  of  channels  that  often  unite  into  one  main  trunk, 
a  little  distance  from  the  urethra.  Urethral  fistulas  sometimes  open  into 
the  groin,  thigh,  buttock,  knee,  loin,  and  lower  abdomen.  The  size  and 
condition  of  the  orifice  are  usually  dependent  on  the  length  of  time  the 
opening  has  existed.  In  recent  cases  it  is  comparatively  large,  and  the 
tissues  are  soft  and  yielding;  in  long-standing  cases,  however,  the  opening 
becomes  so  much  contracted  that  a  bristle  can  hardly  be  inserted.  The 
edges  of  the  opening  become  indurated,  and  the  mouth  filled  with  small, 
pin-point-sized  granulations. 

Symptoms. — A  urethral  fistula  is  always  accompanied  by  the  presence 
of  an  irritating  mucopurulent  discharge.  The  constant  leakage  of  pus 
and  decomposed  urine  from  the  sinus  may  set  up  a  chronic  dermatitis 
about  the  fistulous  opening,  which  becomes  red  and  pouting.  Sometimes 
the  opening  may  be  concealed  by  a  fold  of  thickened  epidermis.  In 
chronic  cases  the  skin  of  the  scrotum  and  perineum  becomes  excoriated, 
and  a  low  grade  of  inflammation  is  set  up,  which  gives  rise  to  a  discharge 
having  a  fetid  odor.  In  the  course  of  time  the  cutaneous  tissue  of  the 
scrotum  and  perineum  undergoes  enormous  hypertrophy,  becoming  con- 
verted into  a  mass  of  fibrous  tissue  so  extensive  as  almost  entirely  to  con- 
ceal the  penis  from  view.  The  condition  is  sometimes  described  as 
*'  pseudo-elephantiasis.'^ 

Besides  the  objective  symptoms  just  described,  there  is  more  or  less 
leakage  of  urine  through  the  fistulous  openings.  As  a  rule,  the  diagnosis 
is  easily  made.  When  the  fistulas  are  numerous  and  the  urethra  is  almost 
impermeable,  almost  all  the  urine  will  be  discharged  through  the  various 
openings  in  the  form  of  a  spray,  much  resembling  the  water  poured  through 
the  sprinkler  of  a  watering-pot.  When  the  flow  of  urine  is  only  partially 
obstructed  and  the  fistulous  tract  is  of  recent  formation,  but  a  few  drops  of 
urine  will  find  their  way  through  the  channel  during  micturition.  In 
doubtful  cases  either  the  pressure  test,  which  has  previously  been  de- 
scribed, or  the  methylene-blue  test  may  be  employed;  in  the  latter  the 
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blue  color  of  the  urine  that  leaks  through  the  sinus  will  at  once  discloi 
the  fact  that  a  communication  with  the  urethra  exists. 

Treatment. — Autoplastic  operations  in  this  variety  of  fistula  are  s 
dom,  if  ever,  applicable.  In  a  certain  proportion  of  such  cases — in  fa 
in  most  strictures — a  spontaneous  cure  takes  place  as  soon  as  the  cai 
that  gave  rise  to  the  condition  is  removed.  The  first  step  in  the  trei 
ment,  therefore,  aims  to  discover  the  cause  and  remove  it,  if  possib 
The  caliber  of  the  urethra  must  be  restored  to  its  normal  dilatability. 
an  obstruction  due  to  stricture  exists,  gradual  dilatation,  when  possib 

should  be  resorted  to,  to  be  f 
Ik'  ^^BTi        \       ^H^^  lowed  by  continuous  catheteris 

^        ^ylk/      I       ^^^  in  the  hope  of  preventing  t 

urine  from   coming  in   contjj 
with  the  fistulous  opening,  ai 
thus  permitting  it  gradually 
close.     While    this    method 
treatment  has  eflfected  a  cure 
a  small  percentage  of  cases,  c 
perience  has  taught  me  that 
combined  external  and  interi 
perineal  urethrotomy  should 
performed   and  the    sinus    h 
open,   scraped,  and   continue 
catheterism  instituted  until  t 
communication     between      t 
sinus  and  the  urethra  has  1 
come  obliterated. 

Urethrorectal  and  Ui 
throperineorectal  Fistulas. 
The  internal  opening  of  the  \ 
tula  may  be  either  in  the  me; 
branous  or  in  the  prostatic  p< 
tion  of  the  urethra,  the  fom: 
site  being  the  most  commc 
When  the  orifice  is  in  the  pn 
tatic  urethra,  it  will  be  found 
either  side  of  the  verumontanu 
The  fistulous  tract  is  usual 
single,  making  a  direct  communication  between  the  rectum  and  the  urethi 
it  may  be  bifurcated,  one  branch  communicating  with  the  rectum  and  t 
other  with  the  skin  of  the  perineum.  The  channel  runs  obliquely  frc 
behind  forward,  the  internal  opening  being  at  a  higher  level  than  the  e 
temal.  The  walls  of  the  fistula,  especially  in  long-standing  cases,  a 
indurated,  callous,  and  sometimes  nodular.  The  opening  is  usually 
markedly  contracted  that  a  fine  probe  may  be  introduced  only  wi 
difficulty;  or,  on  the  other  hand,  when  a  considerable  sloughing  of  t 
urethrorectal  septum  has  taken  place,  the  orifice  may  assume  consideral 
dimensions. 


Fio.  302. — ^Tuttle'b  Operation  for  Fistula. 

Rectum  and  perineum  incised  to  expose  recto- 

urethral  fistula. 
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Symptoms. — The  irritation  produced  by  contact  with  the  urine  fre- 
itly  causes  excoriation  of  the  skin  of  the  perineum,  buttocks,  and 
IS.  The  mucous  membrane  of  the  rectum  is  always  more  or  less 
ested  and  inflamed.  Prostatitis  is  more  marked  in  cases  of  urethro- 
al  fistula  than  when  a  communication  exists  between  the  urethra  and 
ectum.  The  fistulous  opening  in  the  rectum  is  usually  situated  just 
e  the  sphincter  ani.  It  may  be  difficult  to  find,  being  covered  by  a 
3f  mucous  membrane.  When  visible,  it  presents  a  slightly  elevated 
arance,  the  opening  being  covered  by  pin-point-sized  granulations, 
nost  marked  symptom  is  the  leakage  of  urine  from  the  fistulous  open- 
uring  micturition.  The  amount  of  urine  discharged  in  this  way  will 
id  on  the  size  of  the  fist- 
outlet.  When  the  ori- 
5  very  much  contracted, 
I  few  drops  will  be  passed 
ime,  but  if  the  opening  is 
,  a  considerable  amount 
rine  will  be  discharged 
the  rectum  during  mic- 
ion,  which  may  slowly 
)le  away,  be  retained,  or 
times  be  passed  during 
nation.  Occasionally  gas 
pal  matter  finds  its  way 
the  urethra ;  in  the  latter 
impaction  may  occur, 
g  rise  to  urethral  ob- 
tion.  The  diagnosis  of 
form  of  fistula  is  easily 
''  from  the  histor>%  the 
'toms,  and  by  means  of 
I  palpation  and  explora- 
)f  the  fistulous  tract;  for 
atter  purpose  a  metal 
e  is  inserted  into  the 
ra  and  a  Sims  speculum 

luced  and  the  rectum  inspected.  The  opening  can  usually  be  readily 
vered  and  explored  either  by  means  of  a  fine  probe  or  a  filiform  bougie, 
reatment. — In  this  form  of  fistula  a  spontaneous  cure  is  rarely 
ed.  In  recent  traumatic  cases  or  following  suppuration  that  is  not 
0  a  tuberculous  infection  a  cure  may  follow  removal  of  any  existing 
ral  obstruction,  and,  by  means  of  continuous  catheterism,  protecting 
istula  from  the  entrance  of  urine,  intestinal  gas,  and  fecal  matter, 
operative  interference  has  resulted  in  a  large  percentage  of  failures, 
3est  first  to  resort  to  palliative  measures.  Fistulas  resulting  from  a 
■culous  process  or  malignant  growths  are  not  amenable  to  treatment. 
?al  experience  has  shown  that  the  employment  of  stimulants,  such  as 
r  and  copper,  or  the  use  of  the  actual  cautery,  is  of  little  avail. 


Fio.  303. — ^Tuttle's  Operation  for  Fistula. 
Recto-urethral  fistula  and  wound  in  the  rectum  closed. 


586 


SURGERY  OF  THE  PENIS  AND  URETHRA. 


The  indications  are  twofold:  first,  to  remove  any  obstructions  of 
urethra  that  may  exist,  and,  second,  to  obliterate  the  fistulous  op>en 
This  can  best  be  accomplished  by  the  technic  suggested  by  Tuttle. 

Tuitle's  Operation. — The  patient  is  placed  in  the  lithotomy  posit 
An  incision  is  made  in  the  median  line  of  the  superior  wall  of  the  reel 
from  behind  forward,  and  carried  upward,  dividing  the  urethra, 
thence  outward,  incising  the  perineum,  until  the  junction  of  the  perine 
and  scrotum  is  reached.  By  means  of  scissoi's  the  cicatricial  tissue  i 
rounding  the  urethra  is  trimmed  away,  after  which  the  intestinal  wa 

dissected  for  thi-ee-quarters 
an  inch  l)eyond  the  fistula, 
likewise  freed  for  a  half-inch 
each  side.  Next  a  flap  is 
sected  from  the  soft  tissues  f 
each  side  of  the  urethra  h 
enough  to  replace  the  portio 
the  floor  of  the  canal  that 
been  destroyed.  A  st^  soi 
No.  30  French,  is  passed  thi-o 
the  urethra  down  to  the  bhul 
over  which  the  flaps  are  sutu 
thus  forming  the  new  ca 
Secondary  flaps  are  then  out 
of  the  first  flaps,  and  enti 
surrounding  them,  making  a 
of  cuff  to  the  first  area  sutu 
The  edges  of  the  rectal  wall 
sutured  in  all  their  thick 
down  to  the  external  sphin< 
employing  chromicized  ca 
for  the  purpose.  At  this  p 
the  mucous  membrane  is 
sected  loose  for  a  short  distj 
on  each  side,  and  drawn  toge 
by  stitches  so  inserted  as  tc 
elude  the  muscles.  The  inci 
into  the  urethra  just  below 
site  of  the  fistulous  openin 
left  unsuturcd.  A  soft-rubber  catheter  is  introduced  through  the  me 
into  the  bladder  and  fastened  so  that  it  will  not  slip  out.  The  Ic 
portion  of  the  wound  is  closed  by  interrupted  sutures.  The  ant< 
portion  of  the  perineal  incision  is  loosely  packed  with  gauze,  an 
large  drainage-tube  introduced  into  the  rectum  to  facilitate  the  es( 
of  gas.     (See  Figs.  302,  303,  and  304.) 
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Fio.  304. — Tuttle's  Operation  for  Fistula. 
Final  step  in  operation  for  recto-urethral  fistula. 
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CHAPTER  LXI. 

SURGERY  OF  THE  SCROTUM,  TESTICLE,  SPERMATIC  COI 
AND  SEMINAL  VESICLES. 

By  Arthur  Dean  Bevan,  M.D., 

CHICAGO. 

SURGICAL  ANATOMY  AND  EMBRYOLCX^Y. 

Before  taking  up  the  consideration  of  the  surgery  of  this  special  regi 
it  seems  important  to  give  a  brief  review  of  the  anatomic  and  embryolc 
facts,  which  have  a  cHnical  bearing.  The  scrotum  consists  of  and  c 
tains  the  following  layers  of  tissue: 


Right  inguinal  canat 
(opened) 


Cremasteric  muscle  and 
faJK;ia 

Intercolumnar  fascia 
Dartoe 


Persistent  serous  ci 
around  cord  (ej 
tional) 


Tunica  vaginalis, 
parietal  layer 

Infundibulifonn  fa 


Right  half  of  scrotum 


Skin 


Left  half  of  scrotum 


FiQ.  305. — Anatomy  of  the  Scrotum  (Testut). 
On  the  left  side  the  cavity  of  the  tunica  vaginalis  has  been  opened;   on  the  right  side  only  the  Ii 
superficial  to  the  cremaster  have  been  removed. 

The  skin,  which  is  thin  and  elastic,  is  pigmented  and  marked  by  a  1 
gitudinal  raph^  and,  when  contracted,  by  transverse  ridges. 

The  dartos,  which  is  the  superficial  fascia  of  the  scrotum,  is  pecu 
in  being  elastic,  in  containing  no  fat,  and  in  containing  muscle-fib 
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which  when  contracted  give  the  scrotum  its  corrugated  appearance.  The 
intercolumnar  fascia  is  a  thin  layer  of  connective  tissue  lining  the  dartos. 
It  is  continuous  with  the  intercolumnar  fascia  at  the  external  inguinal 
ring. 

The  cremasteric  fascia,  which  contains  the  long,  pale,  looped  bundles 
of  the  cremasteric  muscle. 

The  infundibuliform  fascia  is  a  prolongation  of  the  transversalis  fascia. 
The  tunica  vaginalis  is  derived  from  the  peritoneum,  and  consists  of  a 
visceral  portion  closely  adherent  to  the  testicle,  and  a  parietal  portion 
which  normally  forms  a  closed  sac  situated  in  front  of  the  testicle.  In 
Fig.  305  the  normal  tunica  vaginalis  is  shown  surrounding  the  t^tis. 
Above  and  in  front  of  the  cord  is  depicted  a  persistent,  serous  cavity.  This 
cavity  normally  undergoes  obliteration;  it  persists  only  in  such  conditions 
as  hernia  or  hydrocele  of  the  cord. 

The  testicle  (Fig.  306)  consists  of  a 
fibrous  covering,  the  tunica  albuginea, 
which  gives  off  numerous  septa  dividing 
the  secreting  structures  of  the  gland 
into  a  number  of  lobules.  Each  lobule 
contains  several  seminiferous  canals, 
from  the  epithelium  of  which  the  sper- 
matozoa develop.  These  several  canals 
unite  to  form  a  straight  tube,  and  these 
straight  tubes  empty  into  channels  in 
the  mediastinum,  and  from  here  the 
secretion  passes  into  the  epididymis 
through  ten  or  fifteen  canals  called  the 
vasa  efferentia. 

These  vasa  efferentia  form  the  head 
of  the  epididymis  and  empty  into  the 
single  canal  of  the  body  of  the  epi- 
didymis. This  is  a  long  tube,  ten  to 
twenty  feet  in  length,  coiled  up  in  the 

short  space  of  the  body  and  tail  of  the  epididymis.  At  the  tail  the  con- 
voluted tube  straightens  out  and  becomes  the  canal  of  the  vas  deferens. 
A  number  of  small,  embryologic  remains  are  found  in  connection  with 
the  testicle  and  epididymis;  these  are  to  be  noted,  as  they  at  times  give 
rise  to  cysts  and  other  pathologic  conditions.  These  embr^'^ologic  remains 
are  the  pedunculated  and  sessile  hydatids  of  Morgagni,  the  organ  of 
Giraldes,  the  vas  du  rete,  and  the  vas  aberrans. 

The  spermatic  cord  is  a  composite  structure  composed  of  the  vas  defer- 
ens (Fig.  307),  the  artery  of  the  vas,  the  veins  of  the  vas,  the  spermatic  ar- 
ter}'  and  spermatic  veins  proper,  the  sympathetic  nerves,  and  the  lymph- 
atics; these  are  all  surrounded  by  the  infundibuliform  fascia,  the  cremasteric 
fascia  and  muscle,  and  the  intercolumnar  fascia.  A  study  of  the  blood- 
supply  of  the  cord  is  important.  It  is  to  be  noted  that  the  testicle  is  sup- 
plied by  two  arteries,  the  spermatic,  a  branch  from  the  aorta,  and  the  artery 
of  the  vas,  a  branch  from  the  superior  or  middle  vesical  artery.    These 


Flo.30fj  —  III\f,ii^Moi-  TkhtIllk,  PttnTj^R 
AND  Epididtmib  (Tcstut). 
1,  Tunica  albuKinea;  2,  trabecula:  3. 
lobule;  4,  mediastinum  with  rete;  5,  ef- 
ferent cones;  6,  6,  epididjanis;  7,  vaa 
aberrans;  8.  vas  deferens. 
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arteries  anastomose  freely,  and  it  has  been  shown  by  clinical  results,  as  in 
operations  for  varicocele,  and  by  laboratory  experiment  that  either  one 
can  be  ligated  without  interfering  with  the  function  of  the  testicle. 

The  anterior  group  of  veins  which  accompany  the  spermatic  artery,  the 
spermatic  veins  proper,  is  the  one  chiefly  involved  in  varicocele.  These 
veins  empty  on  the  right  side  into  the  ascending  vena  cava  and  on  the  left 
into  the  renal  vein.  This  difference,  and  the  fact  that  the  left  vein  has 
resting  upon  it  the  sigmoid  flexure,  furnishes  the  anatomic  explanation  of 

the  great  frequency  of  varicocele 
on  the  left  side  as  compared  with 
the  right. 

The  posterior  group  of  veins 
accompanying  the  vas  is  not  much 
involved  in  varicocele.  These 
veins  anastomose  freely  with  the 
other  group  and  empty  for  the 
most  part  into  the  deep  epigastric 
veins.  In  the  operation  for  vari- 
cocele a  section  of  the  anterior 
group  of  veins  and  a  section  of  the 
spermatic  artery  are,  as  a  rule,  re- 
moved, the  artery  and  veins  of  the 
vas  which  are  quite  capable  of 
carrying  on  the  circulation  of  the 
testis  being  untouched.  (See  op- 
eration for  varicocele.) 

The  vas  is  from  fifteen  to  twenty 
inches  in  length ;  it  can  readily  be 
distinguished  from  the  other  struc- 
tures in  the  cord  by  its  hard,  firm 
consistency.  It  enters  the  abdom- 
inal cavity  through  the  inguinal 
canal  and  at  once  leaves  the  sper- 
matic vessels  and  makes  a  wide 
sweeping  curve  down  into  the  pel- 
vis to  reach  the  lateral  surface  of 
the  bladder.  It  then  winds  to  the 
under  surface  of  the  bladder,  where 
it  becomes  dilated  into  the  ampulla 
of  Henle,  lying  internal  to  the 
seminal  vesicles  and  in  close  con- 
tact with  the  anterior  wall  of  the  rectum.  The  vas  unites  with  the 
seminal  vesicle  to  form  the  common  ejaculatory  duct  (Fig.  308). 

The  seminal  vesicles  are  two  small,  lobulated  reservoirs  for  semen  situ- 
ated on  the  under  surface  of  the  bladder.  They  are  about  two  inches  in 
length  and  half  an  inch  in  width.  When  enlarged  or  indurated  by  some 
pathologic  process,  as  abscess  or  tuberculosis,  they  can  be  felt  by  the  pal- 
pating finger  in  the  rectum  just  above  the  prostate. 


Fio.     307. — Elementb    of    the    Spermatic 

Cord  (Campbell). 

A,  Vas  deferens;      B,  spermatic  artery;      C, 

spermatic  veiDB. 
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The  Descent  of  the  Tes- 
ticle.— In  the  first  few  months 
of  fetal  life  the  testicle  is  situ- 
ated in  the  abdominal  cavity 
below  the  kidney  and  behind 
the  peritoneum.  Attached  to 
its  lower  pole  is  a  mass  of 
elastic  and  muscular  tissue, 
called  the  gubemaculum  tes- 
tis, which  passes  through  the 
inguinal  canal  to  the  bottom 
of  the  scrotum. 

In  the  process  of  develop- 
ment a  bud  or  process  of 
peritoneum  passes  out  of  the 
inguinal  canal  in  front  of  the 
gubernaculum  into  the  scro- 
tum. The  gubernaculum 
chains  the  testicle  to  the  scro- 
tum. When  the  fetus  is  a 
very  small  organism  the  dis- 
tance from  the  kidney  to  the 
scrotum  is  but  a  fraction  of 
an  inch.     As  the  fetus  grows 


J  ^ 


FiQ.  308. — Seminal  Vesicles  and  Va8\  Defer- 
ENTiA,  Posterior  View  (Testut). 
1,  Bladder;  2,  prostate:  3,  3',  seminal  vesicles; 
4,  4',  vasa  deferentia;  5,  ejaculatory  duct«;  6,  6', 
ureters;  7,  7,  perivcaicular  cul-de-sac  of  peritoneum; 
8,  interdeferential  triangle,  in  direct  relation  with 
the  rectum,  from  which  it  is  separated  only  by  the 
proetatoperitoneal  aponeurosis.  The  two  crosses 
(+  +)  indicate  the  points  at  which  the  ureters  dis- 
appear in  the  vesical  wall. 


to  become  the  child  at  term,  the  testicle 


Fio.  309. — DEftCENT  OF  THE  Testicle  IN  Three  Stages. 
The  process  of  peritoneum  and  the  gubernaculum  testis  preceding  the  testicle  into  the  scrotum. 


gradually  descends  from  its  original  position  below  the  kidney,  enters 
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and  passes  through  the  ingumal  canal,  and  the  scrotum  becomes  its 
habitat.  The  gubemaculum  remains  at  the  lower  pole  of  the  testicle  as 
the  scrotal  ligament. 

In  this  process  of  descent  there  is  a  period  during  which  the  peritoneal 
pouch  in  the  scrotum  communicates  freely  with  the  general  peritoneal 
cavity.  Normally  that  portion  of  the  pouch  in  contact  with  the  cord  be- 
comes obliterated,  leaving  unobliterated  simply  the  portion  in  front  of  the 
testis,  a  portion  which  becomes  the  tunica  vaginalis. 


Fio.  310. — ^The  Descent  op  the  Testicle. 
i4.  First  position  of  testicle,  below  the  kidney  and  behind  the  peritoneum;    B,  testicle  paasiojK 
through  the  canal;  C,  testicle  in  scrotum,  with  open  vaginal  process,  so  that  the  general  peri- 
toneal cavity  and  the  future  tunica  vaginalis  are  still  continuous;  D,  the  vaginal  process  ob- 
structed, the  general  peritoneal  cavity  shut  o£F  from  the  tunica  vaginalis. 

Failures  in  normal  development  may  result  in  undescended  or  misplaced 
testicle,  congenital  hernia,  hydrocele  of  the  cord,  etc. 


UNDESCENDED  AND  MISPLACED  TESTICLE. 

Undescended  or  misplaced  testicle  occurs  in  about  one  out  of  five 
hundred  individuals,  as  shown  by  the  physical  examination  of  recruits 
for  the  Austrian  army.  There  are  four  types  of  undescended  testicle:  (a) 
Where  the  testicle  is  in  the  abdomen  nearly  in  or  about  its  original  position; 
(h)  where  the  testicle  is  at  the  internal  ring;  (c)  where  the  testicle  is  in  the 
inguinal  canal;    (d)  where  the  testicle  is  external  to  the  external  ring. 
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Misplaced  testicle  may  be  situated  either  (a)  in  the  perineum  or  (h) 
on  the  thigh  at  about  the  position  of  the  femoral  hernia.  The  malform- 
ation is  one  of  importance  from  both  a  physical  and  a  psychic  standpoint 
and  deserves  more  consideration  than  has  been  generally  given  it.  Most 
text-books  on  surgery  dismiss  it  with  a  few  words.  The  sufferers  have  in 
the  past  been  offered  no  relief  for  the  deformity  and  have  usually  been  ad- 
vised to  have  the  organ  removed  if  it  caused  any  discomfort.  It  has,  how- 
ever, been  shown  within  the  last  few  years  that  by  a  careful  dissection  the 
testicle  can  in  almost  all  cases  be  replaced  and  retained  in  the  scrotum. 

The  dangers  and  discomfort  of  an  undescended  testicle  are  much 
greater  than  those  caused  by  the  ordinary  inguinal  hernia  and  call  much 
more  urgently  for  operative  relief.  The  dangers  are  briefly  as  follows:  (1) 
The  existing  or  potential  hernia.     (2)  The  tendency  to  serious  lesions — 


FiQ.  311. — Undebcended  Right  Testicle. 


Fio.  312. — Bevan's  Operation. 
Incision  through  skin  (3),  superficial  fascia 
(4),  and  external  oblique  (1);     2    cremasteric 
fascia. 


epididymitis,  atrophy,  twisting  of  the  cord  with  resulting  gangrene,  etc. 
(3)  Injuries  from  its  exposed  position,  by  external  violence  or  muscular  ex- 
ertion. (4)  The  probability  of  malignant  disease.  (5)  Worry  and  men- 
tal depression  which  may  result  from  the  deformity. 

The  term  monorchid  is  sometimes  used  to  describe  the  individual  with 
but  a  single  testicle  in  the  scrotum.  Kryptorchid  means  the  individual 
without  a  testicle  in  the  scrotum.  In  thirty-four  operations  which  I  have 
performed  there  were  five  cases  in  which  the  malformation  was  bilateral. 

Max  Schueller,  in  1881,  was  the  first  to  publish  a  successful  operative 
plan  for  undescended  testis.  He  recognized  the  fact  that  the  most  im- 
portant obstacle  to  reduction  is  the  vaginal  process  of  the  peritoneum, 
and  to  overcome  this  he  recommended  the  transverse  division  of  this  pro- 
cess and  stitching  the  testicle  into  the  scrotum. 
VOL.  IV — 38 
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The  Schueller  operation  was  a  great  step  in  advance,  but  did  not  go  far 
enough.  It  has  a  limited  field  of  usefulness  and  claims  few  adherents. 
The  operative  method  which  I  have  developed  and  employed  in  more  than 
thirty  cases  meets  the  indications  better  and  has  a  wider  field  of  application. 

My  method  has  been  developed  to  such  a  point  that  testicles  which  lie 
entirely  within  the  abdomen  can  in  almost  all  cases  be  brought  down  and 
retained  permanently  in  the  scrotum.  The  operation  can  be  performed 
at  any  age  ;  but  where  the  time  can  be  selected,  probably  the  period  from 
ten  to  twelve  should  be  chosen. 

Technic  of  Operation. — The  technic  is  as  follows:  An  incision  is 
made  about  three  inches  long  over  the  inguinal  canal  (Fig.  312).  This  cut 
should  divide  skin,  superficial  fascia,  and  the  aponeurosis  of  the  external 


Fio.  313. — Bevan'b  Operation. 
Cremasteric   fascia  divided.     External   ob- 
lique reflected.     1,  External    oblique;     2,  cre- 
masteric fascia;  3,  peritoneal  pouch. 


Fig.  314. — Bevan's  Operation. 
1,  Point  where  vai^inal  process    of   peri- 
toneum is  cut;     2,  vaginal  process  open,  ex- 
posing the  testicle;  3,  testicle. 


oblique.  Under  the  external  oblique  will  be  found  a  pouch  of  peritoneum 
extending  from  the  abdominal  peritoneum  through  the  canal  and  down  to 
the  scrotum.  Sometimes  the  pouch  extends  to  the  bottom  of  the  scrotum 
even  in  cases  in  which  the  testicle  has  never  been  out  of  the  abdominal  cav- 
ity. This  pouch  of  peritoneum  is  covered  by  the  cremasteric  ipuscle  and 
fascia  and  the  transversalis  fascia.  These  thin  layers  should  be  divided 
and  the  peritoneal  pouch  opened  (Fig.  313).  The  vaginal  process  of  peri- 
toneum should  be  divided  transversely  well  above  the  t-esticle.  Care  should 
be  taken  not  to  injure  the  cord,  and  in  children,  where  the  peritoneal  pro- 
cess is  as  delicate  as  tissue  paper,  the  dissection  must  be  made  with  great 
care  and  with  small  instruments  (Fig.  314).  After  complete  transverse 
division  of  the  vaginal  process  the  upper  end  is  closed  with  a  catgut  liga- 
ture, as  is  the  sac  in  a  hernia  operation,  and  the  lower  end  is  closed  with  a 
purse-string  suture,  making  a  tunica  vaginalis  for  the  testis  (Fig.  315). 
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Then,  with  a  gauze  sponge,  the  peritoneum  is  carefully  wiped  off  from 


Fig.  315. — Sevan's  Operation.  Fio.  316. — Bevan'b  Operation. 

1,  Upper  end  of  vaginal    process  of  peri-  Gprd   lengthened    and    testicle   freed   and 

toneum  ligated;    2,  purse-string  suture  closing  ready    for    replacement;      2,    the     spermatic 

lower  ena  of  vaginal    process    and  forming  a  vessels;    3,  the  vas  deferens, 
tunica  vaginalis  for  the  testicle. 


Fio.  317. — Bevan'b  Operation.  Fig.  318. — Bkvan's  Operation. 

Testicle  placed  in  scrotum  (2)  and  retained  by       Making  pocket  in   right    side  of  scrotum  for 

purae-string  suture  (1,  1).  reception  of  the  testicle. 


the  cord.     As  the  wiping  proceeds  the  cord  will  gradually  lengthen  until 
the  testicle  can  be  brought  well  down  upon  the  thigh.    Tense  fibrous  strands 
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in  the  cord  are  to  be  torn  either  with  the  fingers  or  blunt  dissecting  forceps 


Fig.  319. — Bevan's  Operation.    , 
1,   Spermatic   vessels    ligated   and   divided 
(this  is  seldom  necessary);  2,  spermatic  vessels; 
3,  vas  deferens  and  vessels. 


FiQ.  320. — Sevan's  Operation. 
Sutures  closing  the  wound. 


and  the  cord  is  to  be  freed  of  everything  except  the  vas  and  vessels  (Fig.  316) . 

When,  as  in  the  exceptional  case,  a  large  peritoneal  pouch  extends  to  the 

bottom  of  the  scrotum,  the  tes- 
ticle can  now  be  pushed  into  this 
antl  retained  by  a  purse-string 
suture  within  the  neck  of  the 
scrotum  (Fig.  317).  As  a  rule, 
however,  it  is  necessary  to  make 
a  cavity  by  blunt  dissection 
with  the  finger  (Fig.  318). 

In  a  few  ciises — but  these 
will  be  quite  the  exception — it 
is  found,  even  after  the  free  ex- 
posure of  the  cord,  that  it  is 
not  long  enough  to  permit  of 
the  reduction  well  into  the 
scrotum.  In  such  cases  it  will 
be  seen  that  the  shortened 
structures  are  the  spermatic 
artery  and  veins.  These  can 
be  divided  between  two  liga- 
tures, care  being  taken  to  avoid 
injury  to  the  vas  and  the  vessels 

of  the  vas.     It  will  then  be  found  that  the  testicles  can  by  gentle  traction 


Fig.  321. — Child  of  Two;  Tksticlr  Found  at 
extkrnal  rino  complicated  with  h  krnia 
which  had  been  strangulated;  tf»ticle 
NOW  Well  Down  in  Scrotum. 
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Fio. 


322. — BoT  OF   Eleven;     Tebticlb  in  the  Canal  Before 
Operation;   Now  Well  Down  in  Scrotum. 


?  brought  down  sufficiently  to  replace  it  in  the  scrotum  without  tension. 

s  has  already  been  stated  in  the  discussion  of  the  surgical  anatomy  of 

lis  region,  the  artery  of  the  vas  and  the  veins  of  the  vas  are  quite  suf- 

nent  to  supply  the 

it  ire  testicle  after 

le  ligation  of  the 

•ermatic    artery 

id  anterior  group 

veins  (Fig.  319). 
The    wound     is 

)w  closed  as  in  an 

rdinary  hernia  op- 

•ation,  not  trans- 

lanting  the   cord, 

3  is  (lone  in   the 

lassini    operation, 

ut  allowing   it  to 

jraain  in  its  normal 

isition  (Fig.  320). 

16  success  of  the 

eration    depends 

on    freeing    the 

;ticle     so      com- 

itely  that  it  can  be  placed  in  a  roomy  pocket  well  down  in  the  scrotum 

thout^tension.     Of  thirty-four  operations  thirty  have  been  completely 

successful    (Figs.    321- 
323). 

In  two  of  the  early 
cases  where  the  testicle 
was  not  furnished  with 
a  tunica  vaginalis  the 
organs  became  shriveled 
up  in  a  mass  of  connec- 
tive tissue.  I  believe 
that  it  is  very  important 
to  save  the  tunica  va- 
ginalis in  these  cases. 
In  one  case  a  hydrocele 
developed  in  the  new 
tunica  vaginalis.  This, 
however,  was  cured  by 
withdrawing  the  fluid 
and  injecting  five  min- 
ims of  carbolic  acid,  and 
a  fourth  case  operated 
upon  disclosed  a  testicle 

larger  than  a  pea;  this  case  amounted  practically  to  an  exploratory 

oration  and  is  simply  included  to  call  attention  to  this  possibility.     It 


323.— Man  of  Thirty;  Testicle  had  Never  Been  Out 
>F  THE  Abdominal  Cavity;  Now  Well  Down  in  Scro- 
rvM. 
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is  the  only  one  in  the  series,  however^  In  all  the  other  cases  organs  of  f  airsize 
or  of  normal  size  were  found.  (The  treatment  and  teehnic  of  operation  of 
displaced  testicle,  whether  in  the  perineum  or  on  the  thigh,  are  practically 
the  same  as  those  for  undescended  testis,  and,  as  a  rule,  the  reduction  can 
be  readily  accomplished. 

Among  other  malformations  of  the  testicle  should  be  mentioned  anor- 
chism  (absence  of  one  or  both  testicles,  with  usually  other  evidence  of  fail- 
ure of  development) ;  rudimentar>'  development  and  supemumerar\'  testi- 
cles (three  or  more) .  Almost  all  of  these  supposed  cases  of  supernumerary 
testicle,  however,  on  careful  examination,  have  proved  to  be  instances 
of  diagnostic  error.    The  third  body  is  nearly  always  a  neoplasm  or  c>'st. 


INJURIES  AND  DISEASES  OF  THE  SCROTUM. 

Injuries. — Contusions  of  the  scrotum  are  frequently  caused  by 
kicks,  injuries  from  the  pommel  of  a  saddle  while  horseback-riding,  blows 
with  the  fist  and  other  objects  capable  of  producing  blunt  force.  These 
injuries  result  in  hemorrhage  of  more  or  less  extent,  depending  upon  the 
nature  and  degree  of  the  force.  Slight  injuries  are  followed  by  little  swell- 
ing and  ecchymosis,  which  disappear  in  a  few  days.  Severe  injuries  of 
this  character  may  result  in  extensive  extravasations  filling  the  scrotum 
and  extending  into  the  perineum  and  up  over  the  abdomen.  As  a  rule, 
these  collections  of  blood  are  absorbed  rather  rapidly,  and  for  treatment 
require  nothing  further  than  rest  and  support  with  bandages.  Sometimes 
they  persist  and  demand  incision  and  drainage.  Occasionally  the  blood- 
clot  becomes  infected,  with  resulting  symptoms  of  sapremia  or  sepsis,  de- 
manding thorough  evacuation  and  drainage  and  hot,  moist,  boric  acid 
dressings,  rest  in  the  recumbent  position,  and  elevation  of  the  scrotum  by  a 
triangular  bandage.     Fig.  338,  p.  618,  shows  the  triangular  bandage. 

Wounds  of  the  scrotum,  like  wounds  of  other  structures,  may  be  in- 
cised, penetrating,  or  lacerated.  Gunshot  wounds  are  seen  in  military 
practice  and  occur  occasionally  in  civil  life.  Self-infiicted  wounds  made 
with  knife  or  sickle  or  razor  are  met  with,  especially  in  the  insane.  A 
wound  of  the  scrotum,  if  of  sufficient  extent,  may  be  accompanied  with 
prolapse  of  one  or  both  testicles.  Special  care  is  required  to  sterilize  and 
maintain  sterilization  in  scrotal  wounds.  If  infection  is  present,  or  if, 
from  the  nature  and  character  of  the  injur}-,  infection  is  probable,  the 
wound  should  not  be  closed  completely  with  suture,  but  provision  for 
drainage  should  be  made.  If  one  or  both  testicles  have  prolapsed,  they 
should  be  replaced  and  the  wound  should  be  closed  sufficiently  to  prevent 
a  recurrence  of  the  displacement. 

Acute  Inflammations  of  the  Scrotum.— Acute  inflammations  of 
the  scrotum  include  infected  wounds,  furuncles,  phlegmons  and  erysipelas, 
inflammations  of  mycotic  origin,  and  acute  reactions  resulting  from  chem- 
ical irritants,  such  as  poison-ivy,  strong  carbolic  acid  and  corrosive  sub- 
limate dressing,  etc.  The  delicate  integument  of  the  scrotum  is  so  suscep- 
tible to  strong  antiseptics  that  these  should  never  be  left  in  contact  with 
it  for  any  considerable  period.    A  1 :  1000  or  even  1 :  5000  moist  bichlorid 
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dressing  left  on  the  scrotum  overnight  in  preparing  the  field  for  operation 
is  frequently  followed  by  such  swelling  and  chemical  dermatitis  as  to  neces- 
sitate the  postponement  of  the  operation. 

Furuncles  and  infected  wounds  present  nothing  distinctive  to  distin- 
guish them  from  like  lesions  in  other  regions.  Erysipelas  of  the  scrotum  is 
distinguished  by  a  tendency  to  gangrene  in  the  severe  cases.  Sometimes 
the  entire  scrotum  is  lost  and  the  testicles  are  left  uncovered.  It  is  remark- 
able, however,  how  completely  a  new  scrotum  may  be  formed.  The  gran- 
ulation tissue  covering  the.  testicles  contracts  and  gradually  draws  the 
remnants  of  the  scrotal  tissue  over  these  organs.  A  plastic  operation 
may,  however,  be 
required  in  order  to 
cover  the  testicles 
with  skin. 

In  erysipelas  of 
severe  type,  several 
linear  incisions 
parallel  with  the 
raph6  should  be 
made  to  relieve  ten- 
sion and  prevent 
gangrene.  Gan- 
grene of  the  scro- 
tum occurs  from  a 
number  of  other 
causes — acute  infec- 
tious diseases  such 
as  typhoid  fever, 
scarlet  fever,  etc., 
phagedenic  chancre, 
infected  wounds, 
and  phlegmonous 
suppuration.  These 
are  to  be  handled 
on  the  general  sur- 
gical principles  of 
relief  of  tension, 
evacuation  of  in- 
flammatory products,  drainage,  and  the  continuous  application  of  moist, 
mild,  antiseptic  dressing,  such  as  boric  solution. 

Elephantiasis. — Elephantiasis  of  the  scrotum  is  a  disease  found 
in  certain  tropical  countries  (Eg\'pt,  India,  Java, Congo  Free  State,  etc.). 
It  is  almost  limited  to  the  dark-skinned  native ;  whites  are  seldom  attacked. 
The  scrotum  becomes  enormously  enlarged,  weighing  sometimes  fifty 
pounds  or  more.  (See  Vol.  II,  pp.  595  and  596,  Figs.  475,  476,  and  477.) 
The  cause  of  the  disease  is  the  parasite  filaria  sanguinis  hominis,  which 
Manson  has  shown  is  introduced  into  the  body  by  the  bites  of  certain  kinds 
of  mosquitos.     The  only  successful  treatment  seems  to  be  the  surgical  re- 


Fio.  324. — Cancer  of  the   Scrotum  (von  Bergmann,  von  Bruns, 
and  von  Mikulicz). 
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moval  of  the  scrotal  mass,  with  the  formation  of  flaps  to  cover  the  penis  and 
t^ticles  from  the  thin  normal  skin  of  the  body  which  has  been  dragged 
down  by  the  weight  of  the  tumor.  Fortunately  these  operations  have 
been  exceedingly  successful.  The  cases  of  lymph  scrotum  which  occur  in 
this  country,  and  to  which  the  name  elephantiasis  nostras  is  sometimes 
applied,  are  not  due  to  the  filaria  sanguinis  hominis,  but  to  obstructive 
lesions  of  the  lymph-channels  and  veins.  These  cases  occur  after  com- 
plete removal  of  the  inguinal  lymphatics,  after  chronic  lymphadenitis,  etc. 

Tumors  of  the  Scrotum. — Various  benign,  mesoblastic  tumors  occur 
in  the  scrotum  and  call  for  no  special  comment.    Melanotic  sarcomata 
of  this  region  are  usually  very  malignant  and  rapidly  fatal. 

Cancer  of  the  Scrotum. — Carcinoma  of  the  skin  of  the  scrotum  is  not 
common  in  this  country.  Cancer  of  the  scrotum  is  without  any  special 
features  to  distinguish  it  from  cancer  occurring  in  other  regions  (Fig.  324). 

A  singular  form,  known  as  chimney-sweep's  cancer,  was  at  one  time 
quite  common  in  England  among  the  men  employed  as  chimney-sweeps. 
The  relationship  between  their  occupations  and  the  disease  seems  to  be 
found  in  the  chronic  irritation  of  the  scrotal  integuments  by  the  soot. 

A  similar  form  of  cancer  is  found  among  tar  and  paraffin  workers. 
Cases  of  carcinoma  peculiar  to  certain  occupations  seem  to  be  like  the  car- 
cinoma of  the  hands  among  x-ray  workers,  the  result  of  a  chronic  derma- 
titis, produced  by  some  agency  peculiar  to  their  employment,  and  which 
dermatitis  favors  in  some  way  the  development  of  carcinoma.  The  treat- 
ment of  cancer  of  the  scrotum  is  like  that  of  cancer  elsewhere;  that  is, 
early  and  radical  removal  of  the  disease.  The  prognosis  is  favorable  if  the 
operation  is  done  before  there  is  any  glandular  involvement. 


DISEASES  AND  INJURIES  OF  THE  TUNICA  VAGINALIS  AND 
SPERMATIC  CORD. 

Hematoma  and  Hematocele. — After  injuries  of  the  coverings  of  the 
testicle  there  may  develop  a  hematoma  within  the  scrotum.  The  usual 
position  of  the  accumulation  of  blood  is  between  the  tunica  vaginalis  and 
the  other  coverings  of  the  testicle  and  cord,  i.  e.,  the  infundibuliform  fascia, 
cremasteric  fascia,  and  intercolumnar  fascia.  This  form  is  best  described 
as  a  hematoma  or  a  hematocele  external  to  the  tunica  vaginalis.  The 
amount  of  blood  poured  out  varies  in  amount,  but  may  be  very  great. 
The  resulting  swelling  is  usually  pear-shaped,  the  large  end  below  and  the 
smaller  extending  up  along  the  spermatic  cord.  As  a  rule,  the  blood- 
clot  is  soon  absorbed,  and  the  only  treatment  required  is  rest  and  the 
application  of  a  supporting  bandage.  If  the  fluid  collection  persists, 
or  if  it  becomes  infected,  ev^icuation  and  drainage  are  called  for. 

Hematocele. — ^The  term  hematocele  applied  to  this  region  should  be 
limited  to  an  effusion  of  blood  in  the  tunica  vaginalis.  This  lesion  is 
quite  rare  as  compared  to  the  extravaginal  hematoma  just  described. 
Two  distinct  varieties  occur:  the  traumatic  and  the  pathologic.  The 
traumatic  form  occurs  occasionally  after  contusions  to  a  normal  testis, 
or  more  frequently  as  the  result  of  hemorrhage  into  the  tunica  vaginalis 
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following  the  puncturing  of  a  hydrocele  or  a  traumatism  to  a  hydrocele 
by  some  blunt  force: 

In  some  cases  the  blood-clot  is  soon  absorbed,  but  this  is  not  as  cer- 
tainly the  result  as  in  extravaginal  hematoma.  In  cases  occurring  in 
pre-existing  hydroceles  the  rule  of  treatment  should  be  to  open  the  sac^ 
remove  part  of  the  sac  if  it  b  extensive,  turn  out  the  blood-clot,  and 
stitch  the  sac  to  the  integument,  as  in  the  radical  operation  for  hydrocele. 
The  pathologic  form  of  hematocele  is  due  to  a  chronic  hemorrhagic  in- 
flammation of  the  tunica  vaginalis  with  resulting  thickening  of  this 
membrane. 

A  hemorrhagic,  fibrinous  exudate  replaces  the  smooth  endothelial 
lining.  The  thickened  sac  may  undergo  calcareous  degeneration  and  in 
rare  cases  it  even  becomes  ossified.  The  exact  pathology  is  not  known. 
The  course  is  a  chronic  one.  It  is  most  com- 
mon in  old  men  suffering  with  chronic  vascular 
changes.  There  is  frequently  a  history  of  a 
traumatism,  but  its  relation  to  the  process  is 
not  clear.  The  differentiation  between  the 
pathologic  and  traumatic  varieties  is  not 
always  possible.  There  may  be  a  single 
hemorrhage,  but  usually  there  are  repeated 
hemorrhages  during  the  course  of  the  disease. 
The  differential  diagnosis  must  be  made  be- 
tween hydrocele  and  neoplasms  of  the  testicle. 
The  aspirating  syringe  is  the  most  useful 
means  of  making  this  differentiation.  The 
disease  seldom  goes  on  to  a  spontaneous  cure. 

The  treatment  is  the  radical  removal  by 
careful  dissection  of  the  entire  sac  and  closure 
\iith  temporary  drainage.  Hematoceles  of 
the  cord,  both  traumatic  and  pathologic, 
may  occur  in  cases  in  which  the  vaginal  pro- 
cess in  front  of  the  cord  persists.  They 
differ  in  no  way  from  the  hematoceles  of  the 
tunica  vaginalis  proper,  except  in  anatomic  location, 
ingly  rare. 

An  injury  which  I  have  seen  in  one  case  only  should  be  noted  especially 
because  of  the  possible  error  which  may  be  made  in  diagnosis.  It  is 
traumatism  followed  by  thrombus  of  the  spermatic  veins.  Some  weeks 
after  the  injury  the  clinical  picture  was  a  nodular  cord  which  was  mistaken 
for  tuberculosis  of  the  vas  and  epididymis.  On  operation  the  epididymis 
and  vas  were  seen  to  be  normal  and  the  lesion  was  found  to  be  a  firm 
thrombus  in  a  spermatic  vein. 

Acute  Hydrocele. — Acute  inflammation  of  the  tunica  vaginalis 
may  occur  in  the  course  of  acut«  gonorrheal  epididymitis  as  a  distinct 
complication.  A  limited  involvement  of  the  tunica  vaginalis  in  epididymi- 
tis is  very  common.  An  acute  hydrocele  may  occur  also  in  cases  of 
tuberculous  or  syphilitic  lesions  of  the  testicle  and  epididymis,  either 


FiQ.  325.— Hematocele  (Kochcr). 
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with  or  without  secondary  pyogenic  infection,  also  in  the  course  of  acute 
infectious  diseases,  as  mumps,  typhoid  fever,  etc.;  also  as  a  result  of  the 
injection  of  irritating  fluids,  such  as  iodin  solutions  and  carbolic  acid 
employed  to  cure  a  chronic  hydrocele.  Occasionally  a  direct  infection 
of  the  tunica  vaginalis  results  from  the  use  of  unclean  methods  in  the 
operation  of  tapping  a  hydrocele. 

The  diagnosis  is  made  from  the  acute  onset,  the  swelling,  the  redness, 
the  sense  of  fluctuation,  the  pain  and  tenderness,  and  the  translucency 
of  the  swelling.  In  doubtful  cases  the  diagnosis  may  be  confirmed  by 
withdrawing  some  of  the  fluid  with  a  hypodermic  needle  and  syringe. 
The  treatment  demanded  is  rest  in  the  recumbent  position,  the  support 
of  the  scrotum  with  a  triangular  bandage,  and  the  application  of  hot 
fomentations. 

In  uncomplicated  cases  the  condition  is  transient  and  the  swelling 
and  other  symptoms  disappear  in  from  a  few  days  to  two  weeks.  In 
very  severe  cases  accompanied  by  great  pain  and  tension,  incision,  and 
drainage  with  a  strip  of  gutta-percha,  is  indicated.  This  plan  usually 
gives  great  and  immediate  relief. 

An  acute  suppurative  inflammation  of  the  tunica  vaginalis  may 
begin  as  such  or  the  simpler  acute  inflammation  above  described  may 
become  suppurative.  The  symptoms  are  the  same  as  in  the  simple 
variety,  but  more  intense.  The  swelling  is  not  as  translucent  and  the 
tendency  to  recovery  is  wanting.  The  constitutional  symptoms  of  a 
suppurative  process — that  is,  a  chill,  elevation  of  temperature,  and 
increase  in  the  leukocyte  count— 7are  present.  The  diagnosis  is  to  be 
confirmed  by  the  aspirating  syringe.  The  treatment  is  free  incision 
(probably  best  done  under  nitrous  oxid  anesthesia),  free  drainage  with  a 
wide  strip  of  gutta-percha  tissue,  the  application  of  hot  boric  acid  com- 
presses, and  elevation  of  the  scrotum  with  a  triangular  bandage. 

Acute  Hydrocele  of  Cord.— This  condition,  except  for  the  differ- 
ence in  anatomic  position,  is  the  same  as  acute  inflammation  of  the  tunica 
vaginalis  proper.  It  occurs  only  in  those  cases  in  which  there  is  a  persistent 
peritoneal  sac  in  front  of  the  cord,  and  is  more  common  in  children  than 
in  adults.  It  is  sometimes  very  difficult  to  make  a  differential  diagnosis 
between  this  condition  and  strangulated  hernia.  As  a  rule,  the  translu- 
cency of  the  swelling  and  the  absence  of  severe  or  obstructive  symptoms 
furnish  the  necessary  evidence.  If  the  diagnosis  is  doubtful,  an  explora- 
tory operation  should  be  performed.  Otherwise,  acute  hydrocele  of  the 
cord  is  to  be  treated  by  the  same  rules  as  acute  hydrocele  of  the  tunica 
vaginalis  proper. 

Hydrocele;  Chronic  Inflammation  of  the  Tunica  Vaginalis.— 
Hydrocele  is  an  accumulation  of  fluid  within  the  tunica  vaginalis  without 
any  acute  symptoms.  The  lesion  is  a  common  one  and  may  occur  at 
any  period  of  life.  It  is  frequently  met  with  during  infancy.  Kronlein^s 
statistics  give  48.8  per  cent,  of  all  cases  in  children  under  five  years  of  age. 
My  own  observations  do  not  confirm  this,  and  are  more  in  keeping  with 
the  statistics  of  Braman,  who  found  70  per  cent,  of  his  series  of  about 
five  hundred  cases  in  adults  and  but  30  per  cent,  in  children. 
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The  pathology  is  not  perfectly  clear  and  is  not  the  same  in  all  cases. 
It  is  generally  agreed  that  the  most  common  cause  is  traumatism,  and 
this  is  differently  estimated  as  being  the  cause  in  from  30  to  70  per  cent, 
of  the  cases.  The  second  cause  in  point  of  frequency  is  gonorrheal 
inflammation,  either  with  or  without  evident  involvement  of  the  epididy- 
mis. This  is  estimated  to  be  the  cause  in  from  10  to  20  per  cent,  of  the 
cases. 

As  other  causes  of  hydrocele  are  to  be  mentioned  tuberculosis,  syphilis, 
typhoid  fever,  and  neoplasms.  As  a  rule,  in  these  cases  the  hydrocele  is 
overshadowed  by  the  main  pathologic  process,  and  yet  I  have  several 
times  found,  in  operating  by  the  open  method  in  hydroceles  which  had 
existed  for  some  time,  small  foci  of  tuberculosis  in  the  epididymis.  In 
these  cases  the  hydrocele  sustains  al)out  the  same  relation  to  the  disease 
of  the  epididymis  that  a  tuberculous  pleurisy  does  to  the  lesion  in  the 
lungs.  I  am  inclined  to  believe  that  tuberculosis  is  more  frequently  the 
etiologic  factor  in  hydrocele  than  is  generally  admitted.  Another  cause 
is  a  lesion  of  the  hydatids  of  Morgagni  and  a  small  spermatocele,  which 
is  within  the  tunica  vaginalis. 

The  fluid  in  a  hydrocele  is,  as  a  rule,  clear  and  transparent;  it  is 
sometimes  yellow  or  brown  and  in  long-standing  cases  may  contain 
cholesterin  crystals.  Not  infrequently  it  is  cloudy,  and  in  these  cases  I 
have  often  found  spermatozoa.  Tuffier  reports  finding  tubercle  bacilli 
in  two  cases. 

S]nnptoms  and  Course. — Hydrocele  usually  runs  a  silent  course, 
and  the  patient's  attention  is  first  attracted  by  the  enlargement  of  the 
scrotum  or  a  sense  of  dragging  on  the  cord  by  the  increased  weight.  As 
the  swelling  increases  it  may  become  distressing  because  of  the  weight, 
or  the  friction  of  the  clothing  may  produce  a  chafing  of  the  skin  and 
resulting  dermatitis.  The  hydrocele  of  the  tunica  vaginalis  is  egg-shaped 
or  pear-shaped.  It  gives  the  sense  of  fluctuation  most  distinctly  and  is 
translucent  to  light.  This  last  sign,  which  is  made  much  of  by  the 
text-books  and  by  those  of  limited  experience,  is  seldom  sought  for  by 
the  experienced  surgeon.  The  differential  diagnosis  must  be  made  be- 
tween hydrocele,  spermatocele,  hernia,  neoplasms,  and  chronic  inflam- 
mation of  the  testis.  From  hernia  it  can  be  distinguished  by  absence 
of  the  transmission  of  impulse  on  coughing,  and  especially  by  examining 
the  spermatic  cord,  as  it  makes  its  exit  from  the  external  ring.  In  hydro- 
cele the  spermatic  cord  can  easily  be  felt.  It  is  of  normal  size  and  enters 
a  normal  external  ring.  In  a  hernia,  which  might  l^e  mistaken  for  hydro- 
cele as  far  as  the  scrotal  tumor  is  concerned,  this  same  examination  will 
show  a  thick  mass  of  tissue  continuous  with  the  scrotal  swelling  entering 
the  external  ring,  and  the  normal  spermatic  cord  cannot  be  made  out. 

The  exquisite  sense  of  fluctuation,  the  translucency,  and  the  absence 
of  the  hard,  firm  feel  of  a  solid  tumor,  as  a  rule  make  the  diagnosis  easy 
between  a  hydrocele  and  a  neoplasm,  but  this  easy  differentiation  is  not, 
however,  always  possible.  I  have  seen  one  of  the  great  masters  of  sur- 
gery demonstrate  a  case  to  his  class  as  a  solid  tumor  of  the  testicle  and 
find,  upon  cutting  into  the  mass,  that  it  was  a  hydrocele  with  very  thick, 
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unyielding  walls,  so  tensely  distended  with  fluid  that  no  sense  of  fluctua- 
tion could  be  made  out. 

In  doubtful  cases  an  aspirating  syringe  will  determine  the  diagnosis. 
Spermatoceles  are,  as  a  rule,  small  cysts  placed  near  the  head  of  the 
epididymis,  and  the  examining  fingers  can  feel  the  testicle  and  the  sper- 
matocele as  two  distinct  masses  within  the  scrotum. 

Chronic  inflammations  of  the  testis  and  epididymis  are  not  infre- 
quently accompanied  with  a  hydrocele,  usually  of  small  size;  when  the 
hydrocele  is  of  considerable  size,  it  may  so  surround  the  essential  pathologic 
lesion  that  this  cannot  be  clearly  made  out  until  the  fluid  is  withdrawn^ 
and  then,  instead  of  finding  a  normal  testicle  as  in  simple  hydrocele,  a 
hard,  enlarged,  frequently  more  or  less  irregular  mass,  the  result  of  a 
tuberculous  or  syphilitic  process,  is  discovered. 

In  addition  to  hydrocele  of  the  tunica  vaginalis,  several  other  forms 
are  met  with:  hydrocele  of  the  cord;  hydrocele  communicating  with  the 
general  peritoneal  cavity;  hydrocele  in  a  hernial  sac;  hour-glass-shaped 
hydrocele,  hydrocele  biloculari§,  which  may  be  either  extra-abdominal 
or  intra-abdominal. 

Hydrocele  of  the  cord  is  especially  common  in  infancy.  It  is  due  to  a 
persistent  peritoneal  pouch  about  the  cord  which  becomes  distended 
with  fluid.  It  is  frequently  mistaken  for  hernia.  I  often  have  these 
children  brought  to  the  clinic  with  the  statement  that  the  hernia  cannot 
be  retained  with  a  truss,  and  find  on  examination  no  hernia,  but  a  hydro- 
cele of  the  cord.  Usually  the  diagnosis  can  be  made  from  the  sense  of 
fluctuation  and  the  delicate  bluish  color  of  the  sac,  showing  through  the 
thin  integument. 

Many  of  these  cases  which  extend  well  up  into  the  canal  give  a  distinct 
impulse  on  coughing.  The  diagnosis  is  to  be  confirmed  by  the  fine  needle 
of  a  hypodermic  syringe.  A  rare  form  is  a  hydrocele  communicating 
with  the  general  peritoneal  cavity  through  a  persistent  vaginal  process. 
This  gives  the  interesting  clinical  picture  of  disappearance  of  the  swelling 
when  the  patient  assumes  the  recumbent  position,  and  it  is  on  this  account 
difficult  to  distinguish  from  a  reducible  inguinal  hernia.  A  needle  should 
not  be  employed  in  these  cases  as  a  means  of  diagnosis,  nor  should  any 
form  of  injection  treatment  \yc  adopted,  but  an  open  operation,  such  as  is 
employed  in  congenital  inguinal  hernia,  should  be  carried  out,  because  of 
the  uncertainty  of  diagnosis,  because  of  the  fact  that  this  form  is  often 
associated  with  hernia,  and  because  of  the  great  dangers  to  which  the 
patient  would  be  exposed  by  injecting  irritating  fluids  into  the  sac,  when 
these  fluids  may  find  their  way  into  the  general  peritoneal  cavity.  Hydro- 
cele in  an  old  hernial  sac  may  occur  when  the  neck  of  the  sac  tecomes 
closed  by  adhesive  inflammation,  as,  for  instance,  from  the  wearing  of  a 
truss,  and  later  the  development  of  a  hydrocele  in  the  closed-off  hernial 
sac.  Depending  upon  the  size  of  the  sac,  such  a  hydrocele  may  simulate 
a  hydrocele  of  the  cord  or  one  of  the  tunica  vaginalis  proper. 

Hour-glass-shaped  hydroceles  of  two  distinct  varieties  occur — one 
extra-abdominal,  the  other  intra-abdominal.  In  the  extra-abdominal 
type  there  are  two  sacs,  one  in  the  scrotum  and  one  in  the  groin,  connected 
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by  a  narrow  channel  surrounding  the  cord.  In  the  intra-abdominal 
type  one  sac  is  in  the  scrotum  and  one  in  the  abdomen,  connected  by  a 
narrow  process  of  peritoneum  passing  through  the  inguinal  canal.  In 
one  case  which  I  operated  upon  the  scrotal  sac  was  as  large  as  two  fists, 
and  the  intra-abdominal  tumor  was  almost  as  large  as  a  pregnant  uterus. 
The  two  contained  more  than  a  gallon  of  fluid  (Fig.  326). 

In  recent  hydroceles  the  tunica  vaginalis  is  thin  and  delicate,  almost 
normal  in  appearance.  In  hydroceles  of  old  standing  the  tunic  may 
become  much  thickened  and  altered.  I  have  seen  the  tunica  vaginalis 
half  an  inch  in  thickness  and  of  almost  cartilaginous  hardness.  Occa- 
sionally calcareous  plates  are 
found  in  it. 

Treatment. — The  treatment 
of  hydrocele  can  be  well  divided 
into  palliative  and  radical,  and 
the  radical  be  again  divided 
into  treatment  by  injection  and 
treatment  by  open  operation. 
The  palliative  consists  of  tap- 
ping and  removal  of  the  fluid 
with  trocar  and  cannula,  and 
repeating  this  as  often  as  the 
fluid  accumulates  in  suflicient 
amount  to  cause  discomfort.  In 
a  small  percentage  of  cases  the 
simple  tapping  is  followed  by 
cure.  This  palliative  treatment 
has  but  a  limited  field  of  useful- 
ness, and  at  the  present  time  is 
to  be  advocated  only  in  excep- 
tional cases.  It  is  a  proper 
method  when  the  extreme  age 
of  the  patient  or  the  existence 
of  some  serious  organic  lesions 
contraindicates  even  the  slight- 
est surgical  interference.  The 
treatment  by  injection  is  the 
simplest  method  and  is  to  he  employed  in  the  majority  of  cases. 

Formerly  the  tincture  of  io(Un  or  a  solution  of  iodin  in  iodid  of 
potassium  were  employed.  These  fluids,  however,  had  the  disadvantage 
of  causing  great  pain,  and  they  have  l)een  largely  displaced  by  the  injec- 
tion of  95  per  cent,  of  carbolic  acid,  first  introduced  by  Levis,  of  Phila- 
delphia. 

In  order  to  be  safe  and  successful  this  operation  must  be  carefully 
and  properly  carried  out.  The  technic  is  as  follows:  The  scrotum  is 
sterilized  by  shaving  and  scrubbing  with  soap  and  water  and  alcohol 
as  for  any  aseptic  operation.  A  half  dozen  drops  of  1  per  cent,  solution 
of  cocain  are  injected  into  the  scrotal  integument  in  front  and  a  little 


Fio.  326.— TuJtoR. 
Hour-gla8s  hydrocele,  intra-abdominal  type. 
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above  the  center  of  the  swelling;  through  this  cocainized  area  a  fairly 
large  trocar  and  cannula  are  pushed  into  the  cavity  of  the  tunica  vaginalis. 
The  position  of  the  testicle,  which  is  posterior,  should  be  kept  in  mind 
and  care  must  be  exercised  not  to  injure  this  organ  with  the  trocar.     (See 

Fig.  327.)  The  trocar  is  with- 
drawn and  the  cannula  is 
pushed  well  to  the  upper 
limit  of  the  sac  and  the  fluid 
is  allowed  to  escape.  It  is 
important  that  all  the  fluid 
should  be  withdrawn,  and  in 
order  to  insure  this,  it  is  best 
to  withdraw  the  last  of  it 
with  a  half-ounce  aspirating 
syringe,  which  fits  the  can- 
nula. Leaving  the  cannula 
in  place  at  the  upper  part  of 
the  sac,  from  5  to  20  drops 
of  a  95  per  cent,  solution  of 
pure  carbolic  acid  are  now 
injected  into  the  sac  and  the 
cannula  is  withdrawn.  As  this 
is  done  the  part  of  the  sac 
through  which  the  cannula 
passed  should  be  gnisped 
with  the  thumb  and  finger  firmly  and  held  for  four  or  five  minutes,  while 
with  the  other  hand  the  sac  is  kneaded  so  as  to  bring  the  carbolic  acid 
in  contact  with  all  parts  of  the  wall  of  the  hydrocele.     Following  the 


Flo.  327. — Tapping  a  Hydrocele. 


Fig.  328. — Jaboulat'b  Operation  for  Hydrocele. 


injection,  there  Ls  usually  a  very  brief  period  during  which  there  is  pain 
and  burning,  but  this  soon  subsides. 

The  patient  should  be  advised  to  remain  quiet  and  at  home  for  a  few 
days.  A  certain  amount  of  reaction  follows  the  injection.  Usually  the 
scrotum  swells  up  to  about  half  the  size  it  was  before  the  withdrawal 
of  the  fluid.     This  swelling  gradually  disappears,  and  in  successful  cases 
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the  fluid  which  collected  during  the  reaction  is  entirely  absorbed  within 
from  three  to  six  weeks.  The  treatment,  if  properly  employed,  is  success- 
ful, and  the  lesion  is  cured  by  one  injection  in  more  than  80  per  cent  of 
the  cases.  A  second  or  even  a  third  injection  may  be  necessary,  and  may 
be  successful.  The  injection  treatment  is  indicated  only  for  those  cases 
which  have  a  thin-walled  sac.  In  the  old-standing  cases  with  thick^ 
indurated  sacs  the  injection  treatment  usually  fails. 

The  open  operative  methods  are  three  in  number:  (a)  the  incision 
and  drainage  of  the  sac,  (6)  the  removal  of  the  sac,  and  (c)  the  Jaboulay 
o  p  e  r  a  t  i  o  n — split- 
ting the  sac  and 
turning  it  inside 
out,  folding  it  about 
the  testicle  and 
cord,  and  stitching 
it  in  this  position, 
so  that  the  smooth 
endotheUal  lining 
will  be  brought  in 
contact  with  the 
raw  connective  tis- 
sue of  the  scrotum, 
to  which  it  will  be- 
come adherent  (Fig. 
328). 

E.  Wyllys  An- 
drews describes  his 
bottle  operation  in 
the  following  way: 

*'  A  new  technic 
which  I  have  used 
exclusively  in  the 
past  two  and  a  half 
years  seems  to  me 
such  an  improve- 
ment in  certaint}'' 
and  speed  that  I 
recommend  it  with- 
out reserve,  and  do  not  hesitate  to  urge  that  it  supersede  the  older  opera- 
tions. The  method,  which  I  think  is  described  very  aptly  by  the  term 
'bottle  operation,'  brings  about  a  complete  eversion  of  the  whole  lining, 
without  the  use  of  stitches,  and  with  much  less  cutting  than  the  Jaboulay 
method. 

*' Technic  of  the  'Bottle  Operation.* — An  anterior  scrotal  incision  is 
made  as  in  the  older  methods.  The  skin  should  be  held  tense  and  the 
dissection  should  be  nice  to  the  exact  layer  which  will  enucleate  the  trans- 
lucent bladder-like  mass  from  its  bed.  It  is  not  an  operation  for  a  man 
over  forty-five  to  attempt  without  glasses. 
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Fig.  329.— E.  Wyllys  Andrkwr'  "Bottle  Operation' 

Radical  Cure  of  Hydrockle. 
Hydrocele  and  testis  enucleated.     Incision  at  anterior  upper  portion. 
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'*  Careful  study  of  the  funicular  part  of  the  sac  is  now  to  be  made. 
Usually  a  little  funnel  continues  one  or  two  cm.  up  the  cord.  The  ex- 
treme upper  end  of  this  marks  the  beginning  of  the  cut  made  into  the  sac. 
This  cut  is  vertical  on  the  anterior  border  and  only  about  2  cm.  long 
(Fig.  329).  We  enlarge  it  a  little  by  stretching.  Sometimes  it  is  wholly 
confined  to  the  part  over  the  cord.  The  incision  in  the  sac  is  prolonged 
to  its  extreme  upper  end  along  the  cord  if  the  first  cut  did  not  do  this. 
When  the  sac  has  been  emptied,  it  is  like  a  bottle  or  bag,  with  a  small  hole 
at  the  top.  Dilating  this  slightly  with  one  or  two  fingers,  the  orifice  is 
held  open  and  the  testis  is  pushed  up  into  it  with  the  other  hand  or  the 
two  thumbs  (Fig.  330).  In  a  moment  it  can  be  squeezed  through,  and 
the  whole  sac  will  instantly  be  everted  with  the  small  buttonhole  so  closely 
surrounding  the  cord  that  it  is  scarcely  visible  (Fig.  331).     The  quickness 


Fig.  330. — E.  Wyllys  Andrews'  "Bottle  Operation"  for  the  Radical  Cure  of  Hydrocele. 
Eversion  of  "bottle"  by  pushing  testis  through  small  hole  in  upper  end. 

with  which  this  can  l)e  done  will  surprise  any  one  used  to  the  older  methods. 
It  will  also  be  seen  at  a  glance  that  there  is  no  possibility  of  the  testis 
returning  into  the  hydrocele  cavity  any  more  than  with  the  suture  method. 
The  short  incision  contracts,  so  as  to  fit  around  the  cord,  and  the  whole 
sac  by  its  elasticity  seems  to  collapse  around  the  epididymis  with  its 
white  serous  surface  almost  as  smooth  as  that  of  the  testis.  I  have  never 
seen  the  everted  sac  voluminous  enough  to  lie  in  wrinkles  or  folds,  but  no 
harm  would  result  if  it  were  so  to  act.  Ordinarily,  the  largest  hydrocele 
sacs  when  collapsed  assume  about  the  size  of  the  testis,  showing  that 
their  walls  remain  perfectly  elastic.  As  yet  I  have  not  tried  my  method 
on  any  very  opaque,  hypertrophied,  or  thick-walled  hydrocele.  It  is 
conceivable  that  some  such  old  cases  resulting  from  inflammations,  in- 
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jections,  or  former  operations,  might  be  difficult  to  enucleate  from  the 
scrotum,  or  to  evert  after  bringing  outside  the  skin. 

'*  The  skin  is  quickly  closed  with  clips  or  light  suture,  without  drainage. 
Such  wounds  heal  within  a  week.  The  patients  get  about  readily  on  the 
third  or  fourth  day,  sometimes  earlier.  The  amount  of  swelling  about  the 
testis  is  usually  small,  even  in  double  hydroceles.  Tenderness  and  pain 
are  moderate  or  absent,  and  no  fever  and  malaise  are  felt  after  the  second 
day. 

"  This  operation  is  very  suitable  for  local  anesthesia,  and  therefore  can 
be  done  on  the  aged 
without  risk.  Its 
results  are  in  strik- 
ing contrast  with 
the  old  packing  or 
open  method,  called 
in  Germany  Volk- 
mann's  method,  but 
really  of  much  older 
date.  Koenig  re- 
ports that  the  aver- 
age confinement 
with  this  method 
was  three  weeks, 
and  also  that  some 
patients  were  dis- 
abled fully  as  long 
by  injection  treat- 
ment, which  also 
gives  a  very  large 
percentage  of  fail- 
ures. 

"  No  complica- 
tions have  occurred 
in  a  considerable 
series  of  these  op- 
erations  in  our 
clinic,  and,  so  far 
as  we  can  learn,  no 
recurrences.  The 
recovery  has  with- 
out exception  been  rapid  and  practically  painless." 

The  incision  into  the  sac,  stitching  the  sac  to  the  skin,  and  drainage 
with  gauze  or  tube  or  gutta-percha  tissue  has  been  very  largely  employed 
and  is  curative  in  a  very  large  proportion  of  cases.  It  has,  however,  the 
disadvantage  that  an  occasional  infection  occurs,  and  in  all  cases  there  is 
a  wound  healing  with  granulation,  which  requires  two  weeks  or  more. 
Excision  of  the  parietal  portion  of  the  sac  is  therefore  to  be  preferred. 
It  is  not  much  more  difficult  and  affords  the  opportunity  of  immediate 
VOL.  IV — 39 


Flo.  331. — E.  Wtllts  Andrews'  "Bottle  Operation"  for  the 

Radical  Cure  of  Hydrocele. 
Completely  everted  sac.     The  small  aoterior  cut  now  takes  a  poste- 
rior position  around  the  cord.     No  sutures  required. 
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closure  or  the  employment  of  but  temporary  drainage  for  twenty-four 
hours  or  more.  This  is  therefore  the  operation  to  adopt  when  the  in- 
jection method  has  failed,  or  where,  from  the  first,  it  is  excluded  because 
of  the  character  of  the  sac. 

The  Jaboulay  method  and  Andrews  bottle  operations  have  been  as 
yet  employed  in  a  limited  number  of  cases.  They  have  given  very  good 
results,  can  be  rapidly  done,  and  they  limit  the  amount  of  dissection  and 
resulting  oozing.  They  should  not  be  employed,  however,  where  the  sac 
is  thick  and  indurated.  All  of  these  operations  can  be  easily  done  under 
cocain  anesthesia  (1  :  1000  solution  in  normal  salt)  or  under  nitrous 
oxid  gas. 

The  Treatment  of  the  Rarer  Forms  of  Hydrocele. — Hydrocele  of 
the  cord  of  the  simple  type  is  best  treated  by  withdrawal  of  the  fluid  and 
the  injection  of  from  two  to  ten  drops  of  carbolic  acid.  In  infancy  this 
condition  frequently  goes  on  to  a  spontaneous  cure,  and  it  should  there- 
fore not  be  interfered  with  for  some  weeks  or  months.  If  it  persists  or 
attains  a  considerable  size,  the  injection  operation  is  indicated.  In  a 
few  cases,  because  of  the  thickness  of  the  sac,  excision  of  the  sac  will  be 
required. 

In  hydroceles  communicating  with  the  general  peritoneal  cavity,  and 
in  hydroceles  occurring  in  old  hernial  sacs,  an  open  operation  with  ex- 
cision of  the  sac  is  the  only  operation  permissible.  The  injection  treat- 
ment is  absolutely  contraindicated  because  of  the  possibility  of  a  com- 
plicating hernia  and  the  dangers  of  introducing  the  iodin  or  carbolic  acid 
into  the  general  peritoneal  cavity.  In  one  case  I  was  compelled  to  per- 
form laparotomy  for  obstructive  symptoms  of  the  bowels  resulting  from 
the  injection  of  a  solution  of  iron  into  a  hernial  sac.  The  fluid  had  passed 
freely  into  the  peritoneal  cavity  and  produced  extensive  adhesions. 

In  hydrocele  of  the  hour-glass  type,  whether  of  the  extra-abdominal  or 
intra-abdominal  variety,  I  have  found  the  best  treatment  to  be  incision 
of  the  sac  in  the  scrotum,  stitching  to  the  external  integument,  and  in- 
troducing a  drainage-tube  to  the  extreme  limits  of  the  upper  sac. 
The  tube  is  to  be  gradually  shortened  from  day  to  day  as  the  sac 
contracts  and  becomes  obliterated  by  the  adhesive  inflammation  set  up 
by  the  presence  of  the  tube.  In  order  to  insure  asepsis  and  at  the  same 
time  secure  the  necessary  degree  of  obliterative  inflammation,  the  sacs 
may  be  irrigated  daily  with  an  iodin  solution  about  the  color  of  sherry 
wine,  which  is  made  by  mixing  the  necessary  amount  of  sterile  water 
with  tincture  of  iodin.  The  extensive  operations  which  would  be  re- 
quired to  dissect  out  these  sacs  are  not  to  be  advised,  as  the  treatment 
above  outlined  is  much  safer  and  has  proved  very  efficient. 

Varicocele. — Varicocele  consists  of  a  dilatation  and  elongation  of 
the  veins  of  the  spermatic  cord.  The  spermatic  veins  proper,  the  pam- 
piniform plexus,  is  chiefly  involved  and  the  veins  of  the  vas  only  to  a 
limited  degree.  The  condition  is  a  common  one.  Senn  found  that  about 
25  per  cent,  of  recruits  which  he  examined  for  the  American  volunteer 
army  in  1898  suffered  from  varicocele  to  some  degree,  but  he  rejected  but 
two  out  of  about  ten  thousand  men  because  of  this  condition. 
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Curling  found  that  23  per  cent,  of  recruits  for  an  English  army  pre- 
sented some  degree  of  varicocele.  The  statistics  of  the  French  army  gave 
10  per  cent,  suffering  from  varicocele.  The  lesion  is  almost  entirely 
limited  to  the  left  side,  if  only  one  testicle  is  involved.  Statistics  vary  on 
this  point;  it  is  probably  fair  to  say  that  out  of  one  hundred  cases  about 
90  per  cent,  are  limited  to  the  left  side  alone,  nearly  10  per  cent,  show 
involvement  of  both  sides,  usually  much  more  marked  on  the  left,  and 
less  than  1  per  cent,  are  limited  to  the  right  side.  Right-sided  varicoceles 
may  be  the  result  of  some  intra-abdominal  lesion  on  the  right  side,  as  a 
tumor  of  the  kidney,  interfering  with  the  return  circulation.  In  the  rare 
cases  in  which  a  right-sided  varicocele  is  found,  such  a  possible  cause 
should  be  sought  for.  Many  theories  have  been  launched  to  account  for 
the  notable  frequency  of  varicocele  of  the  left  side  as  compared  to  the 
right  side.  The  most  plausible  suggestion  is  the  anatomic  differences 
between  the  right  and  left  spermatic  veins. 

As  already  noted  in  discussing  the  surgical  anatomy  of  this  region, 
the  right  spermatic  veins  empty  obliquely  into  the  vena  cava  and  the  left 
at  Mght  angles  into  the  renal  veins.  It  seems  to  me  that  more  important 
than  this  is  the  probable  intermittent  obstruction  of  the  left  spermatic 
veins  by  the  now  empty  and  now  filled  sigmoid  flexure,  which  rests  upon 
it.  In  support  of  this  view  is  the  clinical  observation  that  individuals 
who  suffer  from  constipation  (i.  e.,  an  overloaded  sigmoid)  are  the  most 
frequent  sufferers  from  varicocele.  The  disease  is  developed  in  the  period 
from  puberty  to  the  thirty-fifth  year,  the  period  of  the  greatest  sexual 
activity.  About  18  per  cent,  occur  before  the  age  of  fifteen,  55  per  cent, 
from  the  fifteenth  to  the  twenty-fifth  year,  and  26  per  cent,  from  the 
twenty-sixth  to  the  thirty-fifth  year.  The  veins  are  dilated  and  elongated 
and  the  vein  walls  thickened.  In  cases  of  long  standing  the  testicle  is 
soft  and  flabby  and  smaller  than  normal.  The  most  important  etio- 
logic  factors  seem  to  be  a  hereditary  predisposition  to  such  vein  lesions, 
chronic  constipation,  and  bad  sexual  hygiene,  including  possibly  both  the 
extremes  of  ungratified  sexual  desire  and  sexual  excess. 

The  diagnosis  is  made  from  the  clinical  picture.  The  scrotum  is 
lax  and  the  left  side  hangs  down  lower  than  the  right  (Fig.  332).  There 
is  irregular  swelling,  which,  in  well-marked  cases,  can  be  seen  extending 
from  the  testicle  and  which  can  be  felt  to  extend  from  the  bottom  of  the 
scrotum  to  the  external  ring.  On  palpating  this  swelling  it  feels  like  a 
mass  consisting  of  cells  of  distended  veins.  This  has  been  compared  to  a 
mass  of  angle  worms.  When  the  patient  assumes  the  recumbent  position 
the  veins  empty  themselves  and  the  swelling  disappears.  On  coughing 
in  the  recumbent  position  no  impulse  can  be  felt,  but  in  large  varicoceles 
a  distinct  impulse  can  often  be  felt  on  coughing  when  the  patient  is  in  the 
erect  position,  and  because  of  this  fact  the  mistake  of  diagnosticating 
these  cases  as  hernia  is  often  made. 

Not  infrequently  a  patient  comes  into  the  clinic  wearing  a  truss,  and 
sometimes  stating  that  he  obtained  some  comfort  from  it,  and  yet  ex- 
amination makes  clear  that  the  trouble  is  a  large  uncomplicated  varico- 
cele.   Large  varicoceles  often  seem  to  cause  atrophy  of  the  testis.    The 
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unyielding  walls,  so  tensely  distended  with  fluid  that  no  sense  of  fluctua- 
tion could  be  made  out. 

In  doubtful  cases  an  aspirating  syringe  will  determine  the  diagnosis. 
Spermatoceles  are,  as  a  rule,  small  cysts  placed  near  the  head  of  the 
epididymis,  and  the  examining  fingers  can  feel  the  testicle  and  the  sper- 
matocele as  two  distinct  masses  within  the  scrotum. 

Chronic  inflammations  of  the  testis  and  epididymis  are  not  infre- 
quently accompanied  with  a  hydrocele,  usually  of  small  size;  when  the 
hydrocele  is  of  considerable  size,  it  may  so  surround  the  essential  pathologic 
lesion  that  this  cannot  be  clearly  made  out  until  the  fluid  is  withdrawn, 
and  then,  instead  of  finding  a  normal  testicle  as  in  simple  hydrocele,  a 
hard,  enlarged,  frequently  more  or  less  irregular  mass,  the  result  of  a 
tuberculous  or  syphilitic  process,  is  discovered. 

In  addition  to  hydrocele  of  the  tunica  vaginalis,  several  other  forms 
are  met  with:  hydrocele  of  the  cord;  hydrocele  communicating  with  the 
general  peritoneal  cavity;  hydrocele  in  a  hernial  sac;  hour-glass-shaped 
hydrocele,  hydrocele  biloculari?,  which  may  be  either  extra-abdominal 
or  intra-abdominal. 

Hydrocele  of  the  cord  is  especially  common  in  infancy.  It  is  due  to  a 
persistent  peritoneal  pouch  about  the  cord  which  becomes  distended 
with  fluid.  It  is  frequently  mistaken  for  hernia.  I  often  have  these 
children  brought  to  the  clinic  with  the  statement  that  the  hernia  cannot 
be  retained  with  a  truss,  and  find  on  examination  no  hernia,  but  a  hydro- 
cele of  the  cord.  Usually  the  diagnosis  can  be  made  from  the  sense  of 
fluctuation  and  the  delicate  bluish  color  of  the  sac,  showing  through  the 
thin  integument. 

Many  of  these  cases  which  extend  well  up  into  the  canal  give  a  distinct 
impulse  on  coughing.  The  diagnosis  is  to  be  confirmed  by  the  fine  needle 
of  a  hypodermic  syringe.  A  rare  form  is  a  hydrocele  communicating 
with  the  general  peritoneal  cavity  through  a  persistent  vaginal  process. 
This  gives  the  interesting  clinical  picture  of  disappearance  of  the  swelling 
when  the  patient  assumes  the  recumbent  position,  and  it  is  on  this  account 
difficult  to  distinguish  from  a  reducible  inguinal  hernia.  A  needle  should 
not  be  employed  in  these  cases  as  a  means  of  diagnosis,  nor  should  any 
form  of  injection  treatment  be  adopted,  but  an  open  operation,  such  as  is 
employed  in  congenital  inguinal  hernia,  should  be  carried  out,  because  of 
the  uncertainty  of  diagnosis,  because  of  the  fact  that  this  form  is  often 
associated  with  hernia,  and  because  of  the  great  dangers  to  which  the 
patient  would  be  exposed  by  injecting  irritating  fluids  into  the  sac,  when 
these  fluids  may  find  their  way  into  the  general  peritoneal  cavity.  Hydro- 
cele in  an  old  hernial  sac  may  occur  when  the  neck  of  the  sac  becomes 
closed  by  adhesive  inflammation,  as,  for  instance,  from  the  wearing  of  a 
truss,  and  later  the  development  of  a  hydrocele  in  the  closed-off  hernial 
sac.  Depending  upon  the  size  of  the  sac,  such  a  hydrocele  may  simulate 
a  hydrocele  of  the  cord  or  one  of  the  tunica  vaginalis  proper. 

Hour-glass-shaped  hydroceles  of  two  distinct  varieties  occur — one 
extra-abdominal,  the  other  intra-abdominal.  In  the  extra-abdominal 
type  there  are  two  sacs,  one  in  the  scrotum  and  one  in  the  groin,  connected 


DISEASES  OF  TUNICA   VAGINALIS   AND  SPERMATIC   CORD. 


605 


by  a  narrow  channel  surrounding  the  cord.  In  the  intra-abdominal 
type  one  sac  is  in  the  scrotum  and  one  in  the  abdomen,  connected  by  a 
narrow  process  of  peritoneum  passing  through  the  inguinal  canal.  In 
one  case  which  I  operated  upon  the  scrotal  sac  was  as  large  as  two  fists, 
and  the  intra-abdominal  tumor  was  almost  as  large  as  a  pregnant  uterus. 
The  two  contained  more  than  a  gallon  of  fluid  (Fig.  326). 

In  recent  hydroceles  the  tunica  vaginalis  is  thin  and  delicate,  almost 
normal  in  appearance.  In  hydroceles  of  old  standing  the  tunic  may 
become  much  thickened  and  altered.  I  have  seen  the  tunica  vaginalis 
half  an  inch  in  thickness  and  of  almost  cartilaginous  hardness.  Occa- 
sionally calcareous  plates  are 
found  in  it. 

Treatment. — The  treatment 
of  hydrocele  can  be  well  divided 
into  palliative  and  radical,  and 
the  radical  be  again  divided 
into  treatment  by  injection  and 
treatment  by  open  operation. 
The  palliative  consists  of  tap- 
ping and  removal  of  the  fluid 
with  trocar  and  cannula,  and 
repeating  this  as  often  as  the 
fluid  accumulates  in  sufficient 
amount  to  cause  discomfort.  In 
a  small  percentage  of  cases  the 
simple  tapping  is  followed  by 
cure.  This  palliative  treatment 
hajs  but  a  limited  field  of  useful- 
ness, and  at  the  present  time  is 
to  be  advocated  only  in  excep- 
tional cases.  It  is  a  proper 
method  when  the  extreme  age 
of  the  patient  or  the  existence 
of  some  serious  organic  lesions 
contraindicates  even  the  slight- 
est surgical  interference.  The 
treatment  by  injection  is  the 
simplest  method  and  is  to  be  employed  in  the  majority  of  cases. 

Formerly  the  tincture  of  ioclin  or  a  solution  of  iodin  in  iodid  of 
potassium  were  employed.  These  fluids,  however,  had  the  disadvantage 
of  causing  great  pain,  and  they  have  l)een  largely  displaced  by  the  injec- 
tion of  95  per  cent,  of  carbolic  acid,  first  introduced  by  Levis,  of  Phila- 
delphia. 

In  order  to  ]ye  safe  and  successful  this  operation  must  be  carefully 
and  properly  carried  out.  The  technic  is  as  follows:  The  scrotum  is 
sterilized  by  shaving  and  scrubbing  with  soap  and  water  and  alcohol 
as  for  any  aseptic  operation.  A  half  dozen  drops  of  1  per  cent,  solution 
of  cocain  are  injected  into  the  scrotal  integument  in  front  and  a  little 


Fio.  326.— Tumor. 
Hour-glass  hydrocele,  intra-abdominal  type. 
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doing  any  damage  to  the  testis  or  interfering  with  its  function.     About 

two  inches  of  the  veins  are  included 
between  two  catgut  ligatures  (Fig. 
333) .  The  portion  between  the  liga^ 
tures  is  now  resected  and  the  ends 
of  the  ligatures  are  tied,  shortening 
somewhat  the  cord  (Fig.  334).  The 
small  external  incision  is  closed 
with  horsehair  sutures  and  sealed 
with  collodion.  The  patient  is  kept 
in  the  recumbent  position  for  a  week 
and  is  required  to  wear  a  snug-fit- 
ting suspensory  bandage  for  from 
six  to  eight  weeks  after  the  opera- 
tion. The  advantages  of  this  tech- 
nic  over  the  older  plans  are  very 
marked.  The  incision  is  small  and 
yet  the  entire  spermatic  cord,  if 
desired,  can  be  brought  into  view. 
It  is  much  easier  to  insure  asepsis 
with  the  incision  over  the  external 
ring  than  when  it  is  placed  in  the 
tissues  of  the  scrotum.  It  is  much 
more  comfortable  to  the  patient  to 
have  the  incision  in  the  immovable 
tissues  at  this  point  than  in  the 
It  is  much  easier  to  avoid  the  develop- 


Fio.  334. — Variocele  Operation. 
Ligatures  tied  after  resection  of  spermatic 
veins:   1,  Vas  deferens;  2,  spermatic  artery;  3, 
spermatic  veins;  4,  outline  of  testicle  and  cord. 


changing  tissues  of  the  scrotum, 
ment  of  a  hematoma  in  the  scro- 
tum by  the  method  which  I  sug- 
gest than  by  the  older  methods. 
The  cocain  method  of  anesthesia, 
if  properly  employed,  eliminates 
the  dangers  and  dread  which  come 
with  a  general  anesthetic,  and  if 
the  technic  is  well  carried  out, 
the  tissues  gently  handled,  and 
the  operation  not  hurried,  it 
carries  with  it  less  discomfort 
than  the  filling  of  an  ordinary 
tooth. 

If  the  scrotum  is  unusually 
long  and  lax,  it  may  be  abbrevi- 
ated by  clamping  it  off  with  a 
curved,  fenestrated  gastro-enter- 
ostomy  clamp,  introducing  mat- 
tress sutures  in  the  opening  in 
the  blades  and  tying  these  before 
the  redundant  portion  beyond 
the  clamps  is  removed.    The  clamp  can  be  applied  transversely,  or  better 


Fig.  336. — Excibion  op  the  Scrotum  at  Right 
Angles  with  RaphI:  for  Varicocele  (Hart- 
mann). 

Retention  stitches  applied;  one  pair  of  force]*  re- 
moved and  interrupted  suturing  begun. 
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possibly  sagittally,  as  suggested  by  E.  Wyllys  Andrews.  If  this  last- 
mentioned  plan  is  employed,  the  scar  takes  the  place  of  the  medium 
raph^  and  is  not  noticeable.  Fig.  335  shows  abbreviation  of  the  scrotum. 
The  results  of  varicocele  operations  under  modern  technic  are  excel- 
lent; the  dangers  are  very  small  under  asepsis  and  local  anesthesia.  A 
cure,  as  far  as  the  real  discomforts  resulting  from  the  enlarged  veins  are 
concerned,  can  almost  always  be  obtained.  The  mental  distress  resulting 
from  the  real  discomforts  of  the  condition  and  the  worry  about  the  visible 
existence  of  the  lesion  as  a  rule  disappear.  In  some  neurotics,  in  which 
the  varicocele  is  but  an  incident  and  not  a  cause  of  the  neurosis,  little 
good  can  be  hoped  for,  beyond  that  obtained  by  the  suggestion. 


INJURIES,  DISLOCATION,  AND  TORSION  OF  TESTIS. 

Injuries. — Subcutaneous  injuries  of  the  testicle  occur  from  blows 
of  the  fist,  kicks,  injuries  received  in  games  such  as  base-ball,  foot-ball, 
gymnastics,  horseback-riding,  etc.,  or,  without  any  apparent,  direct  in- 
jury, from  great  muscular  effort.  The  injury  is  a  peculiarly  painful  one 
and  often  accompanied  by  a  severe  degree  of  general  symptoms  com- 
pared with  the  extent  of  the  local  injury.  Nausea,  vomiting,  and  great 
weakness  are  common.  Fainting  and  evidences  of  extreme  shock  occur 
in  severe  cases.  Even  fatal  shock  has  been  reported  from  contusion  of  the 
testis  and  yet  nothing  more  than  slight  local  hemorrhage  has  been  found 
post  mortem. 

As  a  result  of  the  injury  more  or  less  extravasation  of  blood  and  swell- 
ing, especially  of  the  epididymis,  may  appear.  The  clinical  picture  is 
essentially  that  of  an  orchitis  or  an  epididymitis  of  traumatic  origin. 
The  treatment  is  rest  and  a  suspensory  bandage. 

Dislocation. — As  the  result  of  blunt  force  a  singular  accident  is 
occasionally  noted,  i.  e.,  dislocation  of  the  testicle  up  into  the  inguinal 
region,  on  the  anterior  surface  of  the  thigh,  or  down  into  the  perineum. 
Usually  the  dislocated  organ  can  be  readily  reduced.  Unless  reduced  the 
testicle  may  remain  permanently  in  its  dislocated  position,  becoming 
bound  down  by  new  connective  tissue,  which  will  prevent  its  reduction 
except  by  open  operation.  These  cases  are  not  to  be  confounded  with  kyrpt- 
orchidism.  I  have  seen  several  cases  in  which  the  story  was  told  by  the 
patient  of  having  had  two  testicles,  but  that  owing  to  some  injury  one 
slipped  into  the  abdomen,  and  yet  upon  operation  I  have  found  definite 
evidence  of  undescended  testis,  which  had  never  been  in  the  scrotum. 
It  is  a  common  failing  of  people  to  deny  congenital  malformations. 

Abnormal  Movability. — A  few  cases  are  found  in  which  the 
testicle  is  very  movable,  so  that  it  can  be  pushed  up  on  the  groin  or  even 
into  the  inguinal  canal.  The  condition  is  due  to  the  existence  of  a  large 
pouch  of  peritoneum  filling  the  scrotum  and  extending  up  on  the  groin 
and  into  the  canal,  and  in  this  pouch  the  testicle  hangs  suspended.  It  is 
in  this  class  of  cases,  as  w^ell  as  in  undescended  testis,  that  we  are  apt  to 
find  occurring  the  accident  known  as  torsion  of  the  cord  (Fig.  336). 

The  torsion  occurs  suddenly  after  an  injury  or  some  violent  muscular 
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exertion,  and  is  accompanied  with  much  the  same  symptoms  as  a  strangu- 
lated hemia  (severe  pain,  nausea,  vomiting,  and  evidences  of  shock). 
Following  this,  there  develops  swelling  in  the  scrotum,  thrombosis  of  the 
spermatic  veins,  and,  where  the  circulation  is  entirely  cut  off,  necrosis  of 
the  testis.  This  accident  occurs  in  undescended  testis  more  frequently 
than  in  organs  situated  in  their  normal  position. 

It  is  difficult  to  differentiate  this  condition  from  strangulated  hemia. 
Both  of  course  demand  immediate  operative  relief.  If  on  operation  the 
testicle  is  found  necrotic,  its  blood-supply  being  entirely  cut  off,  the  organ 
should  be  removed.  If  operated  upon  early  and  the  circulation  is  found 
not  to  be  entirely  cut  off,  the  torsion  should  be  untwisted  and  the  testicle 
fixed  by  buried  stitches  so  that  the  accident  cannot  recur. 

Stab  wounds,  gunshot  wounds,  lacerated  wounds,  incised  wounds, 
etc.,  of  the  testis  occur,  and  are  to  be  treated  on 
general  surgical  principles.  If  possible,  the  injury 
is  to  be  repaired  with  fine  catgut  stitches  passed 
through  the  tunica  albuginea.  These  prevent  the 
prolapse  of  the  soft  secreting  tissue  of  the  organs. 


ACUTE  INFLAMMATIONS  OF  THE  TESTIS  AND 
EPIDIDYMIS. 

In  addition  to  the  so-called  traumatic  epididy- 
mitis and  orchitis  (terms  which  are  applied  to  the 
acute  reaction  with  swelling  and  pain  which  follows 
injury  to  these  organs,  and  which  conditions  have 
already  been  described  under  that  head),  there  are 
recognized  two  distinct  forms  of  epididymitis  and 
orchitis  depending  upon  infection  with  micro-organ- 
isms. There  is  a  urethral  form  and  a  metastatic 
form. 

The  urethral  form  is  much  the  more  common 
and  is  due  to  acute  inflammation  of  the  urethra 
extending  along  the  vas  to  the  epididymis  or  to  the 
testis.  The  germ  usually  is  the  gonococcus;  any 
pyogenic  micro-organism,  however,  may  be  the 
cause.  About  20  per  cent,  of  gonorrheal  attacks  are  complicated  with 
an  involvement  of  the  epididymis.  The  testis  is  involved  in  but  a  small 
percentage  of  the  cases.  The  introduction  into  the  urethra  of  instru- 
ments carrying  various  germs  may  lead  to  urethritis,  which  may  extend 
along  the  vas  to  the  testicle,  or  the  traumatism  of  an  already  infected 
urethra,  even  with  clean  instruments,  may  lead  to  the  lighting  up  of  a 
latent  gonorrheal  or  other  inflammatory  process,  which  may  extend  to 
the  testis.  The  frequent  use  of  a  catheter  in  cases  of  enlarged  prostate 
is  responsible  for  many  cases. 

The  second  form  is  metastatic  inflammation  of  the  epididymis  and 
testis  proper,  in  which  the  germs  are  brought  to  these  organs  through  the 
circulation  and  find  there  favorable  conditions  for  their  lodgment  and 


Fig.   336. — Torsion   of 
THE  Spermatic 

Cord  with  Acute 
Gangrene  of  the 
TfaTicLE  (after 
Cohen). 
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development  with  resulting  inflammation.  Mumps  and  t3rphoid  fever 
are  the  diseases  in  which  the  metastatic  form  chiefly  occurs.  Occasionally 
it  is  met  with  in  other  acute  infectious  diseases,  as  grip,  variola,  acute 
articular  rheumatism,  etc.  In  the  metastatic  form  the  testicle  proper  is 
much  more  often  the  site  of  the  inflammation  than  is  the  epididymis. 

In  acute  epididymitis  the  organ  swells  to  a  large  size  so  that  it  becomes 
larger  than  the  testis  proper.  The  entire  epididymis  may  be  involved 
equally  or  the  tail  or  head  may  be  the  principal  seat  of  enlargement 
(Fig.  337). 

Symptoms. — The  local  symptoms  are  pain,  swelling,  tenderness  of 
the  testis  with  some  edema  of  the  scrotum,  and  in  many  cases  an  acute 
hydrocele.  The  general  symptoms  (chill,  fever,  and  weakness)  may  be 
slight,  but  are  sometimes  marked.  The  duration  of  the  acute  symptoms 
varies  from  one  to  two  weeks.  The  pain,  swelling,  and  tenderness  grad- 
ually disappear,  leaving  for  some  time,  as  a  rule,  a  hard  lump  in  the  head 


Fig.  337. — Schematic  Representation  of  Scrotal  Tumors  (Koenig). 
,  In  acute  orchitis;  b,  in  acute  epididymitis;   c.  in  periorchitis;    T,  testis;   £,  epididymis;   T.v.p^ 

tunica  vaginalis  propria. 


or  tail  or  both  of  the  epididymis,  which  lump  may  disappear  or  persist 
permanently.  This  fact  is  of  the  greatest  importance,  as  it  has  been 
found  that  where  this  induration  persists  the  canal  of  the  epididymis  is 
permanently  blocked,  so  that  spermatozoa  can  no  longer  be  furnished  by 
the  involved  organ.  If  this  condition  is  bilateral,  the  individual  is  sterile. 
Double  epididymitis  is  the  most  common  cause  of  sterility  in  the  male. 

Treatment. — The  treatment  in  the  acute  stage  is  rest  in  the  re- 
cumbent position  with  the  support  of  the  testicles  well  up  over  the  ab- 
domen by  means  of  a  triangular  bandage.  The  triangular  bandage 
(Fig.  338)  is  the  most  important  measure  of  treatment  which  can  be  em- 
ployed in  acute  inflammations  of  the  testis.  It  must  be  properly  put  on. 
It  consists  of  a  triangle  of  silk,  muslin,  or  gauze  about  two  feet  long  to 
which  is  fastened  with  a  safety-pin  a  double  piece  of  2-inch  roller  bandage 
sufficiently  long  (about  two  feet)  to  act  as  perineal  straps.  A  strip  of 
3-inch  bandage  is  tied  around  the  waist.  The  long  side  of  the  triangular 
bandage,  with  the  perineal  straps  pinned  to  its  center,  is  now  placed  under 


618  SURGERY   OF  THE   SCROTUM,   TESTICLE,   AND   CORD. 

the  scrotum.  The  perineal  straps  are  brought  around  the  thighs  and 
fastened  to  the  bandage  around  the  waist.  The  long  comers  of  the  tri- 
angle are  now  fastened  to  the  waist  bandage,  and  lastly  the  central  angle 
of  muslin  is  pinned  to  the  waist  bandage  with  a  safety-pin.  This  central 
angle  can  be  unfastened  when  the  patient  desires  to  urinate,  and  can  then 
be  readjusted  by  him. 

The  properly  adjusted  triangular  bandage  furnishes  the  patient  much 
more  comfort  than  any  other  form  of  treatment;  in  fact,  other  treatment 
can  well  be  dispensed  with.  Hot  fomentations  or  ice-bags  may  be  used 
if  they  seem  grateful.  Applications  of  iodin,  tobacco,  etc.,  are  best 
omitted. 

After  the  acute  stage  a  well-fitting  suspensory  can  be  worn  until  all 
evidence  of  the  disease  has  disappeared.  If  the  indiu-ation  and  swelling 
persist  for  weeks,  they  may  be  removed  by  strapping  the  testicle  with 
adhesive  straps.    Before  doing  this,  the  scrotum  should  be  shaved,  and 


Fio.  338. — Triangular  Bandage. 

the  half  of  the  scrotum  over  the  diseased  gland  is  then  grasped  just  above 
the  testicle  and  encircled  with  an  adhesive  strip,  half  an  inch  wide  and 
six  to  eight  inches  long.  This  is  put  on  sufficiently  tight  to  hold  the 
testis  below  the  strap;  then,  with  similar  strips  applied  in  both  a  circular 
and  vertical  way,  the  entire  half  of  the  scrotum  is  covered  with  adhesive 
plaster.  This  often  gives  great  relief  and  is  followed  by  a  rapid  reduction 
in  the  swelling.  The  strapping  should  be  repeated  every  two  daj's  until 
the  swelling  has  disappeared. 

In  a  few  cases  the  acute  inflammation  becomes  suppurative  and 
demands  incision  and  drainage.  The  evidence  of  the  suppiu-ative  process 
is  usually  sufficiently  clear  (chills,  persistence  pf  fever,  an  increase  in 
severity  of  the  local  symptoms).  If  the  organ  is  riddled  with  abscesses 
and  the  suppurative  process  becomes  a  chronic  one  associated  with 
fistulas,  castration  may  be  indicated. 
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CHRONIC  INFLAMMATION  OF  THE  TESTICLE  AND  EPIDIDYMIS. 

Tuberculosis. — ^Tuberculosis  of  the  epididymis  and  testicle  is,  next 
to  gonorrheal  inflammation,  the  most  common  disease  of  these  organs. 
The  disease,  in  the  overwhelming  majority  of  cases,  begins  in  the  epi- 
didymis and  extends  later,  as  a  rule,  to  the  testis  proper  (Fig.  339).  In 
only  a  small  percentage  of  cases  does  it  attack  the  testicle  before  the 
epididymis  is  affected.  The  tubercle  bacilli  gain  access  to  the  epididymis 
through  the  circulation.  An  ascending  tuberculous  inflammation  from 
the  urethra,  acquired  in  intercourse  with  a  woman  suffering  with  a  tuber- 
culous lesion  of  the  genitals,  was  regarded  at  one  time  as  the  cause  in 
some  cases.  This  theory  of 
infection  is  now  generally  dis- 
carded. In  a  large  percentage 
of  individuals  with  tuberculous 
infection  of  the  testis  a  preced- 
ing tuberculous  lesion  can  be 
determined,  and  it  is  probable 
that  in  most  of  the  remaining 
cases  a  tuberculous  focus  does 
exist  (as  a  bronchial  or  cervical 
gland  from  which  the  bacilli 
escape  into  the  circulation  and 
find  lodgment  and  favorable 
breeding-ground  in  the  epi- 
didymis). It  must  be  only  in 
a  small  percentage  of  the  cases 
that  the  bacilli  gain  access  to 
the  body,  through  either  the 
alimentary  tract  or  the  respirar 
tory  tract,  and  find  their  way 
immediately  into  the  circulation 
and  are  carried  to  the  testis  and 
produce  here  a  true  primary 
tuberculosis  of  this  organ. 

Factors  which  favor  the 
lodgment  of  the  tubercle  bacilli 
in  the  epididymis  are  trauma,  loss  of  local  resisting  power  due  to  previous 
disease  (as  a  gonorrheal  epididymitis) ,  and  the  congestion  of  active  sexual 
function.  It  is  to  be  observed  that  the  lesion  is  one  limited  largely  to 
the  period  of  active  sexual  life,  from  fifteen  to  fifty. 

It  was  for  a  time  believed  by  some  that  the  testicle  was  the  organ 
first  involved  in  genito-urinary  tuberculosis,  and  that  from  this  point  of 
infection  the  vas,  the  seminal  vesicles  and  prostate,  and  bladder,  ureter, 
and  kidneys  later  became  diseased  in  an  ascending  tuberculosis.  Others 
taught  that  the  kidney  was  first  diseased  and  that  the  ureter,  bladder, 
prostate,  vas,  and  testicle  were  involved  in  a  descending  process. 

It  is  today  accepted  as  a  demonstrated  fact  that  the  so-called  primary 


Fio.  339. — ^Tuberculosis  of  the  Epididymis  Ex- 
tending TO  THE  Testicle  by  Continuity 
OF  THE  Tuberculous  Process  (Senn). 
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tuberculosis  of  the  genito-urinary  organs  can  begin  at  a  number  of  points 
(kidney,  prostate,  and  testis,  and  in  the  female  the  tubes  and  ovary), 
and  that  the  course  taken  in  the  extensions  of  the  process  to  the  other 
organs  is  certainly,  as  a  rule,  with  and  not  against  the  lymph-stream. 

Tuberculosis  of  the  epididymis  begins  usually  as  a  subacute  process, 
sometimes  as  a  silent  process  without  any  symptoms  attracting  the  at- 
tention of  the  patient,  and  occasionally  as  rather  an  acute  process,  simulat- 
ing closely  gonorrheal  epididymitis.  In  these  acute  cases  there  is  often 
mixed  infection.  A  hard  lump  develops  in  the  head  or  tail  of  the  epi- 
didjrmis,  and  within  some  weeks  it  extends  along  the  vas,  producing  a 
nodular  thickening  of  this  structure.  The  tunica  vaginalis  is  often  in- 
volved and  becomes  more  or  less  distended  with  fluid  (a  symptomatic 
hydrocele).  As  a  rule,  within  a  few  weeks  or  months  the  process  ex- 
tends to  the  testis  proper  and  to 
the  surrounding  structures  of  the 
scrotum.  The  scrotum  becomes 
fixed  to  the  testis  by  the  extension 
of  the  tuberculous  process  and  a 
fistula  forms  through  which  the 
caseous  material  of  the  focus  in 
the  epididymis  is  discharged. 
Thus  the  process  frequently  goes 
on  to  apparent  cure.  Sometimes, 
in  extensive  involvement  of  both 
the  testicle  and  the  scrotum,  the 
tuberculous  granulation  tissue 
may  project  as  a  fungous  mass 
(Fig.  340). 

The  disease  may  extend  along 
the  vas  to  the  seminal  vesicles, 
prostate,  and  bladder,  and  to  the 
other  testicle.  The  disease  usually 
destroys  the  function  of  the  organ 
involved.  If  both  testicles  are 
diseased,  the  individual  is  sterile. 
Tuberculosis,  next  to  gonorrheal  disease  of  the  epididymis,  is  the  most 
common  cause  of  sterility.  The  diagnosis  is,  as  a  rule,  not  difficult. 
The  subacute  history,  the  marked  involvement  of  the  epididymis,  the 
nodular  thickening  of  the  vas,  the  possible  finding  of  evidences  of  the 
same  process  in  the  seminal  vesicles  by  rectal  examination,  the  presence  of 
fistulas  when  they  exist,  the  age  of  the  patient,  the  history  of  tuberculosis 
in  the  family,  etc.,  as  a  rule  make  the  clinical  diagnosis  sufficiently  clear. 
Treatment. — The  treatment  of  tuberculosis  of  the  testis  is  a  matter 
which  is  much  in  dispute.  Some  surgeons  are  in  favor  of  a  general  hy- 
gienic treatment  and  oppose  operation.  Others  believe  that  early  castra- 
tion is  indicated,  and  still  others,  especially  the  French  surgeons,  have 
strongly  urged  resection  of  the  involved  epididymis  with  retention  of  the 
testicle. 


Fio.  340. — Hernia  of  the  Testicle  Follow- 
ing Primary  Tuberculobis  of  the  Scro- 
tum (Duplay  and  Reclus). 
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Upon  an  analysis  of  a  considerable  number  of  cases  it  seems  that  the 
following  rules  of  treatment  should  be  adopted.  In  cases  of  tuberculosis 
of  the  testicle  in  individuals  suffering  from  other  evident  tuberculosis, 
the  treatment  should  be  the  open  air  and  general  hygienic  treatment  of 
tuberculosis,  and  no  operation  should  be  performed  unless  the  diseased 
testicle  is  a  source  of  discomfort  to  the  patient  and  is  affecting  the  general 
health ;  in  which  events  a  rapid  castration  under  nitrous  oxid  gas  should 
be  done.  In  cases  in  which  the  disease  of  the  testicle  is  the  only  apparent 
point  of  infection  a  wide  exploratory  operation  should  be  performed,  ex- 
posing fully  the  entire  extent  of  the  lesion.  If  the  disease  is  distinctly 
limited  to  the  epididymis  this  structure,  with  the  vas,  should  be  removed. 
If  the  testicle  is  at  all  involved,  the  testicle  and  cord  as  high  as  possible 
should  be  completely  removed. 

Cures  after  single  castration  are  obtained  in  about  40  per  cent,  of 
cases;  after  double  castration  in  about  50  per  cent, 
of  cases.  The  remainder  die  of  tuberculosis  of  the 
genito-urinary  organs  or  of  general  tuberculosis. 
In  the  treatment  of  tuberculosis  of  the  testis  too 
much  stress  cannot  be  placed  upon  the  importance 
of  the  outdoor  fresh  air  and  building  up  treatment, 
which  is  of  so  much  benefit  in  lung  tuberculosis. 
This  alone  will  cure  many  cases,  and  in  the  cases 
operated  upon,  it  should  always  be  carried  out. 

Syphilis. — Syphilis  of  the  testis  may  occur  in 
children,  the  result  of  inherited  syphilis,  or  in 
adults,  the  result  of  acquired  syphilis.  In  the 
adult  it  is  a  late  tertiary  manifestation  of  the 
disease.  Syphilis  of  the  testis  affects  in  almost 
all  cases  the  testicle  proper,  differing  sharply  in 
this  regard  from  tuberculosis,  which  usually  at- 
tacks the  epididymis  first.  This  fact  is  of  much 
importance  in  making  the  differential  diagnosis 
between  the  two  diseases.  Syphilis  of  the  testis 
occurs  in  two  forms:  as  a  diffuse  thickening  of  the 
fibrous  tissues  of  the  testis,  which  may  go  on  to  a 
complete  destruction  of  the  secreting  tissue,  or  as  a 
gumma  beginning  more  or  less  centrally,  extending  in  all  directions  (Fig. 
341),  and  leading,  if  not  checked  by  treatment,  to  a  destruction  of  the 
testis. 

The  disease  runs  a  painless  course;  the  attention  of  the  patient  is 
called  to  the  gradual  increase  in  size  of  the  affected  organ.  This  may  be- 
come so  large  and  heavy  as  to  produce  dragging  pains  along  the  cord. 
A  symptomatic  hydrocele  is  often  present.  The  gumma  may  soften  and 
be  discharged  through  a  fistula  in  the  scrotum  (Fig.  342).  When  at  all 
extensive,  the  syphilitic  process  destroys  the  function  of  the  testicle. 
When  both  testicles  are  thus  involved,  sterility  is  the  result. 

The  diagnosis  is  made  from  the  history  of  the  case,  from  the  existence 
of  other  evidences  of  syphilis,  the  chronic,  painless  course,  the  limitation 


Fig.  341. —  Ixtrate«ti- 
CULAR  Gumma  with 
Sclerosis  or  Sur- 
ROUNDiNo  Tissue 

(Duplay  and  Reclus). 
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of  the  process  to  the  testis  proper,  and  the  hard,  elastic  feel  on  palpation. 
The  differential  diagnosis  must  be  made  especially  between  syphilis,  tuber- 
culosis, and  tumor.  Not  infrequently  iodid  of  potassium  must  be  em- 
ployed as  an  aid  to  diagnosis  as  well  as  a  means  of  treatment.  It  should 
be  given  in  10-grain  doses  three  times  a  day,  the  dose  being  gradually  in- 
creased from  1  grain  to  5  grains  a  day,  depending  upon  how  well  it  is  borne. 
The  increase  is  continued  progressively  until  the  patient  is  taking  from 
100  to  300  grains  daily. 

The  syphihtic  swelling,  as  a  general  thing,  rapidly  melts  away  under 

this  treatment.  In  long- 
standing cases  it  is  probable 
that  the  function  of  the  organ 
is  usually  lost.  After  the 
swelling  has  disappeared  a 
mercurial  course  should  be 
given  either  by  inunction  or 
hypodermic  injection. 

The  other  causes  of  chronic 
inflammation,  such  as  leprosy 
and  actinomycosis,  seldom 
involve  the  testis.  1  have  met 
with  one  case  of  actinomycosis 
of  the  testis  in  a  case  of  lung 
actinomycosis.  In  this  case, 
of  course,  the  testicle  became 
infected  through  the  circula- 
tion. An  abscess  involving 
the  epididymis  was  opened 
and  drained  and  the  disease  of  the  testicle  cleared  up  under  large  doses 
of  the  iodid  of  potassium. 


Fio.  342.- 


-UlCERATINGGdMMA  OF  THE   LeFT  TESTICLE 

(Saint-Louis,  Le  Dentu). 


SPERMATOCELESj  RETENTION  CYSTS  OF  THE  TESTICLE  AND 

EPIDIDYMIS. 

Spermatoceles  are  cysts  containing  fluid  in  which  spermatozoa  are 
found.  They  are  situated  most  frequently  in  the  neighborhood  of  the 
head  of  the  epididymis,  and  are  often  placed  between  this  and  the  testis 
proper.  They  vary  in  size  from  the  size  of  a  plum  to  the  size  of  an  egg, 
seldom  larger,  although  a  few  cases  are  reported  which  contained  a  pint 
or  more  of  fluid. 

It  is  believed  that  they  originate  in  some  of  the  fetal  remains  about 
the  testicle  and  epididymis.  These  fetal  remains  are  the  so-called 
appendices  of  the  epididymis  and  testicle  (the  hydatids  of  Morgagni, 
both  the  sessile  and  pedunculated;  the  paradidymis  or  organ  of 
Girald^s  and  the  vas  aberrans  and  the  vas  du  rete).  From  any  of  these 
fetal  structures  a  retention  cyst  can  develop.  As  a  rule,  such  cysts  con- 
tain spermatozoa,  although  these  cells  may  be  absent. 

The  diagnosis  is  made  from  the  position  of  the  cysts  near  the  junction 


TUMORS  OF  THE   TESTICLE. 
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of  the  epididymis  and  testis  and  independent  of  both.  Usually  one  can 
make  out  all  three  structures — cyst,  testis,  and  epididymis.  The  develop- 
ment is  slow  and  painless.  The  lesion  is  one  of  little  moment,  unless  it 
attains  a  large  size. 

As  possible  etiologic  factors  are  to  be  mentioned  trauma  and  in- 
flammatory lesions,  such  as  gonorrheal  inflammation  of  the  testis.  Some- 
times calcareous  or  even  bony  infiltration  of  the  cyst  wall  occurs.  The 
differential  diagnosis  must  be  made  from  hydrocele  and  neoplasm.  Its 
size,  shape,  and  location  usually  enable  one  to  distinguish  it  from  hydro- 
celes. The  finding  of  spermatozoa  in  the  fluid  withdrawn  can  no  longer  he 
regarded  as  sufficient  to  establish  a  diagnosis,  as  it  has  been  found  that 
spermatozoa  are  present  in  a  certain  proportion  of  hydroceles. 

The  sac  may  be  intravaginal  (Fig.  343),  but  in  most  cases  it  is  outside 
of  the  tunica  vaginalis.     If  of  small  size  (as  large  as  a  cherr}^  or  small 
plum)  and  giving  rise  to  no  discomfort  and 
not  increasing  in  size,  it  may  be  let  alone. 

The  withdrawal  of  the  fluid  with  a  needle 
and  an  aspirating  syringe  is  occasionally  fol- 
lowed by  cure,  as  is  also  the  injection  of  a 
few. drops  of  carbolic  acid  into  the  sac  after 
the  removal  of  the  fluid.  As  a  rule,  how- 
ever, the  fluid  reaccumulates.  A  radical  cure 
can  only  be  assured  by  the  complete  removal 
of  the  sac.  This  can,  as  a  rule,  be  easily 
accomplished.  An  immediate  closure  of  the 
wound  should  be  made. 


TUMORS  OF  THE  TESTICLE^ 

Almost  every  variety  of  neoplasm  may 
occur  in  the  testicle.  Tumors  of  the  testicle 
are  not  very  common.  The  benign  connective 
tissue  tumors  (the  lipoma,  fibroma,  enchon- 
droma,  and  osteoma)  are  seldom  encountered. 

Lipomata  occur  within  the  scrotum  not  infrequently,  but  as  a  rule  do  not 
involve  the  testis,  but  do  involve  the  cord.  It  is  not  uncommon  to  find 
a  large  Upomatous  ma.ss  around  the  cord  in  connection  with  a  hernial  sac. 

The  malignant  connective-tissue  tumors  (the  sarcomata)  are  fairly 
common.  They  occur  in  children  and  in  early  adult  life.  They  are  be- 
lieved to  occur  more  frequently  in  undescended  testicles  than  in  those 
normally  placed.  Either  the  testicle  or  the  epididymis  is  the  starting- 
point  of  the  growth.  The  usual  type  is  the  small,  round-celled,  or  spindle- 
celled  sarcoma.  Sometimes  melanotic  sarcomata  occur.  The  course 
of  sarcoma  of  the  testis  may  be  slow,  but  is,  as  a  rule,  rapid;  the 
process  extending  up  along  the  spermatic  cord  to  the  abdominal  cavity. 
If  let  alone,  the  growth  may  break  through  the  scrotal  tissue  and  present 
a  great  fungous,  malignant  mass.  The  prognosis  is  bad.  I  have  never 
seen  a  permanent  cure,  even  after  fairly  early  and  complete  castration. 


Fig.  343. — Spermatoceioi 
(Kocher). 
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Permanent  cures,  however,  have  been  reported,  and  it  is  our  duty  to 
make  a  complete  castration,  with  removal  of  the  cord  as  high  up  as  pos- 
sible, in  all  patients  who  do  not  show  any  evidence  of  general  sarcomatous 
disease.  From  our  present  knowledge  I  should  advise,  in  the  round  and 
spindle-celled  forms,  an  extended  treatment  with  Coley's  mixed  toxins  of 
bacillus  erysipelas  and  micrococcus  prodigiosus,  as  a  possible  means  of  pre- 
venting recurrence  of  the  tumor  after  castration. 

The  majority  of  malignant  tumors  of  the  testis  are  carcinomata. 
They  develop  usually  in  the  tissue  of  the  testicle  proper.  They  may 
be  of  the  medullary  type  or  scirrhus.  The  cancerous  invasion  extends 
early  to  the  inguinal  lymph-glands  and  the  retroperitoneal  glands. 
The  diagnosis  is  made  from  the  hardness  and  irregularity  of  the  swelling, 
the  absence  of  acute  symptoms,  and  by  excluding,  when  possible,  syph- 
ilis. In  case  of  doubt  an  explora- 
tory incision  into  the  swelling 
should  be  made.  When  the  diag- 
nosis is  determined  on,  the  treat- 
ment should  be  the  most  radical 
castration  with  high  removal  of 
the  cord  and  extirpation  of  the 
inguinal  lymph-glands.  The  prog- 
nosis is  bad.  A  few  permanent 
cures  have  been  reported,  but  they 
are  rare  exceptions  to  the  rule.  It 
is  quite  certain  that  earlier  opera- 
tions would  give  a  much  better  out- 
look. 

Dermoid  cysts  and  teratomata 
of  the  testicle  occur  just  as  in  the 
ovary  (Fig.  344).  The  tumor  is 
one  of  early  life,  although  it  may 
not  develop  to  a  size  sufficient  to 
attract  attention  until  puberty  or 
later.  The  definite  diagnosis  can- 
not be  made  except  by  exploratory 
puncture  or  incision.  The  tumors  are  essentially  benign,  although  they 
may  become  the  site  of  sarcomatous  or  carcinomatous  degeneration. 

The  treatment  is  removal  of  the  growth  and  leaving  the  testicle  if  this 
is  possible.    The  prognosis  is  favorable. 


Fig.  344. — A  Dermoid  of  the  Testis  Shown 
IN  Skction  (Muaeum  Royal  College  of 
Surgeona,  London). 


THE  OPERATION  OF  CASTRATION. 

The  operation  of  castration,  on  both  man  and  the  lower  animals,  is 
one  of  the  oldest  of  surgical  procedures.  It  has  a  wide  range  of  applica- 
tion. It  may  become  necessary  for  extensive  injury,  gangrene,  acute 
processes  in  which  the  organ  is  riddled  with  multiple  abscesses,  in  chronic 
inflammations  such  as  tuberculosis,  and  it  is  especially  demanded  in 
malignant  disease. 
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The  operation  is  one  which  can  be  rapidly  done,  and  I  have  therefore 
of  late  years  used  nitrous  oxid  gas  as  the  anesthetic  of  choice  in  these  cases. 
An  incision  is  made  beginning  over  the  external  ring  and  extending  down 
the  scrotum  for  about  three  inches.  This  divides  the  skin  and  dartos. 
In  cases  where  the  skin  is  involved  an  elliptic  incision  including  the  dis- 
eased part  is  made.  The  testicle  and  cord  with  their  coverings  are  then 
separated  from  the  scrotal  tissue.  If  the  condition  demanding  castration 
is  one  in  which  the  cord  may  be  involved,  as  in  tuberculosis  or  malignant 
disease,  the  inguinal  canal  should  be  split  up  and  the  cord  ligated  as  high 
as  possible  before  division.  The  ligation  of  the  cord  must  be  most  thor- 
oughly done.  I  have  seen  several  serious  hemorrhages  after  castration 
because  of  the  slipping  of  the  ligatures  on  the  cord  (Figs.  345  and  346). 

It  is  well  to  transfix  the  cord  at  an  avascular  part  and  double  ligate 
and  even  put  on  a  second  ligature  around  the  suture  cord  for  additional 


Fio.  345. — Castration.  Fio.  346. — Castration. 

Line  of  incision.  Ligation  of  cord. 

safety.  In  the  aseptic  cases  the  wound  is  completely  closed  with  the  ex- 
ception of  a  small  drain  of  gutta-percha,  which  is  removed  at  the  end  of 
twenty-four  hours.  In  the  infected  cases  thorough  drainage  must  be 
provided. 

Occasionally,  sexual  neurotics  come  to  the  surgeon  and  demand 
castration  as  a  relief  from  their  condition.  I  have  known  several  cases  in 
which  surgeons  have  unfortunately  consented  to  do  this.  Such  operations 
as  these  are  criminal  and  should  under  no  circumstances  l^e  countenanced 
by  the  profession.  The  same  shoukl  be  said  of  the  operation  of  resection 
of  the  vas  in  these  individuals.  These  patients  are  afterward  often  sorry 
that  the  operations  were  performed  and  in  some  cases  sue  the  surgeon  for 
malpractice. 
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DISEASES  OF  THE  SEMINAL  VESICLES. 

The  seminal  vesicles  can  be  examined  with  the  finger  introduced  into 
the  rectum  and  carried  up  above  the  upper  limits  of  the  prostate  gland. 
In  normal  cases  the  seminal  vesicles  are  so  soft  and  compressible  that  they 
cannot  be  distinctly  outlined,  but  when  these  structures  are  infiltrated 


Fio.  347. — Exposure  or  the  Prostate  Gland,  the  Seminal  Vesicles,  etc.,  by  Means  or  ▲ 
Prerectal  Flap  Incision  by  the  Method  op  O.  Zuckerkandl  (Zuokerkandl). 
Above,  the  wound  is  bounded  by  the  bulb  of  the  urethra  (B),  with  the  bulbocavemoeus  muacle, 
and  by  the  cavernous  bodies  of  the  penis  with  the  ischiocavernosus  muscle  (/c).  Between  the  bulb 
and  the  prostate  a  portion  of  the  membranous  part  of  the  urethra  (Pwi)  is  visible.  The  detach- 
ment of  the  rectum  has  been  effected  in  maximum  degree.  The  prostate  gland  (P),  the  seminal 
vesicles  (V«).  the  extraperitoneal  portion  of  the  posterior  wall  of  the  bidder  and.  finally,  at 
the  bottom  ot  the  wound,  the  line  of  reflection  of  the  peritoneum  (Bf)  from  the  bladder  upon  the 
rectum  {R)  are  exposed  to  view. 


with  disease,  as  tuberculosis  or  carcinoma  or  acute  inflammation  and 
abscess,  they  can  be  easily  felt. 

By  massage  the  contents  of  the  seminal  vesicles  can  be  forced  into  the 
urethra  or  bladder  and  an  examination  be  made  to  determine  the  character 
of  the  fluid.  Injuries  of  the  seminal  vesicles  are  rare  on  account  of  the 
protected  position  of  the  structures.  Injury  may  occur  in  gunshot  wounds 
and  fractures  of  the  pelvis,  but  is  more  frequently  seen  as  an  accident  in 
operations  on  the  bladder,  prostate,  and  rectum. 
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Inflammation  of  the  seminal  vesicles  of  an  acute  character  is 
usually  a  gonorrheal  or  a  mixed  infection  resulting  from  an  extension  of 
inflammation  from  the  urethra.  It  is  probable  that  a  certain  degree  of 
involvement  is  not  uncommon  in  gonorrheal  inflammation  of  the  deep 
urethra.  It  is  difficult  to  differentiate  the  symptoms  produced  by  a  mild 
spermatocystitis  from  the  symptoms  resulting  from  an  involvement  of 
the  deep  urethra  and  prostate.  Examining  the  expressed  contents  of 
the  vesicles  after  thoroughly  cleaning  the  urethra  may  be  of  service  in 
establishing  a  diagnosis. 

The  appearance  of  blood  and  pus  in  the  ejaculations  points  strongly  to 
an  involvement  of  the  seminal  vesicles.  The  mild  cases  recover  without 
any  special  therapy.  The 
subacute  may  be  aided  by 
gently  emptying  the  vesi- 
cles with  an  instrument 
made  especially  for  the  pur- 
pose (a  smooth  metal  bulb 
mounted  on  a  handle,  which 
is  introduced  into  the  rec- 
tum and  drawn  from  above 
downward  over  the  vesicles, 
expressing  their  contents). 
This  stripping  should  be 
repeated  every  other  day. 
In  acute  cases  which  go  on 
to  abscess  formation  the 
abscess  should  be  opened 
through  the  rectum  under 
anesthesia  after  wide  dila- 
tation of  the  sphincter  so 
that  the  point  of  fluctua- 
tion can  be  well  reached  or 
through  the  curved  trans- 
verse perineal  incision  of 
Dittel  and  Zuckerkandl 
(Fig.  347).    This,  however, 

is  a  formidable  operation  and  should  not  be  selected,  if  the  simpler 
method  of  drainage  through  the  rectum  will  suffice. 

Calculi  of  the  seminal  vesicles  are  occasionally  found,  usually  at 
post  mortem.  Often  calculi  give  rise  to  no  symptoms.  Cases  have  been 
reported,  however,  where  the  calculi  have  produced  obstructive  symp- 
toms— pain  and  seminal  colic.  These  stones  are,  as  a  rule,  soft,  and  they 
can  be  crushed  between  a  sound  introduced  into  the  urethra  and  a  finger 
in  the  rectum. 

Tuberculosis  of  the  seminal  vesicles  is  the  disease  which  most 
frequently  brings  these  organs  to  the  attention  of  the  surgeon.  It  is 
commonly  found  associated  with  tuberculosis  of  the  testicle,  the  disease 
having  extended  to  the  vesicles  from  the  testicle  along  the  vas.    Tuber- 


Fio.  348. — ^Tuberculosis  or  the  Seminal  Vesicles  and 
THE  Lowest  Portion  op  the  Vas  Deferens  (Senn). 
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culosis  of  the  seminal  vesicles  may  result  from  an  extension  to  them  of  a 
primary  tuberculosis  of  the  prostate.  Primary  tuberculosis  of  the  seminal 
vesicles  is  not  regarded  as  a  probable  lesion.  In  tuberculosis  of  the 
seminal  vesicles  the  nodular  thickening  produced  by  the  disease  can  be 
felt  by  rectal  examination  (Fig.  348). 

It  has  been  found  that  in  some  cases  tuberculosis  of  the  seminal  vesi- 
cles, secondary  to  tuberculosis  of  the  testicles,  goes  on  to  cure  after  castra^ 
tion  has  removed  the  primary  focus. 

The  operative  removal  of  the  seminal  vesicles  has  not  been  very 
successful  and  should  not  be  undertaken  unless  it  can  be  shown  that  the 
tuberculous  lesion  is  limited  to  the  vesicles  and  other  structures,  which 
can  be  removed.  If  an  operation  is  decided  upon,  the  Dittel-Zuckerkandl 
incision  should  be  employed.     (See  Fig.  347.) 

The  seminal  vesicles  are  frequently  involved  in  carcinoma  of  the 
prostate  and  of  the  rectum,  but  are  seldom  the  seat  of  primary  malignant 
disease. 
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CHAPTER  LXII. 

SURGERY    OF    THE    INTESTINES,   BUT    EXCLUDING    THE 

APPENDIX,  THE  RECTUH,  AND  THE  ANUS^    SURGERY 

OF  THE  OHENTUH  AND  THE  HESENTERY. 

By  Weller  Van  Hook,  M.D.,  and  Allan  B.  Kanaval,  M.D., 


ANATOMIC  CONSIDERATLONS- 

The  intestinal  tract  presents  extremely  complex  anatomic  relations, 
which  the  student  of  abdominal  surgery  must  master  before  undertaking 
practical  work.  Originally  a  short  and  simple  structure  ii\  the  embryo, 
it  elongates;  acquires  glands  and  other  accessory  organs,  alters  in  form 
and  diameter,  for  a  time  protrudes  from  the  incomplete  abdominal 
cavity,  and  at  last  returns  to  it,  continually  changing  form,  until  at  last  in 
the  new-bom  child  it  attains  peculiarities  of  relationship  one  could  not  have 
dreamed  of  when  considering  its  simple  anlage.  The  peculiarities  of 
its  normal  anatomy  have  occupied  the  greatest  anatomic  minds,  and  a 
rich  mass  of  material  upon  the  subject  is  now  available  in  all  text-books. 

A  multitude  of  variations  from  the  usual  course  of  development  and 
final  fixity  of  form  are  to  be  studied  in  their  relation  to  the  more  recondite 
problems  of  surgery.  These  variations  are  particularly  numerous  with 
reference  to  the  association  of  the  bowel  within  its  own  covering  of  peri- 
toneum and  that  of  the  other  abdominal  structures.  In  many  ways 
these  curious  peritoneal  associations  are  of  surgical  importance,  con- 
stituting as  they  do  agencies  for  the  restraint  of  the  intestines,  or  to  permit 
them  to  swing  freely  about  in  the  abdomen,  and  sometimes  giving  oppor- 
tunity for  the  formation  of  artificial  sacs,  pockets,  loops,  and  bands  that 
may  strangle  the  tube  under  unfavorable  conditions. 

When  to  the  variations  within  normal  limits  are  added  those  condi- 
tions which,  though  not  due  to  what  we  ordinarily  call  diseases,  are 
classed  by  anatomists  and  pathologists  under  the  heads  of  anomalies 
and  malformations,  we  see  that  the  subject  of  intestinal  anatomy  is  too 
extensive  and  important  for  consideration  within  the  brief  limits  which 
can  be  allowed  it  in  a  surgical  chapter. 

It  is  only  where  these  peculiarities  become  of  frequent  clinical  im- 
portance that  we  shall  discuss  them.  The  student  of  the  subject  is 
urged  seriously  to  preface  his  study  of  this  important  field  of  surgery 
by  acquiring  familiarity  with  the  best  text-books  of  anatomy. 

The  complications  of  the  subject  are  heightened  by  the  multiplicity 
of  important  functions  performed  by  the  bowel,  considered  from  a 
surgical  standpoint. 
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The  digestive  function  of  the  bowel  demands  that  a  certain  area  of 
mucous  membrane  furnished  with  the  different  glands  peculiar  to  it  shall 
be  provided  in  order  that  the  successive  changes  through  which  the 
contents  of  the  bowel  must  pass  may  be  effected  in  an  orderly  way. 
The  products  of  the  activities  of  glands  accessory  to  the  tube  may  act 
in  very  various  ways  when  sui^cal  conditions  arise.  The  digestive 
juices  are  irritant  to  a  high  degree  when  applied  to  surfaces  unaccustomed 
to  their  action.  Not  only  the  ferments  of  the  intestinal  juices  and  their 
chemical  compounds  have  an  important  effect  under  strange  conditions 
of  environment,  but  the  bacterial  flora  of  the  bowel  are  also  of  the 
greatest  importance  in  this  respect. 

The  peritoneal  relations  of  the  howel  are  of  the  highest  importance, 
largely  because  of  these  actions  upon  it  by  the  contents  of  the  tube.  In  an- 
other chapter  (Vol.  Ill,  p.  745)  the  weaknesses  and  the  sources  of  strength 
of  the  peritoneum  are  shown.  The  marvelous  resorptive  power  of  the 
structures  associated  with  the  peritoneal  sac  are  in  alliance  with  the  swift 
agglutinating  action  of  the  peritoneal  covering  of  the  intestine,  which 
alone  makes^it  possible  for  us  to  successfully  suture  the  bowel,  since  it  is 
only  this  agglutination  which  prevents  the  escape  of  the  intestinal  contents 
into  and  about  the  wound  in  the  intestinal  wall. 

Of  prime  importance  is  the  motor  function  of  the  intestinCy  which  de- 
pends upon  the  patency  of  the  tube  and  the  functional  activity  of  the 
smooth  muscle-fibers  in  the  intestinal  coat. 

The  canalization  of  the  tube  is  normally  perfect.  There  are,  to  be 
sure,  at  different  points,  variations  in  the  diameter  of  the  bowel,  as  well  as 
a  complicated  and  interesting  mechanism  at  the  iliocecal  valve,  and  we 
shall  have  occasion  to  touch  here  and  there  upon  the  interesting  questions 
involved  in  the  attachments  of  the  intestine  to  the  more  fixed  parts  of  the 
body. 

No  one  can  realize  so  distinctly  as  the  practical  surgeon  the  extraordin- 
ary adaptive  power  of  the  bowel  under  adverse  conditions  of  fixation  and 
diminution  of  caliber.  The  fluid  and  gaseous  character  of  the  intestinal 
contents,  the  slippery,  snake-like  activities  of  the  bowels,  and  the  per- 
sistent patience  with  which  resistances  to  the  motor  function  are  met 
by  the  tube  all  tend  to  nullify  the  effect  of  mechanical  diflSculties.  The 
most  astonishing  adhesions,  the  most  extraordinary  contractions  of  the 
mesentery,  the  most  surprising  diminutions  of  caliber,  are  frequently  over- 
come by  these  natiu-al  forces,  aided  frequently  by  the  actual  increase  of 
muscular  power  brought  about  by  hypertrophy,  so  that  upon  inspection 
one  is  often  astonished  to  find  that  the  conditions  present  have  not 
resulted  long  ago  in  pathologic  disaster. 


THE  OMENTU15L 

Torsion  of  the  great  omentum  with  sufficient  constriction  of 

the  blood-vessels  to  produce  gangrene  occurs  in  rare  instances.    The 

symptoms  are  much  like  those  of  intestinal  obstruction.    The  clearest 

ideas  upon  this  subject  may  be  gained  by  a  study  of  illustrative  cases. 


THE   OMENTUM.  631 

Litthauer*  reports  Bayers'  case  of  torsion  and  incarceration  of  the 
omentum.  A  woman,  aged  fifty-four,  suffered  for  fifteen  years  with  a 
left  labial  hernia.  She  wore  a  truss  only  at  times.  One  day  she  felt 
pain  in  the  hernia,  followed  the  next  day  by  sweUing.  An  operation  was 
performed,  and  upon  opening  the  hernial  sac  omentum  with  distended 
veins  appeared.  With  the  finger  in  the  ring  more  omentum  was  felt, 
and  the  incision  of  the  abdominal  walls  was  extended,  whereupon  the 
omentum  was  found  to  be  repeatedly  twisted  on  its  axis.  Its  free  tip 
coming  into  view,  it  was  observed  to  be  swollen,  of  a  dark  brown  color, 
and  nearly  gangrenous.  The  omentum  above  the  twist  was  Ugated 
and  removed  and  the  woman  recovered. 

Comer  and  Pinches^  have  made  a  study  of  fifty-four  cases  of  torsion 
of  the  great  omentum,  adding  three  cases  of  their  own.  The  first  of  their 
cases  was  that  of  a  woman  of  thirty-seven,  who  had  been  ill  for  ten  days 
with  pain  in  the  right  side.  There  was  no  constipation  and  the  tempera- 
ture was  only  sUghtly  raised.  No  hernia  was  present.  There  had  been 
previous,  though  slight,  attacks  of  pain  and  discomfort.  There  was  a 
tender  mass  in  the  right  iUac  fossa,  extending  to  just  above  the  umbiUcus, 
which  was  dull  on  percussion  and  the  outlines  of  which  could  not  be  clearly 
defined.  Per  vaginam  and  per  rectum  nothing  abnormal  was  found,  and 
appendicular  abscess  was  diagnosticated.  Upon  opening  the  abdomen  a 
rush  of  dark  green  odorless  fluid,  which  had  evidently  been  imprisoned 
under  tension,  followed.  Inserting  a  finger,  a  cavity  was  entered,  on  the 
inner  and  anterior  aspect  of  which  was  felt  a  mass  harder  than  the  other 
walls.  As  pus  was  not  present,  adhesions  were  broken  down  and  a  mass  of 
omentum  delivered.  A  twist  was  seen  at  the  proximal  end ;  the  mass  was 
ligatured  and  removed,  and  the  patient  recovered. 

The  second  case  was  that  of  a  man  of  forty-one  who  had  had  right 
reducible  inguinal  hernia  for  eighteen  years.  There  had  been  previous  at- 
tacks of  pain  in  the  hernia,  which  for  some  days  had  been  irreducible,  pain- 
ful, and  slowly  enlai^ng.  There  was  no  sickness  and  the  bowels  were  open. 
Previously  there  had  been  pain  when  the  hernia  came  down  and  remained 
irreducible.  Strangulated  hernia  was  diagnosticated.  Upon  operation 
it  was  found  that  the  sac  contained  an  enormous  mass  of  dark  colored 
omentum.  Traction  on  the  mass  easily  withdrew  it  from  the  abdomen. 
The  pedicle  was  found  to  be  twisted,  and  after  removal  to  consist  of  a 
large  portion  of  omentum  altered  by  chronic  inflammation,  adherent  and 
divided  into  numerous  lumps.    The  patient  recovered. 

The  third  case  was  a  man  of  forty-five  who  had  suffered  from  large 
right  inguinal  hernia  of  long  standing,  attacks  of  pain  being  increasingly 
severe  for  some  time.  At  the  lower  part  of  the  sac  was  a  small  loculus 
separated  from  the  rest  by  an  obvious  constriction.  Strangulated  hernia 
was  diagnosticated.  Upon  operation  there  was  found  to  be  no  strangu- 
lation in  either  the  upper  or  lower  part  of  the  sac.  When  the  lower 
loculus  was  laid  open  it  was  seen  to  contain  a  small  rounded  mass  of  omen- 
tum, which  was  not  adherent,  but  was  twisted  on  its  pedicle.  The  patient 
recovered. 

The  omentum  is  seldom  the  seat  of  primary  disease.    Nevertheless 


632  SURGERY   OF  THE   INTESTINES. 

in  rare  cases  cysts  of  the  same  character  as  those  occurring  in  the  mesen- 
tery are  encountered. 

Much  more  frequently  is  the  omentum  affected  by  secondary  disease^ 
such  as  tuberculosis  and  carcinoma.  In  the  former  disease  great  masses 
of  contracted  inflamed  omentum  may  simulate  other  intra-abdominal 
tumors. 

Cyst. — A  case  of  cysts  of  the  omentum  was  reported  by  Rufus  E. 
Fort.'  The  patient  was  a  female  child  two  and  a  half  years  of  age,  fairly 
well  nourished,  with  no  history  of  disease  except  two  attacks  of  acute  in- 
digestion. Eighteen  months  previous  to  this  time  the  mother  had  noticed 
an  abdominal  enlargement  which  had  progressed  until  at  the  time  of  Fort's 
examination  the  abdomen  had  a  circumference  of  28  inches  at  the  umbili- 
cus. The  general  health  and  nutrition  had  been  very  good  except  that 
there  was  some  dyspnea  upon  exertion.  Examination  showed  the 
following  physical  signs:  Great  abdominal  distention,  prominence  of 
the  abdominal  veins,  and  complete  dullness  on  percussion  over  the  whole 
abdomen.  A  decided  wave  of  fluctuation  could  be  obtained  at  any 
part  of  the  abdomen.  The  pulse  was  100;  the  temperature  and  the  urine 
were  normal. 

The  enormous  abdominal  distention  indicated  pressure  upon  the  ab- 
dominal vessels,  and  seemed  to  call  for  relief.  Five  pints  of  dark  bloody 
fluid  were  removed  by  aspiration.  Five  days  later  the  abdomen  was 
opened  by  a  median  incision  from  a  point  above  the  umbilicus  downward. 
A  dark  glistening  tumefaction  appeared,  looking  Uke  distended  gangrenous 
intestine,  which  was  delivered  through  the  incision  without  rupture.  It 
was  found  to  be  a  collection  of  fluid  in  the  folds  of  the  great  omentum, 
extending  from  under  the  pylorus  on  the  right  side  along  the  greater 
curvature  of  the  stomach  to  and  including  the  folds  of  the  gastrosplenic 
omentum.  After  ligating  the  attachments  of  the  omentum  the  mass  was 
removed.    There  were  no  adhesions. 

The  specimen  showed  the  absence  of  a  distinct  capsule,  the  fluid  being 
between  the  folds  of  the  omentum.  There  was  no  fat  in  the  omentum, 
but  the  blood-vessels  were  greatly  dilated.  The  fluid  had  a  specific 
gravity  of  1007  and  contained  albumin  and  degenerated  blood-cells. 

Fort  has  collected  twenty-one  cases  of  this  kind,  his  own  making  the 
twenty-second.  Rokitansky  states  that  perhaps  all  of  these  tumors  are 
of  lymphatic  origin,  and  result  either  from  dilatation  of  the  lymph- 
vessels  or  from  cystic  degeneration  of  the  lymph-nodes. 

Two  dermoid  cysts  of  the  omentum  have  been  reported  by  Waldy 
and  Spencer  Wells. 

Cysts  of  the  omentum  are  seen  most  frequently  in  children  under 
ten  years  of  age,  50  per  cent,  being  under  ten,  and  65  per  cent,  under  twenty 
years  of  age.  The  congenital  origin  of  the  cysts  is  thus  strongly  suggested. 
Seventy-five  per  cent,  of  the  cases  occurred  in  females. 

The  congenital  origin  of  these  cysts  is  strongly  supported  by  the  case 
of  Hearn,  in  which  a  boy  of  eight  was  afflicted  with  a  fluctuating  tumor 
at  birth.    This  tumor  decreased  in  size  for  some  time,  but  later  further 
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enlargement  become  apparent.  The  cyst  was  aspirated  at  four  years  of 
age,  but  upon  its  refilling  it  was  removed  by  Heam  four  years  later. 

The  symptoms  seldom  lead  to  early  discovery  of  the  difficulty.  Pain 
is  not  usually  present,  and,  when  present,  seems  due,  as  a  rule,  to  digestive 
disturbances.  Dyspnea  has  frequently  been  observed.  No  character- 
istic symptoms  of  these  tumors  have  been  described. 

The  diagnosis  has  never  been  accurately  made  before  operation. 
Ascites,  lipoma,  aortic  aneurism,  hydatid  cyst  of  the  liver,  pancreatic 
cyst,  cyst  of  the  urachus,  tuberculous  and  encysted  peritonitis  have  been 
wrongly  diagnosticated. 

P^n  regards  three  points  as  of  great  importance  in  the  diagnosis  of 
omental  tumor — superficial  location,  abnormal  passive  mobility  with 
downward  limitations,  absence  of  functional  disturbance;  to  which  may 
be  added  the  fact  that  respiration  has  little  or  no  effect  on  the  position 
of  the  tumor. 

P.  Matthews*  cites  the  case  of  a  boy  eight  years  of  age,  admitted  with 
vague  abdominal  pain,  chiefly  in  the  left  side.  With  increasing  abdominal 
distention  the  pain  subsided.  There  was  no  history  of  any  previous 
illness  or  of  trauma  and  the  family  history  was  negative.  The  symptoms 
were  dyspnea,  abdominal  tumefaction,  distention  of  superficial  veins, 
resistance  to  palpation  being  most  marked  in  the  center  and  just  above 
the  umbilicus.  There  was  absolute  dullness  everywhere  except  in  the 
flanks  and  the  hypogastrium,  where  the  note  was  tympanitic.  Posture 
made  no  difference  as  to  the  limits  of  dullness.  A  well-marked  fluid 
thrill  was  observed.  The  glands  in  the  axillse,  groins,  and  supraclavi- 
cular triangle  were  palpable. 

On  tapping,  4  ounces  of  opaque  red-brown  fluid  were  withdrawn. 
The  fluid  was  of  alkahne  reaction  and  had  a  specific  gravity  of  1.024.  It 
did  not  coagulate  on  standing,  but  there  was  a  heavy  deposit  of  red  blood- 
cells,  with  few  leukocytes  and  endothelial  cells,  the  supernatant  fluid 
becoming  green.  An  indistinct  mass  was  palpable  along  the  right  side 
of  the  vertebral  column.  The  abdomen  refilled  and  the  patient's  general 
health  began  to  fail.  Tapping  was  repeated  three  times.  The  tempera- 
ture was  102°  to  103*^  F.,  accompanied  by  vomiting  and  abdominal  pain. 

Laparotomy  was  performed.  When  the  cyst  was  tapped,  it  was 
found  to  lie  entirely  in  front  of  the  intestines  and  was  slightly  adherent 
to  the  parietal  peritoneum  in  the  midline  below  the  umbilicus  and  in 
the  right  flank.  These  adhesions  were  separated  and  the  cyst  was  found 
to  be  attached  to  a  thick  pedicle  of  omentum  running  up  to  the  transverse 
colon.  This  pedicle  was  clamped  and  the  cyst  withdrawn  from  the 
abdomen  entire.  There  was  no  vomiting  and  no  rise  of  temperature  after 
the  operation.  Microscopic  examination  showed  it  to  consist  of  lymph- 
angiomatous  tissue.    The  recovery  was  uninterrupted. 


THE  MESENTERY* 

In  penetrating  wounds  of  the  abdomen  injury  to  the  mesentery 

is  one  of  the  most   common  and    serious   lesions  encountered.     Its 
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consequences  are  important  in  proportion  to  the  extent  to  which  the 
integrity  of  the  blood-supply  is  compromised.  Hemorrhage  from  mesen- 
teric vessels  may  be  fatal.     If  a  large  mesenteric  arterial  branch  is  merely 


Fia.  349. — ^Trauma  of  the  Mesentery  (Erdmaan). 
a,  Gaogrenoufl  area. 


Fig.  350. — ^Trauma  of  the  Mesentery  (Erdmann). 
a,  a.  Cord-like  contractions. 


occluded,  gangrene  of  the  portion  of  bowel  which  it  had  supplied  is  sure  to 
occur.  Slits  in  the  mesentery  may  lead  to  subsequent  hemia.  Hence  in 
laparotomy  for  abdominal  wounds  careful  search  for  mesenteric  injuries 
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must  be  made.  Wounds  must  be  closed  by  suture  except  where  vascular 
injuries  necessitate  intestinal  resection. 

The  cases  of  Erdmann*  prove  conclusively  that  subcutaneous  lesions 
of  the  mesentery  may  occur  without  hematoma  forming.  The  diagnosis 
of  traumas  of  the  mesentery  are  therefore  most  difficult  to  make  with- 
out laparotomy,  and  we  agree  with  Erdmann,  who  makes  it  a  rule 
in  all  cases  of  abdominal  'contusion  to  explore  the  abdominal  contents 
by  laparotomy  if  the  patient  has  any  abdominal  rigidity  or  pain,  whether 
or  not  there  is  evidence  of  blood  in  the  vomitus,  feces,  or  urine.  If  the 
patient  is  in  shock  at  the  time  of  observation,  preparation  should  be  made 
to  open  the  abdomen,  since  hemorrhage  may  be  the  cause  of  the  shock. 
The  illustrations  (Figs.  349  and  350)  present  the  appearance  of  lesions 
found  by  Erdmann  in  subcutaneous  injuries  of  the  mesentery. 

Disorders  of  the  Circulation  in  the  Mesenteric  Vessels.— 
Sprengel*  considers  that  the  consequences  of  injury  to  the  mesenteric 
vessels  may  express  themselves  either  as  bloody  infarcts  of  the  bowel 
wall  or  as  anemic  gangrene.  The  first  is  the  result  of  closing  a  certain 
arterial  or  venous  territory;  the  latter  occurs  only  when,  upon  the 
blocking  of  a  certain  arterial  region,  the  retrograde  blood-stream  is 
closed.  Anemic  gangrene  must,  therefore,  on  account  of  this  very  limi- 
tation of  its  mode  of  origin,  be  the  rarer  form. 

The  clinical  manifestations  of  these  circulatory  disturbances  are  divided 
into  two  cat^ories:  intestinal  hemorrhage  with  its  consequences  of  bloody 
diarrhea  or  vomiting;  second,  the  phenomena  of  well-marked  intestinal 
obstruction. 

In  hemorrhagic  infarct  Sprengel  maintains  that,  as  the  result  of  the 
hemorrhage  into  the  bowels,  bloody  discharges  may  occur,  while  hemor- 
rhage into  the  peritoneal  space  gives  rise  to  early  sero-hemorrhagic  effu- 
sion into  the  peritoneum.  Hemorrhage  into  the  intestinal  wall  gives 
rise  to  thickening  of  the  bowel  wall,  even  to  the  degree  of  palpability 
through  the  parietes.  As  the  result  of  hemorrhagic  infiltration  of  the 
intestinal  muscularis,  gradual  stiffening  may  slowly  cause  occlusion. 
Late  peritonitis  may  occur  as  the  result  of  gradually  completed  necrosis. 

In  anemic  gangrene^  as  the  result  of  the  paralysis  of  all  the  intestinal 
layers  by  local  death,  early  occlusion  may  take  place  with  distention  of 
the  abdomen  due  to  congestion  above  the  diseased  part  of  the  bowel. 
Necrosis  of  all  the  intestinal  layers  may  cause  early  peritonitis  due  to 
perforation. 

The  diagnosis  is  universally  considered  very  difficult.  In  two  of  his 
cases  Sprengel  made  a  correct  diagnosis.  Confusion  of  cases  of  hemor- 
rhagic infarct  with  invagination  is  easy.  Severe  initial  pain  occurs  in 
both  diseases;  vomiting  is  also  present  in  each  disease.  Discharges  from 
the  bowel  of  bloody  fluid  take  place  without  escape  of  gas.  The  patient 
experiences  no  relief  from  the  movements  of  the  bowels.  In  both  diseases 
the  gradual  loss  of  strength  and  the  occurrence  of  a  palpable  resistance 
in  the  abdomen  are  quite  similar. 

The  history  is  to  be  considered,  especially  with  reference  to  those 
diseases  which  give  rise  to  embolism  or  to  other  forms  of  mesenteric 
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vascular  occlusion.  Sprengel  calls  attention  also  to  the  study  of  ab- 
dominal resistance.  At  first  a  tympanitic  note  was  obtained,  while 
later  the  zone  in  question  gave  distinct  dullness.  This  he  attributes 
to  the  gradually  increasing  thickening  of  the  intestinal  wall.  The  age 
of  the  patient  is  to  be  considered,  invagination  occurring  usually  in 
younger  patients. 

In  anemic  gangrene  the  diagnosis  is  e^en  more  uncertain.  The 
strangulation  of  the  loop  of  bowel  by  incarceration  in  a  peritoneal  pocket 
can  give  rise  to  symptoms  like  those  of  anemic  gangrene.  A  sudden 
beginning  with  severe  initial  pain,  the  relations  of  the  bowel  movements 
and  passage  of  gas,  the  continued  vomiting,  abdominal  distention,  espe- 
cially in  the  mesogastrium,  with  freedom  from  involvement  of  the  lumbar 
regions,  distinct  intestinal  rumblings  and  slight  dullness  upon  the  left 
side,  with  freedom  of  the  hernial  openings, — all  these  things  are  suggestive 
of  occlusion  of  a  bowel  in  a  peritoneal  pocket.  Of  course,  a  heart  lesion 
and  the  anamnesis  of  an  old  peritoneal  inflammation  have  their  diagnostic 
place. 

The  results  of  operative  treatment  thus  far  have  been  very  bad. 
Elliot  in  the  year  1895  published  the  first  successful  case. 

Sprengel  publishes  a  case  of  which  the  following  is  a  brief  abstract: 
The  patient  was  a  tailor  thirty-eight  years  of  age.  Twenty  years  before 
he  had  had  peritonitis,  lasting  about  five  weeks.  He  was  otherwise  well, 
was  married,  and  had  five  children.  One  evening  after  supper,  while 
engaged  at  his  work,  he  was  seized  with  a  sudden  pain  in  the  abdomen, 
followed  by  vomiting.  Pains  and  the  vomiting  lasted  for  four  days, 
when  for  a  time  the  symptoms  disappeared,  to  begin  again  after  a  few 
hours.  The  bowels  had  not  moved  since  the  beginning  of  the  disease. 
On  admission  the  patient  did  not  seem  very  sick,  nor  did  he  feel  ill.  The 
pulse  was  regular,  of  good  quality,  80  to  84  per  minute.  The  respiration 
was  not  hurried,  diaphragmatic  breathing  was  distinctly  present,  the 
heart  was  normal.  The  abdomen  was  distended  more  in  the  umbilical 
region  than  upon  the  sides.  The  epigastrium  was  distended.  Distinct 
dullness  in  the  left  lumbar  region  extended  not  quite  to  the  external  rectus 
border.  Splenic  dullness  was  not  increased,  the  right  iliac  region  was 
free,  and  intestinal  r&les  were  everywhere  distinctly  heard,  increasing 
after  long  palpation  to  loud  audible  gurgling.  The  hernial  openings  were 
free,  rectal  examination  was  negative  and  periodic,  well-marked  singultus 
was  noted.  The  diagnosis  of  obturation  ileus  was  made  involving  the 
lower  part  of  the  ileum.  While  it  was  thought  that  there  was  no  free 
peritonitis,  a  moderate  exudate  was  diagnosticated  upon  the  left  side. 

Laparotomy  was  done  in  the  median  line.  Moderate  quantities  of 
red  brown,  cloudy  fluid  escaped,  the  small  intestine  issuing  from  the 
abdomen  strongly  distended  and  reddened,  with  surfaces  slightly  dulled. 
The  intestinal  loops  were  allowed  to  escape  from  the  abdomen,  and  in 
the  lower  iliac  region  an  exquisitely  gangrenous  part  of  grayish-brown 
color,  which  disappeared  upon  contact,  made  its  appearance.  Although 
the  loop  fixed  in  the  region  of  the  promontory  was  immediately  lifted 
up  and  the  neighboring  loops  of  bowel  that  were  apparently  healthy  were 
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secured  by  clamps,  large  quantities  of  the  contents  of  the  small  intestine 
were  discharged  into  the  free  abdominal  cavity.  More  exact  examination 
showed  that  the  gangrenous  part  was  about  10  cm.  long  and  about  30 
to  40  cm.  above  the  ileocecal  valve.  It  was  sharply  separated  from  the 
oral  as  well  as  the  aboral  part  of  the  bowel.  A  tolerably  well  recognizable 
line  of  demarcation  about  parallel  to  the  bowel  could  be  seen  in  the  mes- 
entery. Upon  cutting  away  the  mesentery  no  ligation  was  necessary. 
The  intensely  filled  small  intestine  was  emptied;  after  careful  cleansing 
of  the  bowel  and  peritoneum  the  two  ends  of  the  intestine  were  fastened 
into  the  abdominal  wound;  a  large  tampon  was  placed  at  that  part  of 
the  abdomen  where  the  gangrenous  intestine  had  lain,  and  the  abdominal 
cavity  was  left  open.  The  course  of  the  disease  after  operation  was 
favorable.  Singultus  occurred  for  several  days,  though  the  pulse  remained 
about  90.  Gradually  the  discharges  ceased,  except  drainage  from  the 
intestine,  and  the  wound  took  on  a  normal  appearance.  Some  time 
later  the  artificial  anus  was  treated  by  operation,  the  two  ends  of  the 
bowel  being  united  by  sutures  after  their  separation  from  the  abdominal 
wall. 

Contraction  of  the  Mesentery  •—The  mesentery  not  infrequently 
undergoes  a  process  of  contraction  or  shrinking  which  has  received 
most  consideration  where  the  process  has  involved  the  mesocolon 
(q.  v.). 

O.  Brehm,^  after  a  careful  study  of  mesenteric  contraction,  makes 
the  following  important  statements:  ''Mesenteric  shrinking  is  not  only 
to  be  regarded  as  the  etiologic  moment  in  volvulus  of  the  sigmoid,  but 
also  as  a  disease,  sui  generis  y  which  urgently  demands  treatment.  It 
is  not  only  a  disease  of  older  persons,  but  may  even  occur  in  young  in- 
dividuals in  exquisite  form.  Attacks  of  transitory  occlusion  from  mes- 
enteric contraction  must  be  separated  from  true  volvulus.  They  are 
to  be  treated  as  far  as  possible  expectantly,  and  the  patients  are  to  be 
operated  upon  by  entero-anastomosis  or  resection  in  the  intervals  of 
freedom  from  attack.  If  the  mesenteric  contraction  has  brought  about 
the  volvulus  or  occlusion  by  total  angulation,  laparotomy  with  exposure 
of  the  flexure  is  indicated.  Simple  detorsion  of  the  loop  does  not  suffice 
in  mesenteric  contraction;  for  protection  against  recurrences  a  radical 
operation  must  be  added,  such  as  resection  or  entero-anastomosis  (cecum 
with  rectal  limb  of  the  flexure)  or  ileocolostomy.  Restriction  of  the 
operation  to  the  making  of  a  fecal  fistula  without  exact  orientation  of 
the  abdominal  cavity  is  an  error.  Diagnosis  of  ileus  is  definitively  to 
be  given  up,  and  in  every  case  of  intestinal  occlusion  a  more  accurate 
anatomic  diagnosis  is  to  be  sought,  in  spite  of  frequent  unavoidable 
errors.    The  indications  for  the  operation  are  self-evident. 

Mesenteric  cysts  belong  to  the  rarities  of  surgical  observation, 
though  they  seem  to  be  four  times  as  common  as  the  solid  tumors. 

Serous,  chylous,  hemorrhagic,  dermoid,  and  echinococcus  cysts 
have  been  observed. 

The  chylous  cysts  are  due  to  the  dilatation  of  the  chyle  ducts.  But 
of  the  origin  of  serous  and  hemorrhagic  cysts  little  is  known. 
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In  view  of  the  benign  character  of  the  malady  no  symptoms  are  to 
be  expected  except  such  as  result  from  pressure.  The  bowel  may  be 
compressed  or  a  volvulus  may  take  place  by  the  action  of  the  cyst  mass. 

The  diagnosis  of  the  nature  of  such  tumefactions  is  usually  very- 
difficult  until  the  abdomen  is  opened. 

The  treatment  of  mesenteric  cysts  has  been  specially  studied  by 
Frentzel,*  who  urges  that  operations  for  these  tumors  should  be  under- 
taken as  soon  as  their  existence  is  recognized.  The  exact  diagnosis  is  to 
be  made  by  laparotomy  only,  puncture  being  out  of  the  question.  The 
typical  treatment  consists  in  total  enucleation  in  case  the  intestine  is 
not  involved,  but  in  case  blood-vessels  leading  to  the  bowel  are  compro- 
mised, a  resection  has  to  be  practised.  Drainage  may  be  necessar>'  in 
rare  cases,  but  is  by  no  means  to  be  preferred. 

Mesenteric  cyst,  according  to  MacLaren,^  is  one  of  the  rare  causes  of 
dcute  intestinal  obstruction. 

A  man  sixty-five  years  of  age,  says  MacLaren,  had  a  short  attack  of 
abdominal  pain,  his  previous  history  being  negative.  There  were  symp- 
toms of  acute  intestinal  obstruction,  but  on  examination  the  cause  was 
indefinite.  Laparotomy  was  performed,  and  the  cecum  was  found  to  be 
collapsed.  On  following  the  small  intestine  upward  for  about  eight  or 
ten  feet  it  was  found  dipping  abruptly  into  the  pelvis.  Here  a  fluctuating 
tumor  was  felt.  Upon  elevating  the  small  intestine,  the  tumor  was 
induced  to  rise  with  it  out  of  the  pelvis,  and  was  brought  out  of  the  inci- 
sion, giving  a  sensation  very  similar  to  that  experienced  when  lifting  out 
a  small  ovarian  cyst.  The  cyst  had  for  its  base  the  upper  surface  of  the 
mesentery  and  a  quarter  of  the  circumference  of  the  adjoining  small 
intestine.  It  was  removed  by  enucleation  without  difficulty  and  without 
hemorrhage;  the  peritoneum  was  brought  together  over  the  bared  area 
with  catgut  and  the  abdominal  incision  closed.  The  recovery  was 
uneventful. 

The  cyst  was  smaller  in  size  than  the  fist.  By  falling  into  the  pelvis 
it  produced  obstruction  in  two  ways:  From  its  attachment  to  the  upper 
and  anterior  surface  of  the  mesentery,  when  it  descended  into  the  pelvis 
it  produced  a  horizontal  rotation  of  the  loop  of  small  intestine  from  before 
backward.  There  was  clearly  a  partial  volvulus.  Secondly,  the  cyst 
from  its  displacement  into  the  pelvis  dragged  strongly  upon  the  loop  of 
intestine.  The  obstruction  was  caused,  therefore,  by  both  volvulus  and 
traction.  The  cyst  was  yellowish  in  color,  smooth,  lobular,  and  fluctuat- 
ing. The  contents  were  fluid  and  yellow,  and  microscopically  showed 
debris,  but  no  fat  cells.  The  cyst  wall  was  made  up  of  a  somewhat 
cellular  and  highly  vascular  connective  tissue.  This  cyst  was  of  the 
serous  variety. 

According  to  Nothnagel,  the  majority  of  mesenteric  cysts  are  situated 
well  to  the  right  of  and  a  little  below  the  umbilicus.  This  point  corre- 
sponds to  the  most  common  situation  for  cysts  in  the  mesentery'  of  the 
small  intestine. 

E.  Fuchsig*®  describes  a  case  of  a  child  in  which  there  existed  an  atresia 
and  hypoplasia  of  the  ileum  of  a  congenital  character,  resulting  from  the 
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fetal  displacement  of  the  bowel  into  an  opening  in  the  mesentery.  In 
this  case  death  having  resulted  from  intestinal  occlusion,  a  post-mortem 
examination  was  made  upon  the  body  of  the  child,  which  had  lived  but 
three  or  four  days.  The  thoracic  organs  were  normal.  The  stomach, 
duodenum,  and  jejunum  were  normally  formed,  as  was  the  case  with 
the  uppermost  loops  of  the  ileum.  About  60  cm.  above  the  ileocecal 
valve  the  ileum  was  enormously  dilated  and  hypertrophied,  showing 
here  and  there  a  diameter  of  almost  4  cm.  This  distended  part  was 
40  cm.  long.     At  the  central  end  of  the  distended  bowel,  that  is,  55  cm. 
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Fio.  351. — Congenital  Atreria  and  Hypoplasia  or  the  Ileum  due  to  Fetal  Displacement 
or  the  Bowel  into  an  Opening  in  the  Mesentery  (Fuchag). 

above  the  ileocecal  valve,  the  intestinal  wall  was  very  much  thinned  and 
showed  a  perforation  of  pin's-head  size.  At  about  20  cm.  above  the 
cecum  the  distended  part  passed  over  sharply  into  a  very  narrow  part 
of  the  bowel  which  ended  3  cm.  above  the  cecum  and  was  18  cm. 
long.  The  colon  and  rectum  were  normally  formed.  The  hypoplastic 
part  of  the  ileum  fitted  exactly  into  a  gap  in  the  mesentery.  The  author 
believes  that  during  fetal  life  the  hypoplastic  part  of  the  bowel  had 
occupied  this  space  in  the  mesentery  and  had  therefore  failed  to  develop. 


HEMORRHAGE  AFTER  GASTRIC  AND  INTESTINAL  OPERATIONS- 

It  is  well  known  that  after  various  operations  upon  the  body  hemor- 
rhages can  take  place,  either  in  the  stomach  or  bowels.  After  a  study 
of  the  reported  cases  of  this  accident,  Busse"  states  that  gastric  and 
intestinal  hemorrhages  occur  with  about  equal  frequency  in  men  and 
women  after  operations  upon  any  part  of  the  body,  but  especially  after 
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operations  about  the  abdomen.  These  hemorrhages  occur  from  the 
direct  or  retrograde  movement  of  thrombi  in  the  arterial  or  venous  stream. 
It  is  requisite  that  in  the  occurrence  of  these  hemorrhages  a  further  and 
additional  moment  of  trauma  shall  occur.  Usually  such  hemorrhages 
are  multiple,  and  occur  for  the  most  part  during  the  first  week.  The 
anatomic  alterations  found  consist  of  hemorrhages,  erosions,  and  ulcera- 
tions in  the  stomach  and  intestines.  Anatomic  alterations  are  frequently 
absent.  Though  the  lesions  are  of  such  serious  character  and  conse- 
quence, rendering  the  prognosis  grave,  it  is  best  to  follow  a  symptomatic 
course  of  therapy,  abstaining  from  operative  intervention. 


RUPTURE  OF  THE  INTESTINES. 

Rupture  of  the  intestine  may  occur  by  the  application  of  force  from 
within  the  bowel  as  well  as  from  without.  Nicholas  Senn,  in  May,  1888, 
read  before  the  American  Medical  Association  a  most  valuable  paper 
upon  the  distention  of  the  gastro-intestinal  tube  with  water  and  with 
air.  He  showed  that  the  pressure  which  was  necessary  in  order  to  rup- 
ture a  healthy  intestine  in  the  cadaver  was  greatly  in  excess  of  that  which 
was  required  to  force  air  through  the  ileocecal  valve,  or  even  the  whole 
length  of  the  alimentary  tube.  He  showed  that  it  requires  but  i  of  a 
pound  to  IJ  pounds  of  pressure  to  drive  air  through  the  ileocecal  valve, 
and  from  i  pound  to  2i  pounds  to  force  it  from  the  anus  to  the  mouth, 
while  even  the  weakest  portion  of  the  gastro-intestinal  canal  effectually 
resisted  a  distending  force  of  from  8  to  10  pounds.  He  states  that  the 
ileocecal  valve  in  a  normal  condition  yields  to  an  air  pressure  of  li  to 
2\  pounds. 

In  the  use  of  fluids^  however,  to  distend  the  large  intestine,  there  is 
great  danger  of  rupturing  the  colon,  because  Senn  has  shown  by  his 
experiments  that  the  ileocecal  valve  is  not  permeable  to  fluids  from  below, 
and  that  for  diagnostic  and  therapeutic  purposes  it  is  unsafe  and  un- 
justifiable to  attempt  to  force  fluids  beyond  the  ileocecal  valve. 

It  is  of  great  importance  that  physicians  shall  understand  that  the 
use  of  enemas  under  high  pressure  is  extremely  dangerous.  The  follow- 
ing case  came  under  the  writer's  observation: 

A  man  aged  about  fifty-five  suffered  from  a  mild  attack  of  appendicitis, 
his  physician  considering  that  no  operation  was  necessary,  the  symptoms 
being  so  slight.  It  was,  however,  thought  desirable  to  have  the  bowels 
move  by  the  use  of  enemas,  and  for  that  purpose  injections  of  moderate 
quantities  of  water  were  unsuccessfully  tried.  A  professional  male 
nurse  who  was  supposed  to  have  special  skill  in  the  use  of  so-called  high 
enemas  was  then  called  in,  and  by  him  injections  were  given  in  the 
knee-chest  position.  Large  quantities  of  water  were  used  to  distend 
the  bowels,  to  such  a  degree  that  the  patient  experienced  extreme  agony. 
At  last  the  patient  was  unable  to  endure  the  torture  any  further,  and 
the  operator  desisted  from  further  manipulation,  allowing  the  water  to 
be  discharged.  The  patient,  however,  went  into  a  collapse,  from  which 
it  was  difficult  to  revive  him.    Consultants  were  hurriedly  brought  in. 
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and  a  diagnosis  of  rupture  of  the  appendix  having  been  made,  the  ab- 
domen was  opened.  To  the  surprise  of  the  operator  and  his  assistants 
no  serious  disease  of  the  appendix  was  found  which  could  account  for 
the  grave  collapse.  Upon  exploring  the  colon  several  longitudinal 
lacerations  of  the  external  coat  were  found,  and  at  one  point  a  small 
artery  had  been  lacerated  and  was  still  spurting,  allowing  the  discharge 
into  the  abdomen  of  a  large  quantity  of  blood.  The  blood  was  re- 
moved, the  hemorrhage  checked,  and  the  patient  made  a  slow  recovery. 

This  case  illustrates  well  in  a  clinical  way  the  fact  brought  out  by 
Senn  in  the  paper  referred  to,  that  overdistention  of  the  colon  does  not 
result  in  forcing  the  fluid  through  the  ileocecal  valve,  but  produces  one 
or  more  longitudinal  lacerations  of  the  bowel. 

Leftwich  ("On  Siphonage  and  Hydraulic  Pressure  in  the  Lai^e  In- 
testine") has  endeavored  to  show  that  the  large  intestine  acts  as  a  siphon, 
that  fluids  introduced  at  the  cecum  are  carried  over  to  the  rectal  ampulla 
by  a  siphon  action,  and  that,  conversely,  fluids  introduced  at  the  anus 
are  quickly  carried  by  reverse  action  to  the  cecum. 

Without  discussing  the  validity  of  the  theory  that  the  colon  acts 
upon  the  physical  principle  of  a  siphon,  we  may  agree  with  Leftwich 
that  the  movements  of  fluids  and  gases  are  usually  very  rapid  and  effective. 

I  obser\'ed  with  B.  W.  Sippy  for  a  long  period  a  woman  who  was 
the  unfortunate  victim  of  fecal  fistula  at  the  cecum  which  had  resulted 
from  a  neglected  appendicitis,  a  considerable  portion  of  the  wall  of  the 
bowel  having  sloughed  away  and  a  large  opening  existing  through  the 
skin  and  the  bowel.  Sippy  conducted  a  series  of  observations  by  injecting 
fluids  into  the  bowel  from  below  and  observing  the  length  of  time 
required  for  the  transmission  of  the  fluid  to  the  fistula.  It  was  found 
that  fluids  introduced  within  the  anus  were  carried  in  a  few  moments 
to  the  cecum,  proving  the  futility  of  giving  so-called  "high  enemas." 

E.  Wyllys  Andrews"  publishes  five  cases  of  subcutaneous  rupture  of 
the  intestine  treated  by  laparotomy.  Andrews  advances  the  idea  that  the 
bowel  is  cut  in  two  by  the  angle  or  promontory  of  the  sacrum,  against 
which  it  is  forced  when  the  anterior  abdominal  wall  is  pushed  against  the 
spine. 

Operation  should  be  done  at  once,  by  making  a  large  median  incision 
below  the  umbilicus,  washing  the  peritoneum,  and  temporarily  lifting 
such  parts  of  the  bowel  from  the  abdominal  cavity  for  treatment  as 
may  be  required. 


GUNSHOT  WOUNDS  OF  THE  INTESTINE. 

Gunshot  wounds  of  the  intestine,  the  mesentery,  and  the  omentum 
theoretically  demand  the  closure  of  perforations  of  the  bowel  and  ligation 
of  bleeding  vessels  at  the  earliest  possible  moment.  The  fact,  however, 
that  alxlominal  penetrating  wounds  produced  by  the  modem  small 
firearms  recover  in  a  large  percentage  of  cases  without  intervention  has 
led  to  much  discussion  of  the  practical  requirements  of  such  injuries. 

Simple  perforations  of  the  bowel  not  involving  the  blood-supply  or 
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causing  extensive  laceration  may  be  treated,  once  the  abdomen  is  opened, 
by  the  application  of  Lembert  sutures  in  such  a  manner  that  the  lumen 
of  the  bowel  will  not  be  compromised;  but  it  is  to  be  remembered  that, 
even  where  the  caliber  of  the  bowel  is  diminished  considerably  by  suture, 
the  tube  will  accommodate  itself  to  new  conditions  with  extraordinary 
facility  provided  the  wound  itself  does  not  extend  about  the  circumference 
of  the  organ,  so  that  a  considerable  portion  of  the  periphery  of  the  tube 
is  in  a  normal  and  therefore  dilatable  condition. 

Where  extensive  injuries  have  occurred,  the  intestines  will  be  managed 
according  to  the  general  principles;  resections  with  anastomosis  being  in 
order  where  the  lesion  is  extensive. 

A  large  number  of  deaths  occur  in  actual  practice  from  injuries  to 
the  mesenteric  and  omental  blood-vessels.  Most  of  the  cases  of  profound 
shock  following  penetrating  abdominal  injuries  are  due  to  extensive 
hemorrhage.  Immediate  laparotomy  is  the  only  course  which  is  likely 
to  be  of  avail  where  large  vessels  are  injured,  though  a  hemorrhage  from 
smaller  arteries  and  from  some  veins  may  cease  spontaneously  if  the 
patient  is  kept  quiet  and  sedatives  are  used. 

The  exigencies  of  surgery  upon  the  battle-field  will  be  discussed  in 
the  chapter  on  military  surgery  in  this  volume. 


INTESTINAL  OBSTRUCTION. 

Intestinal  obstruction  is  to  be  considered  as  either  dynamic  or  me- 
chanical, while  the  latter  is  to  be  divided  into  two  classes — the  obturation 
and  strangulation  forms. 

Dynamic  obstruction  depends  simply  upon  a  failure  of  the  contractiUty 
of  the  intestinal  wall  to  overcome  the  resistance  offered.  Mechanical 
obstruction  postulates  the  presence  of  an  actual  mechanical  force  inter- 
vening to  prevent  the  flow  of  the  fecal  current.  The  great  majority  of 
cases  of  dynamic  ileus  owe  the  failure  of  power  to  the  paralysis  of  the 
bowel  wall,  as  in  peritonitis.  But  local  spastic  contractions  may  be  a 
cause  of  obstruction. 

Cases  of  dynamic  obstruction  are  by  no  means  common  except  in 
peritonitis,  yet  they  are  clearly  enough  marked  to  be  distinctly  recog- 
nizable as  forming  a  nosologic  entity.  It  must  not  be  forgotten,  however, 
that  in  practice  a  great  many  cases  which  one  would  be  tempted  to  call 
instances  of  dynamic  obstruction  are  in  reality  due  either  to  the  usual 
causes  of  obstinate  constipation  or  to  the  presence  of  slight  adhesions 
which  for  one  or  another  reason  give  way  after  a  time. 

A  good  illustration  of  dynamic  obstruction  is  a  case  cited  by  Kocher. 
A  child  two  years  and  three  months  old,  supposed  by  the  attend- 
ing physician  to  be  suffering  from  an  abdominal  tumor,  was  referred  to 
the  hospital.  In  the  summer  of  1891  there  was  an  enormous  distention 
of  the  abdomen,  followed  by  frequent  watery  discharges  of  normal  color. 
In  January,  1892,  the  distention  became  greater,  the  stools  remaining 
as  before.  Vomiting  occurred  occasionally;  the  patient  complained  of 
thirst  and  had  dry  lips.    When  the  patient  was  admitted  to  the  hospital. 
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in  April,  1892,  he  showed  moderately  good  nutrition,  the  color  of  the  skin 
was  excellent,  but  the  abdomen  was  enormously  distended,  showing 
numerous  dilated  veins.  The  distention  of  the  abdomen  was  irregular,  the 
right  hypogastrium  was  strongly  distended  in  a  hemispheric  shape, 
while  the  left  side  was  distended  more  toward  the  median  and  upper  parts 
of  the  abdomen,  and  showed  a  surface  thrown  into  large  folds  or  waves. 
Over  the  tumor  and  the  right  hypogastrium,  which  was  exquisitely 
elastic,  absolute  dullness  was  felt.  Rectal  palpation  disclosed  at  the 
level  of  two  centimeters  two  fecal  masses  of  very  firm  consistence,  which 
hindered  the  introduction  of  the  finger.  Upon  catheterization  200  c.c. 
of  clear  urine  were  withdrawn.  The  temperature  on  admission  was 
37.4°  C. ;  pulse  160.  For  more  than  a  month  the  patient  was  cared  for 
by  the  administration  of  small  quantities  of  food  by  mouth,  while  fre- 
quent washings  of  the  bowels  with  warm  water,  together  with  the  intro- 
duction of  the  finger  to  remove  hard  fecal  masses,  was  practised.  At 
the  end  of  May  the  patient  was  discharged  much  improved,  although 
still  pale.  The  abdomen  was  no  longer  dilated  and  the  bowels  moved 
freely.  This  was  a  case  of  pronounced  coprostasis.  The  cause  may 
perhaps  have  been  partly  referable  to  congenital  dilatation  of  the  colon, 
but  the  presence  of  adynamia  of  the  intestine  is  incontrovertible. 

By  obturation  of  the  bowel  is  meant  the  simple  closure  of  the  bowel 
for  the  passage  of  the  fecal  current  with  minimum  injury  to  the  intestinal 
wall  itself.  Experiments  consisting  in  the  simple  transection  of  the 
bowel  with  closure  of  the  ends  by  suture,  in  experimental  animals,  have 
long  since  shown  that  the  subject  was  scarcely  affected  by  the  operation 
except  that  the  fecal  matter,  being  unable  to  pass  onward,  gradually 
to  a  greater  or  less  extent  filled  the  tube,  and,  regurgitating  into  the 
stomach,  was  vomited  again.  A  dog  operated  upon  in  this  way  ejects 
the  accumulating  fluids  by  vomiting  and  eats  again  with  appetite.  Death 
eventually  occurs  from  starvation  (inanition).  This  result  is  reached 
the  sooner,  the  higher  the  point  of  obstruction  in  the  intestinal  tract. 

Strangulation  of  the  bowel  includes  not  only  obturation  but  also 
compression  of  the  wall  of  the  intestine,  giving  rise  to  interference  with 
the  blood-supply  and  nerve-supply  of  the  bowel. 

Morbid  Anatomy, — The  injury  which  is  done  to  the  bowel  wall 
in  strangulation  by  simple  distention  of  the  intestine  without  any  lesion 
of  the  mesenteric  vessels  has  been  shown  by  Kocher  to  be  very  great. 
He  demonstrated  by  experiments  on  dogs,  ligating  a  coil  of  intestine  at 
two  points  and  injecting  fluid  or  air  at  the  point  of  ligation,  that  a  pro- 
noimced  venous  stasis  can  be  brought  about  while  the  mesentery  is  in 
no  way  injured.  He  showed  also  that  a  patient  with  strangulated  hernia 
may  die  from  the  effects  of  the  alteration  which  the  bowel  has  suffered 
within  the  abdominal  cavity  above  the  point  of  strangulation.  In 
cases  of  strangulation  he  therefore  recommends  resecting  the  bowel 
high  above  the  point  of  constriction.  The  overdistention  produces 
extensive  pathologic  consequences  in  the  bowel  wall.  Amd  showed 
that  in  strangulated  hernia  the  circulatory  disturbances  permit  micro- 
organisms to  pass  into  and  even  through  the  intestinal  wall.     General 
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intoxication  naturally  occurs  as  a  result  of  the  resorption  of  fen 
etc.  Just  as  is  the  case  in  strangulated  hernia^  so  in  intestinal  ofa 
tion,  quantities  of  fluid  are  poured  into  the  intestine  from  the  m 
membrane,  partly  from  hypersecretion,  partly  from  inflanmiatory  e 
tion,  and  partly  from  hemorrhage.  The  fermentation  of  all  of  thi 
terial  together  with  the  venous  stasis  may  result  in  the  destruct 
the  intestinal  epithelium.  Circumscribed  necroses  take  place,  the  m 
membrane  and  underlying  tissues  are  cast  off,  especially  where  \ 
stasis  has  led  to  ecchymoses,  and  the  ulcers  may  even  perforate, 
production  of  peritonitis.  Kocher  thinks  that  the  importance  of 
lesions  has  not  been  sufficiently  recognized.     Certainly  surgeons  j 


Fio.  352. — ^TwENTv-FouR  Inches  or  Small  Intebtixe  Resected  for  Chronic  Copi 

AND  Obstruction  doe  to  Post-operative  Ventral  Hernia  and  Adhesions. 

A  large  coprolith  is  seen  through  the  inciaioD  in  the  intestinal  wall.     A  piece  of  skin  was  i 

before  the  hernia  was  closed. 


be  familiar  with  the  fact  that  the  bowel  above  the  point  of  obstr 
is  not  in  a  normal  condition,  and  in  operative  treatment  should  b( 
emed  accordingly.  Kocher  considers  that  the  most  important  pc 
the  treatment  of  obstruction  is  the  drainage  of  the  bowel  abo\ 
lesion. 

Intestinal  occlusion  may  be  caused  by  malformation  of  the 
(atresia,  Meckel's  diverticula)  or  of  its  mesentery,  by  peculiarities 
abdominal  wall,  the  peritoneum,  the  omentum,  or  the  diaphragm, 
undescended  testis;  by  diseases  of  the  intestinal  wall,  as  scars  or  tu 
by  inflammatory^  processes;   by  the  results  of  traumatism,  opera ti 
otherwise;  by  abnormal  intestinal  contents;  or  by  dislocated  orgi 
by  tumors  (Prutz). 
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Symptoms. — The  symptoms  develop  in  a  few  hours  or  days  in 
acute  obstruction,  while  when  the  time  required  for  their  evolution  is 
much  greater  the  disease  is  said  to  be  chronic.  • 

In  simple  obturation  the  symptoms  are  almost  wholly  those  due  to 
interference  with  the  fecal  current.  Such  cases  are  usually  due  to  the 
gradual  diminution  of  the  caliber  of  the  bowel  until  the  fecal  current 
can  no  longer  pass.  Gases  and  fluids  accumulate,  violent  peristalsis  ensues 
with  colicky  pains,  and  energetic  stiffening  of  the  bowel  occurs  above 
the  obstruction,  due  to  spasmodic  contraction  of  its  coats.  The  appetite 
fails,  nausea  occurs,  and  vomiting  begins  with  the  discharge  of  the  con- 
tents of  the  stomach,  then  of  the  duodenum,  and  at  last  of  the  parts  just 
above  the  point  of  obstruction,  the  odor  and  other  characteristics  of  the 
ejecta  depending  on  their  origin  and  on  the  fermentative  processes  to 
which  they  have  been  subjected.  The  vomiting  in  simple  occlusion  is 
due  almost  wholly  to  a  sort  of  overflow  of  the  gastro-intestinal  tract. 
The  fermentation  of  the  retained  intestinal  contents  leads,  naturally, 
to  the  production  of  gases  which  may  enormously  distend  the  abdomen. 

When  to  the  condition  of  simple  occlusion  are  added  the  results  of 
strangulation  of  an  intestinal  coil  the  symptoms  are  usually  very  different. 
The  pain  comes  on  suddenly,  is  violent  and  spasmodic  or  colicky,  and  is 
intimately  associated  with  great  depression  and  vomiting.  Efforts  to 
move  the  bowels  are  unsuccessful  except  as  to  the  part  below  the  point 
of  obstruction.  The  discharges  obtained  may  consist  at  first  of  some  feces 
and  gas;  while,  if  such  lesions  as  those  of  intussusception  are  present 
blood-stained  mucus  may  be  observed  and  a  sort  of  diarrhea  may  occur. 
The  peristaltic  movements  of  the  intestine  are  not,  as  a  rule,  visible, 
as  they  are  in  ** partial  obstruction"  (stenosis),  where  the  long-standing 
hindrance  has  caused  hypertrophy  of  the  musculature. 

Shock  or  collapse  may  be  the  expression  of  the  reaction  on  the  part 
of  the  nervous  system,  and  this  depression  may  be  profound.  The  heart 
often  responds  by  a  pronounced  slowing  of  the  pulsations.  Perspiration 
may  be  secreted  profusely  and  the  urine  diminish  greatly  in  volume, 
especially  if  the  obstruction  is  situated  high  up. 

It  seems  probable  that  the  typhoid-Uke  symptoms  are  due  to  resorp- 
tion of  intestinal  poisons. 

Prognosis. — While  it  is  true  that  cases  of  intestinal  obstruction 
are  reported  as  recovering  spontaneously,  the  diagnosis  in  such  cases  is 
always  subject  to  criticism,  the  nature  of  the  obstructing  mechanism  being 
in  the  main  unknown.  But  it  is  not  to  be  denied  that  in  unusual  instances 
spontaneous  relief  of  most  serious  anatomic  difficulties  may  occur. 

According  to  the  compilation  of  Kocher  from  the  statistics  of  Gold- 
dammer  and  Buelau,  about  one-third  of  the  patients  suffering  with 
intestinal  obstruction,  as  clinically  diagnosticated,  may  be  saved  by 
medical  treatment  or  the  treatment  by  delay.  Of  288  cases  of  ileus 
studied  by  Naunyn,  recoveries  by  laparotomy  on  the  first  and  second 
day  amounted  to  75  per  cent.;  but  on  the  third  day  only  35  to  40  per 
cent,  could  be  cured  by  operation.  The  necessity,  therefore,  for  early 
sui^cal  intervention  was  clearly  shown. 
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Diagnosis. — The  diagnosis  of  intestinal  obstruction  in  the  plainly 
marked  and  typical  cases  is  easy,  but  there  are  many  instances  in  which 
a  correct  solution  of  the  problem  is  impossible. 

In  stenosis  or  incomplete  (partial)  occlusion  this  is  especially  the  case. 
Here  Nothnagel^'  lays  especial  stress  on  the  value  of  intestinal  stiflfening 
(Damvsteiffung)  and  exaggerated  peristalsis  as  indicating  increase  of 
muscular  activity  and  power  in  the  effort  to  overcome  resistance.  The 
waves  of  peristaltic  movement  may  often  be  seen  and  felt,  while  ausculta- 
tion reveals  gurglings  and  r&les  suggestive  of  the  movements  going  on 
within.  Alternating  attacks  of  diarrhea  and  constipation  occur,  especially 
when  the  large  intestine  is  the  seat  of  stenosis. 

In  complete  occlusion  the  canalization  symptoms — u  c,  those 
signs  referable  to  the  interference  with  the  function  of  the  intestine  as 
a  tube — are  of  prime  importance.  Such  are  complete  cessation  of  bowel 
movements,  including  gas,  meteorism,  and  vomiting. 

Some  of  these  symptoms  may  be  present  in  hysterical  or  nervous 
patients,  in  whom  the  observations  must  be  exactly  and  carefully  con- 
trolled in  order  to  avoid  error. 

Certain  toxemias  and  poisonings,  as  lead-intoxication,  may  give  rise 
to  serious  error.  Acute  obstruction  may  best  be  excluded  by  observing 
the  discharge  of  even  minute  quantities  of  gas  with  the  enemas. 

Feculent  vomiting  often  occurs  in  the  course  of  peritonitis  involving 
the  bowel.  Here  we  usually  have  dynamic  obstruction  due  to  inflamma- 
tion of  the  bowel  wall,  with  paresis  or  even  local  paralysis.  The  practi- 
tioner in  such  cases  seeks  carefully  for  the  signs  of  peritoneal  inflammation. 

In  the  search  for  the  site  of  the  obstruction  the  analysis  of  symptoms 
by  Tavel  is  illuminating. 

Symptoms  of  Occlusion  of  the  Different  Points  of  the  Intes- 
tinal Canal. — We  leave  aside  here  the  general  symptoms  that  depend 
less  upon  the  seat  than  upon  the  nature  of  the  occlusion,  its  duration  or 
degree  of  strangulation,  etc. 

Pyloric  Occlusion. — Vomiting  mucus,  mixed  sometimes  with  blood 
and  food  particles.  Stools  rare,  emission  of  gas  infrequent.  Pains  in 
the  epigastric  region  and  in  the  back.  More  or  less  pronounced  disten- 
tion of  the  stomach.    Resistance  in  the  pyloric  region. 

Duodeno-ampullar  Occlusion. — The  same  symptoms  as  those  of 
pyloric  occlusion  plus  icterus. 

Duodenal  Occlusion. — Vomiting  of  food  with  or  without  bile  and 
pancreatic  juice.  In  the  stomach  bile  and  pancreatic  juice  in  abundance. 
The  vomitus  is  ver}^  abundant,  the  patient  rejecting  much  more  than  he 
takes.  The  stools  and  gas  are  rare  or  completely  lacking.  Regional 
meteorism  of  the  epigastric  region.  Retraction  of  the  region  below  the 
umbilicus,  at  least  in  comparison  with  the  enormous  distention  of  the 
stomach. 

Jejuno-iliac  Occlusion. — Vomiting  at  first  of  mucus  mixed  with 
bile,  later  fecal  vomiting.  Stools  and  gas  almost  entirely  absent.  Re- 
gional meteorism  of  the  middle  part  of  the  abdomen  more  or  less  pro- 
nounced in  proportion  to  the  high  or  low  seat  of  the  occlusion. 
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Ileocecal  Occlusion. — Vomiting  rarer  and  less  frequent  than  in 
the  preceding  form.  Stools  and  gas  wholly  lacking.  Regional  meteor- 
ism  without  involvement  of  the  colon.  Localized  tenderness  in  the 
ileocecal  region.  Tenderness  in  the  right  half  of  the  pelvis  to  rectal  or 
vaginal  touch  in  many  cases.  Occlusion  of  the  hepatic  flexure.  Vomit- 
ing is  late;  may  be  lacking  altogether.  Stools  and  gas  absent.  Pro- 
nounced meteorism  with  more  or  less  involvement  of  the  diaphragm. 
Distention  of  the  ascending  colon.  Pronounced  tenderness  in  the  hepatic 
region.     Enemas  well  tolerated. 

Occlusion  of  the  Splenic  Flexure. — Vomiting  late  or  absent.  Stools 
and  gas  absent.  Meteorism  pronounced  with  marked  involvement  of 
the  diaphragm.  Distention  of  the  ascending  and  transverse  colon. 
Tenderness  in  the  region  of  the  left  hypochondrium.  Large  enemas 
are  not  so  well  borne. 

Sigmoid,  Iliac,  or  Pelvic  Occlusion. — Vomiting  late  or  absent. 
Stools  and  gas  absent.  Meteorism  very  pronounced.  Colon  distended. 
Embarrassment  of  the  heart.  Occasional  disappearance  of  dullness  of 
heart  and  liver.  Small  enemas  are  more  or  less  well  supported  according 
to  the  seat  of  the  obstruction.  When  the  seat  of  the  obstruction  is  in 
the  ileum,  palpation  enables  one  to  determine  it;  but  if  the  seat  of  the 
occlusion  is  in  the  pelvis,  the  obstacle  cannot  be  felt  as  a  painful  point 
to  external  palpation.  Rectal  or  vaginal  palpation  enables  one  then, 
ordinarily,  to  detect  it. 

Rectal  Occlusion. — Vomiting  slow  or  absent.  Stools  and  gas  ab- 
sent. Serious  embarrassment  of  the  viscera.  Even  small  enemas  are  not 
well  supported.     Rectal  touch  determines  the  location  of  the  obstacle. 

LeGlay"  attacks  the  use  of  the  Trendelenburg  position  in  laparotomy, 
alleging  as  one  of  the  complications  likely  to  be  observed  after  its  use 
intestinal  occlusion  by  torsions  of  the  bowels  as  the  result  of  their  dis- 
placement upward,  and  flexions  resulting  from  old,  band-Uke  adhesions, 
especially  to  the  transverse  colon.  As  a  prophylactic  against  the  occur- 
rence of  intestinal  occlusion,  he  recommends  lowering  the  table  before 
closing  the  abdomen  and  a  careful  arrangement  of  the  intestines  before 
introducing  the  sutures  of  the  abdominal  wall.  If  the  abdominal  cavity 
has  not  been  opened,  he  recommends  a  slow  return  of  the  patient  to  the 
horizontal  position  and  care  to  avoid  violently  shaking  the  patient.  In 
the  latter  cases  he  makes  particular  reference  to  operation  upon  the 
bladder. 

Congenital  Stenosis. — Gartner  considers  that  stenosis  of  the 
small  intestine  may  be  congenitally  due  to  axial  rotation  of  the 
mesentery,  persistence  of  the  ductus  omphalomesentericus,  fetal  peri- 
tonitis, inguinal  hernia,  compression  of  the  bowel  by  a  tumor,  and  strangu- 
lation of  the  bowel  by  the  omphalomesenteric  artery.  Other  causes  may 
also  be  concerned,  as  Gartner  himself  has  admitted. 

Stenosis. — Slight  intestinal  stenosis  rarely  gives  rise  to  trouble, 
except  that  at  the  points  of  narrowing  such  diseases  as  tuberculosis  and 
carcinoma  can  easily  arise.  All  the  disease  processes  in  the  intestine 
which  run  a  typical  course  and  may  result  in  scar  formation  can  produce 


648 


SURGERY    OF   THE    INTESTINES. 


stenosis.  Traumas,  whether  operative  or  otherwise,  can  give  rise  also 
to  contractions.  Ring-shaped  strictures  may  take  place,  too,  as  the 
result  of  compression  in  strangulated  hernia.  The  sewing  over  of  sus- 
pected points  of  gangrene  in  incarcerated  loops  of  bowel  may  give  rise 
to  narrowing  of  the  bowel  to  a  high  degree,  yet  Crampe**  shows  that  a 
permanent  stenosis  requiring  operation  belongs  to  the  rarities.  After 
invagination  stenosis  may  also  occur,  yet  even  here  an  operation  is  rarely 
required  for  its  relief. 

The  reason  for  this  rarity  of  serious  consequences  following  stenosis 
of  the  bowel  lies  in  the  fact  that  the  force  exercised  by  the  contracting 
walls  of  the  bowel  upon  its  gaseous  and  fluid  contents  is  very  great,  and 

compensation  for  partial  ob- 
struction takes  place  easily  by 
hypertrophy  of  the  intestinal 
wall.  The  degree  of  thicken- 
ing of  the  intestinal  wall  may 
be  very  considerable. 

If  the  cause  of  the  stenosis 
is  a  disease  which  acts  only  for 
a  time  and  is  followed  by  re- 
covery, the  stenosis  may  be 
only  transitory,  the  bowel 
above  the  point  of  injur}'  gain- 
ing increased  muscular  power 
to  compensate  for  the  narrow- 
ing. 

The  case  is  quite  different, 
of  course,  when  the  causal 
disease  is  of  a  progressive  in- 
jurious character,  like  tuber- 
culosis or  carcinoma.  The  se- 
vere imphcation  of  the  motor 

Fio.  353.— Intestinal  Stenosis  (Haasler).  function    COnduceS    tO    exacer- 

bation of  the  disease. 

Simultaneous  Stenosis  of  Intestine  and  Pylorus. — Payr^'  has 
discussed,  very  much  to  our  benefit,  the  occurrence  of  stenosis  at  the 
pylorus  at  the  same  time  that  constriction  takes  place  in  the  bowel. 
A  series  of  difficult  questions  is  raised  under  these  unusual  conditions. 
Payr  has  collected  from  the  literature  fifty  cases,  from  which  he  deduces 
a  number  of  important  conclusions. 

He  states  that  simultaneous  stenosis  of  the  intestine  occurs  most 
frequently  in  round  ulcer  of  the  stomach  with  perigastritic  changes. 
Appendicitis,  when  present  with  ulceration,  may  constrict  the  bowel 
by  the  formation  of  adhesions.  Syphilitic  fibrous  scar  contractions 
occasionally  occur  simultaneously  in  the  stomach  and  bowels  of  the  same 
patient.  Malignant  neoplasms  may  also  produce  simultaneous  con- 
strictions in  different  parts  of  the  tube. 

Perigastritis  may  lead  to  adhesions  partly  close  to  the  stomach  and 
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partly  at  a  distance  from  it.  An  almost  typical  flexion  of  the  colon  may 
occur  by  the  lifting  up  of  the  transverse  part  of  the  large  bowel  by  adhe- 
sions to  the  ulcer-tumor.  Syphilis  and  tuberculosis  of  the  pylorus  may 
produce  simultaneous  cicatricial  stenosis  of  the  bowels. 

Payr  considers  it  the  best  poUcy  to  endeavor  if  possible  to  relieve 
both  points  of  obstruction  at  one  operation.  The  follo^^dng  case,  taken 
from  Payr's  paper,  illustrates  very  well  the  method  to  be  pursued  in  such 
complicated  cases.  A  man  fifty-six  years  old,  who  had  been  suffering 
for  fifteen  years  from  gastric  symptoms,  had  a  typical  anamnesis  of  ulcus 
ventriculi.  In  each  attack  the  hemorrhages  of  the  stomach  were  very 
severe,  the  stools  often  presenting  a  tarry  appearance  for  weeks;  the 
intervals  between  attacks  became  shorter  and  shorter,  so  that  recently 
hemorrhages  and  attacks 
of  pain  occurred  about 
every  two  months.  In 
October,  1902,  a  very 
severe  attack  occurred 
with  intense  peritonitic 
symptoms,  so  that  the 
patient  had  to  stay  seven 
weeks  in  bed.  Since  that 
time  a  rapid  emaciation 
occurred,  the  weight  fall- 
ing from  60  to  42  kilo- 
grams. The  phenomena 
of  pyloric  stenosis  in  high 
degree  became  increas- 
ingly distinct.  Shortly 
after  each  meal  pain 
occurred  in  the  pyloric 
region,  with  a  tendency 
to  vomit,  with  nausea. 
Frequently  an  hour  and 
a  half  to  two  hours  after 
eating  food  or  acid  fluid 
was  vomited.     Three  to 

four  hours  after  meals  there  was  formed  upon  the  right  side  of  the 
abdomen  a  knotty  tumefaction,  and  at  the  same  time  extremely  severe 
coUcky  pains  were  felt  radiating  toward  the  left  side.  Frequently  the 
patient  became  faint  from  pain.  After  a  half  hour  these  colicky  attacks 
passed  by.  Frequently  six  to  seven  hours  after  eating,  sometimes  at 
night,  there  was  vomiting  of  a  brownish,  very  foul  material.  The  move- 
ments of  the  bowels  were  constantly  difficult. 

Upon  admission  the  man  was  found  to  be  of  medium  stature  and 
extremely  emaciated.  Thedistended  abdomen  presented  a  marked  contrast 
in  appearance  with  the  pronounced  emaciation  of  the  patient.  It  was 
generally  distended,  especially  in  the  region  of  the  umbilicus  and  lower 
abdomen,  less  in  the  epigastric  region.    The  liver  extended  below  the  right 


Stenosed  ulcerated  tu 
mor  on  the  pylorua 


Stenosed  intestinnl 
convolutions 


Fio.  354. — Stf.nobed  Ulcerated  Tumor  on  the  Pylorus; 
Coils  of  Intrstine  Agglutinated  by  Numerous  Ad- 
hesions (Payr). 

Resection  of  125  to  135  cm.;  gastroenterostomy;  intestinal 
anastomosis,     a  and  6,  points  of  resection. 
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costal  arch  about  a  fingerbreadth.  Percussion  gave  a  relatively  dull  zone 
below  the  right  rectus  muscle  over  an  area  about  the  size  of  a  child's  fist. 
Elsewhere  the  abdomen  w-as  tympanitic  with  no  trace  of  dullness  in  the 
lumbar  regions.  Near  the  right  costal  arch  and  below  it  one  could  feel  on  re- 
peated palpation  a  resistant  mass  with  a  smooth  surface  which  was  tender 
to  pressure.  To  the  right  of  the  umbilicus  one  could  note  here  and  there 
a  slight  arching  of  the  abdomen.    The  palpating  hand  felt  increased 

resistance,  which  was  im- 
mediately altered  on  pres- 
sure. On  prolonged  ex- 
amination the  resistance 
became  plainer,  and  gave 
the  impression  of  intesti- 
nal loops  engaged  in  slight 
hy  perperistalsis.  Upon 
striking  gently  with  the 
percussion  hammer  upon 
the  abdomen  these  intes- 
tinal loops  could  be  seen 
in  heightened  activity, 
Ondoii^inf  ihe.™-  JH  _  '^  £:^  slightly  raising  the  ab- 
dominal walls.  On  one 
occasion  during  an  attack 
of  colic,  the  actively  mov- 
ing intestinal  loops  could 
clearly  be  seen  and  felt. 
At  the  same  time  loud 
whistling,  gurgling,  and 
squirting  sounds  could  be 
heard,  the  loops  engaged 
in  this  active  movement 
occupying  a  space  as  large 
as  a  large  fist. 

Distention  of  the  stom- 
ach showed    that  the  re- 
sistance  felt    behind    the 
right    rectus    muscle    be- 
longed   to     the    pylorus. 
Distention    of    the    colon 
with    air    gave    complete 
simultaneous  filling  up  to  the  cecum  and  elicited  no  pain.     Rectal  ex- 
amination was  entirely  negative.     The  vomitus  contained  an  abimdance 
of  free  hydrochloric  acid. 

The  diagnosis  w^as  ulcer  of  the  stomach,  producing  the  recurring 
hemorrhages,  with  consecutive  pyloric  stenosis  and  motor  insufficiency. 
It  was  difficult  to  explain  the  signs  of  a  simultaneous  intestinal  stenosis. 
The  most  probable  diagnosis  was  that  of  perigastric  adhesions  causing 
flexion  at  some  point  in  the  large  intestine.     But  since  Payr  had  regarded 


Aburol  end 


Fia.  355.- 


-Resected  Intestinal  Coils. 
Fig.  354)  (Payr). 


(Same  Case  as 
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the  pronounced  peristalsis  of  intestinal  loops  as  belonging  distinctly  to 
the  small  intestine,  the  cause  of  the  constriction  was  not  considered  as 
having  been  determined.  Nevertheless,  the  operator  thought  of  a  simul- 
taneous inflammatory  process  proceeding  from  the  ulcer. 

An  operation  was  performed  on  the  first  of  February,  1903,  lasting 
one  hour  and  twenty  minutes.  The  stomach  with  its  large  curvature 
plainly  in  view  was  found  hanging  low\  The  pyloric  part  was  fixed  to 
the  surface  of  the  right  lobe  of  the  liver,  and  changed  into  a  hard  tume- 
faction the  size  of  a  small  child's  fist,  of  distinctly  inflammatory  character. 
There  were  numerous  adhesions  of  the  neighboring  organs,  especially 
with  the  liver,  gall-bladder,  and  head  of  the  pancreas.  Fine  thread-like 
adhesions  existed  between  the  tumefaction  and  the  anterior  abdominal 
wall,  and  the  transverse  colon  appeared  to  be  drawn  toward  the  stomach, 
especially  upon  the  right  side.  In  vain,  however,  adhesions  were  searched 
for  between  the  tume- 
faction, which  evi- 
dently was  produced 
by  a  ca,llous  ulcer  of 
the  stomach,  and  the 
neighboring  intestinal 
parts.  Hence  the  en- 
tire intestine  w^as  ex- 
amined, and  showed 
presently  at  a  point 
corresponding  to  the 
junction  of  the  ileum 
and  jejunum  a  rather 
large  portion  of  small 
intestinal  loops  matted 
together  by  numerous 
adhesions  in  charac- 
teristic form  and  fre- 
quently bent  at  acute 
angles,  so  that  the 
supposition  of  obstruction  of  the  small  intestine  was  at  once  borne  out. 
The  limb  of  bowel  leading  to  this  convolution  was  dilated  and  its  walls 
pronouncedly  hypertrophic,  the  afferent  loop  being  much  smaller.  By 
these  adhesions  of  the  loops  of  small  intestines  among  one  another  marked 
U-shaped  flexions  were  produced,  and  upon  slightly  striking  them  lively 
peristaltic  movements  could  be  called  forth.  No  other  lesion  of  the  small 
intestine  or  large  intestine  could  be  found.  No  enlarged  mesenteric 
glands  or  old  ulcer  scars  on  the  surface  of  the  bowels  could  be  found. 
Careful  measurement  of  the  intestinal  convolutions  involved  in  the  ad- 
hesions gave  a  length  of  from  125  to  135  centimeters.  All  the  affected  con- 
volutions were  resected,  and  the  intestinal  ends,  in  spite  of  the  difference 
in  their  diameters,  were  united  by  a  suture  of  double  rows  in  an  axial 
manner.  For  the  reUef  of  the  pyloric  stenosis  and  drainage  of  the  stom- 
ach a  posterior  retrocolic  gastro-enterostomy,  after  von  Hacker,  was 


Fia.  356. — View  op  the  Cicatricial  Adhesions  and  Bands  on 
THE  Convexity  and  Mesenterial  Insertion  of  the 
Agglutinated  Intestinal  Coils  (Payr). 
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carried  out  and  the  abdomen  closed.  Twenty  days  after  the  operation 
the  patient  left  the  hospital,  having  already  increased  in  strength  remark- 
ably. Nine  months  after  leaving  the  hospital  the  patient  had  gained 
almost  20  kilograms,  was  able  to  eat  all  kinds  of  food,  and  no  longer 
thought  of  his  former  disease. 

C.  M.  H.  Howell"  reports  the  case  of  a  girl  of  four  days,  a  full-time 
child,  with  no  external  deformity,  who  vomited  shortly  after  birth  and 
continued  to  vomit  up  to  the  date  of  admission  to  the  hospital.  When 
first  seen  the  vomitus  contained  bile,  and  there  was  a  history  of  this 
bilious  vomiting  for  two  days  previous  to  admission.  No  meconium 
was  vomited,  but  a  small  amount  had  been  passed  on  the  day  of  birth, 

after  which  nothing 
more    was 


Proposed  colo-cft!!- 
ostomy;  colon  atui 
ulcer-tumor  sepii- 
rated 


G  iift  trci-enterostomy 
jierformed 


The  eighth  day  af- 
ter birth  the  child 
died,  having  be- 
come progressively 
w^eaker  since  admis- 
sion. The  question 
of  operation  was 
raised  and  decided 
in  the  negative, 
though  the  result 
of  autopsy  showed 
that  surgical  inter- 
ference might  pos- 
sibly have  proved 
effective.  The  post- 
mortem examina- 
tion showed  that 
seven  feet  from  the 
pylorus  the  small 
intestine  came  to 
an  abrupt  termin- 
ation, and  for  a 
space  of  two  inches 
was  wanting,  was 
then  resumed  as  a  patent  tube  and  extended  two  feet  further  to  the 
ileocecal  valve.  The  upper  part  was  considerably  distended  and  the 
lower  completely  collapsed.  There  was  no  other  abnormality,  although 
the  lower  portion  had  undergone  intussusception  into  itself  for  about 
two  inches.  It  was  noteworthy  that  meconium  was  passed  soon  after 
birth,  and  that  it  was  of  the  ordinary  color,  though  the  bile  can  scarcely 
have  reached  the  lower  portion.  In  a  case  recently  published  by 
EmanueP^  in  the  '*  lancet,''  Aug.  12,  1905,  in  which  there  were  multiple 
occlusions  present,  the  same  fact  was  noted,  and  the  author  quotes  ob- 
servations by  Rolleston  and  Foster,  stating  that  in  congenital  occlusion 
of  the  bile-duct  on  the  one  hand,  and  in  congenital  absence  of  the  liver 


Fio.  357. — Stenosed  Ulcerating  Tumor  on  the  Pylorus  with 
Angular    Bf:nding    of    the    Transverse    Colon    through 
Adhesions  (Payr). 
Plan    of   the  colo-colostomy  releasing  the   adhesions   possible; 

defect  in  the  walls  of  the  colon;    suture;     posterior  gastro-cnteros- 

tomy. 
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on  the  other,  apparently  normal  meconium  was  passed.  Such  abnor- 
malities are  fortunately  rare. 

Intestinal  Stasis. — Intestinal  stasis  may  be  classified  as  partial 
and  complete,  or,  again,  as  acute  and  chronic.  The  special  types,  such  as 
intussusception,  intestinal  strangulation,  etc.,  ordinarily  classified  under 
the  heading  of  intestinal  obstruction  have  already  been  discussed.  Here 
will  be  considered  only  those  cases  falling  on  the  dividing-line  between 
medicine  and  surgery  in  which  there  is  more  than  a  condition  of  chronic 
constipation  and  yet  not  a  clearly  defined,  unquestioned  cause,  such  as 
a  foreign  body,  stricture,  or  growth,  to  explain  the  condition;  in  other 
words,  the  ill-defined  cases  of  intestinal  stasis  which  baffle  the  internist 
and  in  which  surgery  may  either  cure  the  condition  or  be  an  adjuvant  to 
medical  treatment.  It  is  not  intended  to  discuss  the  subject  of  chronic 
constipation  as  a  whole.  This  may  be  found  in  such  treatises  as  those  of 
Nothnagel,  Hemmeter,  and  Illoway,  and  from  whom  I  here  abstract 
freely. 

Illoway  classified  chronic  constipation  as  follows: 

(A)  Chronic  constipation  produced  by  well-developed  morbid  pro- 
cesses: (1)  Obstruction  of  the  lumen  of  the  bowel,  strictures,  growths  of 
the  bowel,  tumors  pressing  on  the  bowel,  adhesions,  kinking.  (2)  By 
impairment  of  secretions  poured  into  the  intestines  in  chronic  diseases  of 
the  liver  and  pancreas.  (3)  By  inhibition  of  peristalsis  through  the 
nerve-centers.  (4)  Chronic  venous  engorgement  of  the  portal  system. 
(5)  By  voluntary  abstention  from  stool  on  account  of  the  pain  it  causes, 
by  reason  of  a  diseased  condition  of  the  rectum,  stricture,  fissure,  hemor- 
rhoids. (6)  By  changes  in  the  mucous  membrane  which  impair  its  ir- 
ritability and  render  it  incapable  of  performing  its  physiologic  function  in 
digestion,  chronic  catarrh,  mucous  colitis,  etc.  (7)  By  atony  of  the  in- 
testinal muscles,  produced  by  morbid  processes  of  the  stomach  and  bowels, 
peritonitis,  etc. 

(B)  Chronic  constipation  from  foreign  bodies. 

(C)  Chronic  constipation  from:  (1)  Malformations,  abnormally  de- 
veloped colon;  undue  size  or  length  of  sigmoid  flexure,  diverticula  of 
the  large  bowel,  diaphragms  in  the  large  bowel.  (2)  Defective  develop- 
ment or  essential  primary  atrophy  of  the  colon.     (3)  Enteroptosis. 

(D)  Chronic  constipation  from  impaired  physiologic  function:  (1) 
Per\'erted  action — enterospasm,  spasm  of  the  sphincter.  (2)  Imperfect 
performance  of  physiologic  function. 

It  can  be  seen  readily  that  some  of  these  factors  become  so  severe  as  to 
demand  inter\'ention,  and  it  is  to  these  that  we  shall  give  our  attention. 

That  patients  can  go  two  to  three  weeks  without  evacuation  of  the 
bowels  and  yet  not  suffer  from  any  symptoms  is  well  known,  and  con- 
versely patients  may  have  bowel  movements  regularly  and  yet  a  high 
degree  of  intestinal  stasis  develop,  so  that  a  history  of  frequent  evacua- 
tion does  not  exclude  the  diagnosis  of  an  intestinal  tumor  due  to  feces. 

The  relation  of  adhesions  to  constipation  has  been  discussed  at  great 
length,  and  while  they  do  not  play  the  r61e  that  authors  originally  attributed 
to  them,  it  is  undoubtedly  true  that  kinking  of  the  bowel  by  the  adhesions 


654  SURGERY   OF   THE    INTESTINES. 

can  give  rise  to  a  high  grade  of  constipation  ending  in  partial  or  complete 
stasis.  Strictures  and  growths,  by  a  partial  retention  of  feces,  develop  a 
vicious  circle  of  impaired  function  and  partial  stasis  that  may  end  in  com- 
plete stasis  at  any  time.  In  sUght  or  gradual  stenosis  hypertrophy  of  the 
muscular  layer  develops  which  may  imdergo  fatty  degeneration  later, 
followed  by  a  slowly  developing  paralysis  the  result  of  a  long-existing 
coprostasis.  The  stasis  developing  from  peritonitis,  either  general  or 
local,  has  been  the  subject  of  much  study.  It  is  probable  that  here  we 
have  a  continuation  of  inflammation  into  the  muscular  layer,  or,  if  this  has 
not  taken  place,  the  muscularis  is  at  least  penetrated  by  a  serous  transu- 
date. Hemmeter  reports  two  cases  in  which,  as  a  result  of  trauma,  there 
was  an  edema  of  all  the  coats  so  as  to  produce  a  temporary  obstruction. 
The  congenital  hypertrophic  dilatation  has  been  discussed  elsewhere,  as 
has  also  the  etiologic  factor  of  enteroptosis.  Concerning  this,  however, 
it  must  be  emphasized  that  medical  treatment  should  be  tried  before  re- 
sorting to  surgical  intervention.  A  patient  may  have  a  high  degree  of 
enteroptosis  without  any  symptoms,  and,  on  the  other  hand,  a  vicious 
circle  may  be  inaugurated  that  will  ultimately  demand  attention.  The 
mucous  colitis  and  intestinal  catarrh  are  often  due  to  a  pre-existing  peri- 
sigmoiditis or  peridiverticuUtis  or  other  chronic  lesion,  the  colitis  in  turn 
producing  a  stasis,  the  whole  demanding  an  appendicostomy  or  other 
operative  procedure.  The  skeletal  musculature  may  be  the  prime  factor 
in  inaugurating  a  series  of  disasters  that  will  end  in  stasis.  The  relaxed 
abdominal  wall  leaves  the  intestines  without  that  factor  which  aids  in  the 
evacuation  of  feces  from  the  rectum.  Pincus  further  maintains  that  those 
women  who  have  suffered  traumatism  of  the  musculature  of  the  pelvic 
floor  experience  increasing  difficulty  in  evacuation,  and  ultimately  a 
habitual  constipation  favoring  final  coprostasis. 

Paralytic  and  dynamic  ileus  has  been  discussed  elsewhere,  but  this 
type  of  coprostasis  is  so  frequent  as  to  merit  further  consideration  here. 
It  is  due  to  a  large  variety  of  etiologic  factors.  It  may  affect  a  small  part 
of  the  entire  length  of  the  intestinal  tube.  Formerly  the  symptom-com- 
plex knowTi  as  paralytic  ileus  was  believed  to  be  due  to  paralysis  of  the 
bowel,  but  Henrot  enlarged  the  conception  conveyed  by  the  term  and  in- 
troduced the  terms  pseudo-occlusion  and  pseudo-incarceration.  Noth- 
nagel  says  that  while  no  one  doubts  that  paralysis  of  the  intestine  may 
occur  as  a  consequence  of  peritonitis  or  overdistention,  yet  the  occurrence 
of  a  purely  functional  form,  apart  from  nervous  causes,  is  not  generally 
conceded;  some  would  regard  the  paralysis  as  toxic  or  bacterial;  he, 
however,  believes  that  a  purely  functional  nervous  paralysis  does  occur. 
Accepting  this,  paralysis  of  the  intestine  may  be  classified  as  follows: 
(1)  Functional  nervous  paraylsis  of  the  intestine.  (2)  Motor  insufficiency 
due  to  marked  anatomic  lesions  of  the  intestine,  e.  ^.,  embolism  of  the 
mesenteric  artery,  paralysis  from  overdistention  by  gas.  (3)  Toxic 
enteroparalysis,  e,  g,,  drugs  and  toxins,  acting  on  the  nerves.  (4)  Par- 
alysis of  central  origin,  e,  g.,  tabes.  (5)  Reflex,  e.  g.,  orchitis,  renal  colic. 
Whether  this  is  followed  by  an  enterospasm  or  enteroparalysis  is  not 
known. 
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Nothnagel  maintains  that  the  mechanism  of  intestinal  obstruction 
here  is  as  follows.  The  driving  power  of  the  intestinal  wall  becomes  in- 
sufficient, and,  as  a  result,  the  contents  of  the  affected  segments  of  the 
intestine  remain  stationary  and  are  not  propelled  onward.  Stasis  of  the 
bowel-contents  and  accumulation  of  fecal  matter  naturally  occurs,  the 
material  successively  filling  the  different  portions  of  the  intestine  in  a 
direction  upward  toward  the  stomach.  These  distended  loops  may  kink 
the  gut  at  fixed  points.  Leichtenstem  explains  certain  obstructions  as 
follows:  The  loops  of  intestine  that  are  inflated  and  distended  with  gas, 
particulariy  if  they  have  a  long  mesentery,  always  rise  upward  in  the  ab- 
domen and  occupy  the  highest  possible  position.  When  the  patient  is 
lying  on  his  back,  the  inflated  loops  naturally  rise  upward  and  press 
against  the  anterior  abdominal  wuU.  On  the  other  hand,  the  distended 
loops  with  a  short  mesenter>',  particulariy  the  duodenum  and  first  part 
of  the  jejunum,  are  fixed  near  the  spinal  column,  and  if  the  patient  is 
lying  in  the  dorsal  position,  the  pylorus  will  be  situated  lower  down  than 
the  distended  loops  of  intestine,  which  have  risen  upward  against  the 
anterior  abdominal  wall.  The  natural  result  of  this  displacement  is  that 
liquid  contents  of  the  duodenum  and  of  the  upper  part  of  the  jejunum,  in 
obedience  to  the  law  of  gravity,  run  backward  into  the  stomach.  In  this 
way  gaseous  distention  produces  results  exactly  the  same  as  those  of 
stenosis  of  the  small  intestine. 

In  the  ordinary''  case  the  accumulation  of  feces  from  chronic  stasis 
occurs  in  the  large  intestine.  The  masses  may  be  of  immense  size.  The 
etiologic  interference  with  innervation  is  then  reinforced  by  the  pressure 
due  to  the  increasing  amount  of  feces,  and  ultimately  complete  occlusion 
of  the  bowel  may  result,  either  by  a  purely  mechanical  factor  of  accumu- 
lated feces  or  by  the  displacement  of  the  heavy  loops  causing  kinking  in 
the  bowel,  or  the  functionating  power  of  the  intestine,  which  is  already 
weak,  becomes  more  affected  by  the  accumulated  mass,  and  complete  loss 
of  function  ensues. 

The  diagnosis  of  these  tumors  is  often  difficult.  The  history  may 
show  regular  evacuations,  with  a  gradually  developing  tumor.  It  is 
more  common  in  females  than  in  males.  They  may  be  above  the  um- 
bilicus, but  generally  if  they  are  in  the  transverse  colon,  it  is  dragged  down 
into  the  pelvis;  and  if  it  is  in  either  the  ascending  or  descending  colon,  it 
occupies  a  corresponding  position.  They  may  be  of  any  shape  or  con- 
sistency, but  frequently  can  be  molded.  Gersuny  and  others  have  drawn 
attention  to  the  fact  that  when  one  draws  the  fingers  away  after  deep 
palpation,  he  perceives  a  feeling  of  separation  of  the  wall  of  the  gut  from 
the  mass — a  sort  of  sucking  sensation.  Chronic  digestive  disorders  are 
frequently  complained  of,  eructations,  poor  appetite  and  headache,  and  a 
slight  temperature;  pressure  on  lumbar  and  sacral  nerves  may  give  pain 
in  thigh.  The  shape  of  the  mass  changes  after  repeated  attempts  to  un- 
load the  bowel  by  enemas  and  local  extraction  of  feces.  Hemorrhoids 
frequently  are  present.  Ulcers  with  local  peritonitis  may  complicate  the 
picture.  The  patient  may  develop  an  acute  condition  known  as  fecal 
colic, — violent  colicky  pains  severe  enough  to  produce  syncope, — ^gas 
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accumulates,  which  may  be  expelled  after  an  enema,  vomiting  may  inter- 
vene, and  in  severe  cases  the  patient  may  die  with  the  symptoms  and  signs 
of  acute  intestinal  obstruction. 

The  treatment  of  these  cases  naturally  varies  with  the  condition  pres- 
ent and  the  causative  factor.  We  will  not  discuss  the  medical  treatment, 
since  it  is  fully  described  in  the  medical  text-books  dealing  with  this 
condition. 

In  case  an  apparently  complete  obstruction  is  found  with  colic,  the 
evacuation  of  the  bowels  must  be  brought  about  by  large  soapsuds  colonic 
flushing,  supplemented  by  enemas  and  removal  of  the  feces  with  the  aid 
of  a  spatula  and  kneading  of  the  fecal  mass.  In  manipulating  the  in- 
testine for  this  condition,  it  should  be  remembered  that  the  intestinal 
wall  is  thin  and  easily  ruptured  owing  to  the  presence  of  fecal  ulcers. 
Occasionally  masses  may  be  so  hard  that  they  cannot  be  propelled  along 
the  intestinal  canal,  and  must  be  removed  by  laparotomy.  This  occurs 
especially  in  the  cecum.  These  masses  often  develop  in  the  ampulla  of 
the  rectum,  and  must  be  broken  up  by  instruments  and  removed  by  the 
fingers  or  a  spoon.  After  the  mass  is  removed  the  patient  should  be  ob- 
served carefully  for  some  time,  the  bowels  kept  open,  and  the  patient 
treated  medically.  The  original  cause  of  the  trouble  should  be  sought, 
and  treated  either  by  medical  or  surgical  means  as  the  condition  may 
demand.  Laparotomy  and  the  breaking  up  of  adhesions  which  cause 
angulation,  the  treatment  of  enteroptosis  (see  Enteroptosis),  the  restora- 
tion of  the  competence  of  the  anterior  abdominal  wall,  the  treatment  of 
coUtis  and  chronic  constipation  by  appendicostomy  or  cecostomy,  the 
removal  of  the  appendix,  may  any  of  them  be  demanded.  Arbuthnot 
Lane***  has  suggested  more  radical  measures  in  these  cases  of  chronic  in- 
testinal stasis — more  radical,  indeed,  than  is  accepted  at  the  present 
time.     His  theories  and  methods  of  treatment  in  brief  are  as  follows: 

"In  the  treatment  of  such  degrees  of  overloading  of  the  large  bowel 
as  cannot  be  treated  efficiently  by  measures  short  of  operation,  I  have 
obtained  considerable  success  by  dividing  constricting  bands  and  ad- 
hesions, and  by  subsequent  careful  attention  to  the  proper  functioning  of 
the  bowel.  In  a  considerable  proportion  of  cases,  and  more  particularly 
in  women,  such  means  are  insufficient,  as  at  the  best  they  only  afford 
temporary  relief,  since  the  obstruction  recurs  sooner  or  later. 

"In  my  earliest  cases,  after  the  appendix  had  been  removed  and  the 
cecum  and  flexures  freed  from  adhesions,  on  one  or  more  occasions  with- 
out any  other  than  transitory  benefit,  I  looked  about  for  some  means  of 
relieving  the  patients  of  the  cecal  pain  from  which  they  suffered  and  for 
the  reUef  of  which  they  were  ready  to  submit  to  any  operation.  In  the 
first  case  I  merely  made  a  lateral  anastomosis  between  the  ileum  and  sig- 
moid, but  the  early  return  of  cecal  pain  obliged  me  to  divide  the  ileum. 
In  several  of  these  cases  after  an  interval  of  months  the  patients  were  oc- 
casionally annoyed  by  the  presence  of  hard,  dry  masses  of  fecal  matter  in 
the  cecum.  These  produced  no  auto-intoxication,  but  the  discomfort 
arising  from  the  pressure  was  sufficient  to  make  me  remove  the  large  bowel 
as  far  as  the  splenic  flexure.    They  are  not  necessarily  the  result  of  re- 
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gurgitation,  but  are  probably  secreted  by  the  large  bowel.  A  still  more 
extended  experience  showed  me  that  if  any  portion  of  the  large  bowel  is 
left  above  the  junction  with  the  ileum,  it  tends  to  dilate  sooner  or  later. 
This  dilatation  may  interfere  with  the  satisfactory  evacuation  of  feces,  and 
discomfort  or  pain  may  ensue  because  of  its  distention  by  fecal  matter  or 
gas.  Therefore  to  overcome  the  constipation  as  well  as  the  septic  ab- 
sorption, the  large  bowel  should  be  removed  as  far  as  its  junction  with  the 
il^um,  which  is  effected 
in  the  upper  part  of 
the  rectum  or  in  the 
adjacent  sigmoid. 

"  Therefore,  when 
I  recognize  that  the 
mechanics  of  the  in- 
testines have  been 
altered  to  a  degree 
that  cannot  be  recti- 
fied satisfactorily  by 
the  division  of  bands, 
etc.,  I  divide  the  ileum 
at  a  distance  of  about 
five  or  six  inches  from 
the  cecum.  This  can 
be  done  rapidly  and 
securely  by  applying 
a  strong  compression 
forceps  on  the  ileum, 
so  as  to  reduce  the 
bulk  of  the  coats  to 
the  minimum  possible. 

*'A&  the  forceps  is 
removed,  the  com- 
pressed band  of  bowel 
is  ligatured  by  means 
of  a  sufficiently  stout 
ligature.  The  ileum  is 
divided  by  the  cautery 
immediately  beyond 
the  ligature.  The 
stump  is  then  buried 
in  the  proximal  bowel 

by  means  of  a  purse-string  suture  which  encircles  the  bowel  about  three- 
quarters  of  an  inch  above  its  ligatured  extremity,  rendering  the  closure 
absolutely  secure,  and  perforates  its  peritoneal  and  muscular  coats. 

**The  acquired  adhesions  and  peritoneum  which  bind  the  cecum  and 

ascending  colon  to  the  abdominal  wall  external  to  them  are  divided  and 

the  bowel  is  raised  till  the  vessels  which  supply  it  are  exposed.     These  are 

grasped  in  compression  forceps  and  firmly  ligatured.     The  vessels  supply- 
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Tia.  358. — Diagrammatic  Rkprbbentation  or  Many  or  the 

CHANOf-:8   WHICH    THE    LaRGE   BoWEL   UNDERGOES   IN  CON- 
BKQUKNCE     OP     THE      HaBITUAL      INTERFERENCE     WITH     ITS 

Functions  bt  Constipation  (W.  Arbuthnot  Lane). 

The  normal  condition  is  shown  as  a  dotted  line,  while  the 
firm  outline  illustrates  the  mcKJiheations  which  take  place  in  con- 
sequence of  habitual  overloading.  N.  C,  N.  T.  C,  N.  S.  F.,  and 
N.  R.  indicate  what  may  roughly  be  regarded  as  the  normid 
cecum,  transverse  colon,  sigmoid  flexure  and  rectum,  while  A. 
C,  A.  T.  C,  A.  S.  F.,  and  A.  R.  represent  these  part«  in  their 
altered  state.  B.  T.  P.  and  I.  C.  show  the  lines  ol  the  brim  of 
the  true  pelvis  and  of  the  iliac  crests.  The  appendix  is  left  free 
from  atlhesions  or  deformity,  so  as  not  to  render  the  diagram 
too  complicated. 
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ing  the  transverse  colon  are  similarly  treated,  and  finally  the  descending 
colon  and  sigmoid  are  removed,  the  rectum  or  the  lower  part  of  the  sig- 
moid being  occluded  in  the  same  manner  as  the  ileum. 

"I  had  usually  been  satisfied  to  divide  the  transverse  colon  at  the 
splenic  flexure,  closing  the  distal  portion  in  the  manner  already  described, 
but  for  the  reasons  I  have  given  I  now  remove  the  descending  colon  and 
the  sigmoid,  closing  the  large  bowel  at  or  just  above  its  junction  with  the 
rectum. 

"The  termination  of  the  ileum  and  the  rectum  adjacent  to  it  are 
brought  into  convenient  apposition,  and  a  perfectly  secure  and  reliable 
lateral  anastomosis  is  made  by  means  of  a  double  row  of  continuous  su- 
tures, the  inner  row  of  which  perforates  all  the  coats,  while  the  outer  does 
not  enter  the  lumen  of  the  bowel. 

"  If  the  surgeon  prefers  it,  the  ileum  and  rectum  may  be  united  end  to 
end.  This  is  the  better  way,  since  any  tendency  to  pouching  which 
exists  in  the  case  of  lateral  anastomosis  is  avoided.  The  objection  to  it  is 
that  it  is  not  so  absolutely  safe  because  of  the  difference  in  the  circum- 
ference of  the  two  pieces  of  bowel,  the  frequent  great  tenuity  of  the  wall  of 
the  ileum,  and  the  diflficulty  occasionally  met  with  in  dealing  with  the 
mesenteric  attachment.'* 

Obstruction  by  Meckers  Diverticulum.— An  intussusception 
may  be  brought  about  by  the  presence  of  a  Meckel's  diverticulum 
in  the  same  way  as  this  would  be  produced  by  a  polyp  when,  as  in 
cases  described  by  Treves  and  Bryant,  the  diverticulum  has  become 
invaginated  with  the  intestinal  tube.  The  peristaltic  movements  of 
the  bowel  may  then  force  the  invaginated  diverticulum  onward,  the 
bowel  wall  being  carried  with  it. 

Strangulation  by  and  of  MeckeFs  Diverticulum.— Meckel's  diver- 
ticulum may  cause  strangulation  by  the  free  diverticulum,  when  very 
long,  producing  a  knot  about  a  loop  of  bowel.  Exceptionally,  more- 
over, by  torsion  about  itself  or  its  loop  of  bowel  the  diverticulum  may 
produce  the  same  result.  The  inflamed  diverticulum  frequently  becomes 
adherent  to  neighboring  structures,  producing  stenosis.  Axial  rotation 
and  flexion  of  the  intestine  may  be  produced  about  the  adherent  diverti- 
culum (Kramer). 

From  5  to  7  per  cent,  of  occlusions  occurring  about  the  cecum  are  due 
to  the  implication  of  Meckel's  diverticulum. 

Intussusception  or  intestinal  invagination  is  the  slipping  of  one 
part  of  the  bowel  into  the  part  continuous  with  it  above  or  below.  In 
the  former  case  we  speak  of  an  ascending  invagination,  in  the  latter 
of  a  descending  one.  Naturally  the  descending  form  is  by  far  the  more 
common.  The  portion  of  bowel  acting  as  the  cover  or  casing  is  called 
the  iniussuscipienSj  while  the  included  part  is  the  irUusfnisccptum.  The 
neck  is  that  part  of  the  bowel  where  the  intussusceptum  passes  over  into 
the  intussuscipiens.  The  apex  is  the  part  of  the  intussusceptum  pro- 
jecting upwards  or  downwards  into  the  cavity  of  the  bowel. 

Double  invaginations  have  been  described  where  an  intussusception 
has  itself  become  a  part  of  an  additional  invagination  process,  so  that 
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instead  of  a  mass  consisting  of  three  cylinders  we  have  one  composed  of 
five. 

The  circulating  disturbances  due  to  traction  and  compression  of  the 
mesentery  are  of  the  gravest  importance  and  are  in  direct  relation  to  the 
rapidity  of  onset  and  the  tightness  of  the  constriction  (Nothnagel). 

Venous  stasis  with  exudation,  infection,  inflammation,  and  gangrene 
at  the  neck  of  the  intussusceptum  (Senn)  constitute  the  prominent  points 
in  the  morbid  anatomic  sequence. 

In  less  intense  degrees  of  strangulation  adhesions  may  form  between 
the  peritoneal  coats,  rendering  the  anatomic  relations  permanent,  while, 
the  conditions  of  swelling  and  constriction  disappearing,  the  intestine  may 
again  become  patent. 

On  the  other  hand,  after  such  adhesions  have  been  formed,  sloughing 
of  the  entire  intussusceptum  may  lead  to  spontaneous  recovery. 


Fio.  369. — Intussusception — Ileocecal.    Child.    Resection. 


The  writer  observed  one  case  of  this  kind  in  consultation  with  Elbert 
Wing.  Wing  watched  an  old  man  of  about  seventy  years  of  age 
through  a  protracted  attack  of  typhoid  fever,  at  the  close  of  which 
symptoms  of  intestinal  obstruction  were  observed.  A  tumefaction  was 
to  be  felt  in  the  region  of  the  ileocecal  valve  and  blood  and  mucus  were 
passed  with  the  stools.  The  obstruction  of  the  bowels  was  only  partial. 
After  a  few  days  the  wife  of  the  patient,  while  assisting  him  with  a  move- 
ment of  the  bowels,  was  horrified  to  find  a  piece  of  tissue  projecting.  By 
pulUng  upon  this  mass,  a  piece  of  tissue  that  was  afterward  found  to  be  a 
part  of  the  ileum  about  20  inches  in  length  was  removed.  The  patient 
recovered  from  the  immediate  effects  of  the  intussusception,  but  later 
succumbed  to  intestinal  obstruction,  probably  due  to  scar  contraction 
about  the  site  of  the  old  lesion. 

Hermes*^  has  considered  the  subject  of  spontaneous  elimination  of 
the  intussusceptum  at  some  length,  and  has  brought  together  the  chief 
facts  pertaining  to  it  from  the  Uterature.     He  says  that,  while  children 
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are  afflicted  in  such  an  extraordinary  degree  with  this  malady,  spontaneous 
discharge  of  the  intussusceptum  occurs  in  them  with  great  rarity;  but 
the  relations  with  adults  are  quite  the  reverse.  Two  per  cent,  of  all  cases 
of  spontaneous  ehmination  of  the  intussusceptum  occur  in  the  first  year 
of  life,  while  6  per  cent,  take  place  between  the  second  and  fifth  years. 
Wichmann  collected  724  cases  of  intestinal  invagination.  In  forty-nine 
cases  spontaneous  discharge  occurred  before  the  fourth  week,  two  after 
the  fourth  week,  one  after  the  second  month,  one  after  the  third 
month,  one  after  the  fourth  month,  while  in  fifteen  cases  the  time  is 
not  stated. 

The  mortality  Wichmann  states  to  be  3  per  cent,  after  elimination 
of  the  intussusceptum. 

Etiology. — Tliree  important  anatomic  circumstances  must  be  con- 
sidered in  relation  to  the  etiology  of  intussusception:  (a)  the  differences 
in  diameter  of  the  small  and  large  intestines,  (b)  prolapse  of  the  mucosa 
of  the  ileum,  and  (c)  the  abnormal  length  and  mobility  of  the  mesenteT>\ 
D'Arcy  Power  emphasizes  the  relation  of  the  diameter  of  the  ileum  to  that 
of  the  colon.  While  the  diameter  of  the  colon  is  at  birth  only  a  few  milli- 
meters greater  than  that  of  the  small  intestine,  and  before  birth  their 
diameters  are  almost  equal,  at  the  fifth  year  the  colon  is  from  two  to  three 
and  one-half  times  as  wide  as  the  ileimi,  since  after  birth  the  colon  begins  to 
grow,  while  the  ileum  enlarges  but  slightly.  During  the  first  month  of  life 
the  disproportion  rapidly  increases,  and  Power  thinks  that  the  ileocecal 
valve  may  be  less  competent  during  this  period,  making  intussusception 
easily  possible.  Power  made  accurate  anatomic  investigations  on  the  ileo- 
cecal region.  The  axis  of  the  ileum  in  relation  to  the  cecum  was  horizontal 
in  twenty  cases,  straight  and  obliquely  downward  in  fourteen  cases,  con- 
cave downward  in  three  cases,  and  convex  downward  in  one  case. 

These  statistics  suffice  to  show  that  no  exact  relationship  between 
these  parts  of  the  bowels  can  be  considered  the  rule,  so  that  we  are  easily 
able  to  understand  how  morbid  changes  in  position  can  be  brought  about. 
Rilliet  called  attention  to  the  relaxation  of  the  colon  in  the  internal  iliac 
fossa  as  a  cause  of  intussusception.  Power  referred  especially  to  the 
length  of  the  mesenter>',  finding  the  relation  of  the  length  to  the  entire 
body  in  nursing  children  much  greater  than  in  older  children,  from  which 
he  concludes  that  the  range  of  mobility  must  be  correspondingly  greater 
in  children. 

Lorenz,^*  discussing  the  etiology  of  invagination,  maintains  that,  so 
far  as  concerns  those  invaginations  which  involve  the  region  of  the 
ileocecal  valve,  in  the  majority  of  cases  the  beginning  of  the  process  takes 
place  not  at  the  ostium  ileoca^cale,  but  that  it  occurs  by  the  rolling  in  of 
the  cecum  itself,  so  that  actually  a  preliminary  process  occurs  to  which 
Lorenz  gives  the  name  of  invaginatio  caecocolica.  His  illustrations  also 
suggest  the  role  that  may  be  played  by  what  may  be  called  collateral 
morbid  anatomic  changes;  as,  for  example,  by  the  presence  of  an  enlai^ged 
lymphatic  gland  or  a  Meckel's  diverticulum. 

Tumors  as  a  cause  of  intussusception  have  been  noted  not  infrequently. 
In  the  main  they  are  non-malignant,  and  usually  are  located  at  the,  apex 
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Fio.    360. — o,    Invaoinatio    Iliaca;     b,    Invaginatxo    Ilia- 
ILEOCOLICA    (H.  Lorenx). 


of  the  intussiisceptum  and  are  chiefly  pedunculated.  As  a  rule,  they 
occur  in  adults.  Weiss,^  in  his  study  of  the  literature,  refers  to  sixteen 
instances.  Two  instances  were  papillomata  of  the  rectum  with  subse- 
quent intussusception  of  the  colon.  In  both  cases  after  removal  of  the 
papilloma,  the  intussusception  could  be  reduced  with  the  hand  introduced 
into  the  bowel  as  far 
as  the  elbow.  Wagner 
was  able  to  palpate  a 
pedunculated  fibroma 
in  the  case  of  an  in- 
tussusceptio  iliaca  at 
the  apex  of  the  intus- 
susceptum.  Paltauf 
demonstrated  a  case  of 
polyposis  of  the  stom- 
ach and  intestines  with 
consecutive  intussus- 
ceptio  ileocsecalis. 
Treves  reported  a  case 
in  which  three  polypi 
caused  three  separate  invaginations.  Treves'  view  of  the  mechanism  is 
not  that  the  polyp  precedes  and,  as  it  were,  draws  upon  the  intussus- 
ceptum,  but  rather  that  it  excites  an  intense  peristalsis  at  the  point  of 
its  attachment. 

Benign  tumors  producing  intussusception  include  also  adenomata 
and  fibromyxomata.  Marchand  described  a  subserous  lipoma  of  the 
cecum  that  formed  the  starting-point  of  an  invaginatio  ileocsecalis. 

Hochenegg  thinks  with 
reference  to  carcinoma  that 
it  can  become  the  cause  of 
invagination  only  when  it 
is  polyp-like,  or  when  it 
proceeds  from  the  ileocecal 
valve. 

Dei  chert  describes  a  case 
of  lymphocarcinoma  of  the 
digestive  tract  with  multi- 
ple  intussusceptions,  while 
Luboff  mentions  a  solitary 
lymphocarcinoma     located 
at  the  point  of  the  intus- 
•  susceptum.      A    melanotic 
carcinomatous  metastasis  was  described  by  Marchand  as  the  cause  of 
an  intussusceptio  jejunalis,  the  recurrence  having  taken  place  in  the  in- 
testinal mucosa. 

Meckel's  diverticulum  has  repeatedly  been  the  cause  of  intussuscep- 
tion. O'Connor  reported  the  interesting  case  of  the  spontaneous  elimina- 
tion of  a  piece  of  intestine  22  cm.  long  from  an  intussusceptio  iliaca,  a 
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colic a  (H.  Lorenz). 
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Flo.  362. — o,  Invaginatio  Ilecx;acalis  in  Connection  with 
Prolapsus  Ilei;  6,  Invaginatio  C.«cocouca  (H. 
Lorenx). 


part  of  the  intestine  containing  a  Meckers  diverticulum.  One  of  the 
rarest  cases  of  this  kind  was  reported  by  Golding-Bird,  a  four-weeks-old 
child  presenting  from  the  navel  a  prolapse  of  reddened  mucous  membrane 
from  which  feces  were  discharged.  The  prolapse  increasing,  the  child 
died.    The  autopsy   confirmed   the  diagnosis  of  intussusceptio  iliaca, 

occurring  through  an 
open  Meckel's  diverti- 
culum. Kuettner  de- 
scribes a  case  in  which 
the  diverticulum  was. 
itself  the  subject  of 
intussusception.  He 
states  that  his  is  the 
only  case  subjected  to 
clinical  study,  the 
others  reported  hav- 
ing been  noted  only 
by  the  pathologists. 

The  vermiform  ap- 
pendix may  act  hke  a 
Meckel's  diverticulum  in  the  cause  of  intussusception.  Pitts  described 
a  case  in  which  a  chronic  ileocecal  intussusception  involved  the  complete 
inversion  of  the  appendix  in  a  two-and-a-half-year-old  child.  The  in- 
verted vermiform  appendix  appears  to  have  acted  like  a  polyp,  partly 
by  traction.  Waterhouse  discovered  a  stone  in  the  appendix  which  had 
been  inverted  into  the  cecum  and  had  undergone  intussusception. 

Ulcers  of  the 
bowel  have  been 
found  as  causes 
of  intussuscep- 
tion in  dysentery 
and  tuberculosis. 
In  Orton's  case  a 
fifty -eight -year- 
old  man  was  ill 
of  chronic  ulcer- 
ative "typhUtis." 
The  correctness 
of  the  diagnosis 
was  established 
at  post-mortem, 
and  moreover  an 

intussusceptio  caecalis  was  discovered  which  had  developed  some  time 
before  death. 

Dartiques  describes  a  case  of  mucous  colitis  complicated  with  invagina- 
tion. 

Fischl  mentioned  a  case  in  which  the  end  of  an  enema  tube  produced 


Fig.  363. — Invagination  Caused  bt  a  Ltmph-oland  (H.  Lorenz). 
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a  depression  in  the  wall  of  the  intestine  that  formed  the  starting-point 
of  an  intussusception. 

Wiggin  considers  that  trauma  may  play  an  important  r61e  in  the 
intussusceptions  of  children,  even  the  careless  manner  in  which  children 
are  lifted  and  carried  being  sometimes  an  etiologic  factor.  Sudden 
strong  movements  of  the  muscles,  as  in  coughing,  and  even  the  massage 
of  the  abdomen,  may  produce  invagination  in  young  children.  More 
severe  traumas,  as  falls  from  a  height  or  the  violence  of  foot-ball  playing, 
may  start  invagination. 

Gibson  regards  phimosis  or  narrowing  of  a  stricture  of  the  urethra  as 
of  importance  in  children,  espe- 
cially in  the  etiology  of  intus- 
susception. 

Schmidt  reports  the  case  of 
a  man  upon  whom  a  resection  of 
the  pylorus  was  done,  followed 
by  gastroduodenal  anastomosis 
by  Murphy's  button.  A  few 
days  after  the  operation  the 
patient,  who  was  forty-eight 
years  old,  suddenly  was  seized 
with  severe  colicky  pains,  the 
cause  of  which  was  not  known 
until  the  twenty -fourth  day 
after  the  operation,  when  an 
intestinal  slough  was  dis- 
charged, consisting  of  a  part  of 
the  transverse  colon  which  had 
been  adherent  to  the  greater 
cur\^ature  of  the  stomach. 

Increased  peristalsis  appar- 
ently producing  intussuscep- 
tion has  been  noticed  by  a 
number  of  writers  as  having 
been  caused  by  a  change  of 
diet,  especially  in  nursing  chil- 
dren. 

Clubbe^  reports  100  cases 
0/ laparotomy  for  intussuscep- 
tion in  children  with  63  recoveries  and  37  deaths.  In  the  ileocecal  form 
of  the  disease,  which  affected  64  patients,  43  were  cured,  21  died.  In 
^^  ileocolic  form,  of  12  patients,  7  recovered  and  5  died.  In  the  double 
>^'m  20  patients  were  operated  upon  with  11  recoveries  and  9  deaths. 
^  the  colic  form  3  patients  yielded  2  recoveries  and  1  death,  while  in  the 
^t^ric  form  one  patient  was  operated  upon  with  death. 

I^  the  disease  apparently  occupies  a  position  on  the  transverse  or 
^^^nding  colon,  the  median  Une  is  used  for  the  incision;  but  if  the  mass 
^pon  the  right  side,  Clubbe  makes  the  incision  there. 


Fio.   364. — a.  Entrance  to  Ilbuic;    6,  6,  Sound 
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The  mortality  of  intussusception  after  operation  has  been  studied 
by  Wichmann."  Of  724  cases,  223  were  operated  upon:  73  recovered 
and  150  died. 

Treatment. — No  operation  for  intussusception  can  be  considered 
complete  unless  those  morbid  changes  which  preceded  the  invagination, 
and  which  perhaps  bore  a  causative  relation  to  it,  have  been  remedied  or 
removed.  Lorenz^^  lays  especial  stress  upon  the  removal  of  polypi  and 
Meckel's  diverticulum,  while  in  the  case  of  the  cecocolic  form  of  the 
malady,  an  approximately  normal  fixation  of  the  cecum  and  the  ascending 
colon  is  to  be  provided.  The  well-known  frequency  with  which  recurrence 
of  invagination  takes  place  when  once  the  accident  has  occurred  makes 
this  precaution  one  to  be  neglected  only  in  cases  of  extreme  urgency, 
where  the  prolongation  of  the  operation  for  a  few  moments  would  be 
attended  by  a  hazard  disproportionate  to  the  expected  benefits  of  the 
procedure. 

The  Sjrmptoms  and  course  of  the  disease  correspond  with  those  of 
other  forms  of  acute,  internal  strangulation.  In  children,  often  following 
a  trauma  of  the  abdomen,  the  difficulty  begins  suddenly,  especially  in 
cases  involving  the  small  intestine,  with  severe  colicky  pain  followed  by 
vomiting  and  frequently  by  a  bowel  movement.  A  valuable  diagnostic 
sign  is  the  passage  of  muco-hemorrhagic  material,  occasionally  in  a 
diarrhea-like  way.  The  discharge  of  small  quantities  of  gas  and  feces 
may  indicate  that  the  intestine  is  not  wholly  occluded.  Under  these  dis- 
tressing conditions  collapse  frequently  occurs  in  children.  Meteorism 
is  more  Ukely  to  be  pronounced  where  the  occlusion  is  complete,  but  this 
symptom  is  uncertain  as  to  constancy. 

A  palpable  tumefaction  occurs  very  frequently.  Its  size  varies  from 
that  of  an  egg  to  that  of  a  large  section  of  the  bowel.  The  shape  is  most 
suggestive  of  its  origin;  it  is  usually  cyUndrical,  sausage-hke,  and  often 
somewhat  curved.  But  it  is  only  in  unusual  cases  that  all  the  character- 
istics can  be  made  out  accurately.  Though  the  resistance  offered  by  the 
tumefaction  is  variable,  it  is  usually  to  some  extent  yielding  to  pressure. 
It  is  best  to  examine  during  an  attack  of  colicky  pain. 

Leichtenstem  states  that  the  most  frequent  site  of  the  tumefaction 
is  in  the  sigmoid  region,  then  in  the  rectum,  in  the  cecal  region,  and  with 
diminishing  frequency  in  the  regions  of  the  descending,  transverse,  and 
ascending  colons  and  in  the  hypogastrium.  The  mass  is  not  always 
found  in  the  part  of  the  abdomen  normally  harboring  the  affected  intestine. 

Strangulation. — Obstructions  similar  to  those  produced  in  stran- 
gulated hernia  are  due  to:  (1)  The  action  of  peritoneal  products; 
(2)  to  that  of  Meckel's  diverticulum;  (3)  to  incarceration  in  adventitious 
rents  or  holes;  and  (4)  to  the  strangulation  of  internal  hernias  (Noth- 
nagel). 

In  the  first  category  are  to  be  included  strangulations  by  isolated 
peritoneal  bands  due  to  antecedent  peritonitis,  which  vary  within  wide 
Umits  as  to  site,  breadth,  length,  thickness,  strength,  and  points  of 
attachment.  All  sorts  of  parts  and  organs  may  be  bound  together  and 
the  utmost  variety  of  changes  in  the  bowel  may  result  from  their  con- 
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Fig.  365. — ^The  Dilated  Stomach  due  to  Mesentehic 
Obstruction  of  the  Duodenum  (CoDner). 


traction  or  from  the  en- 
gagement of  the  bowel 
beneath  or  about  them. 

The  vermiform  ap- 
pendix, MeckeFs  diverti- 
culum, or  the  omentum 
may  become  more  or  less 
fixed  by  adhesions  and 
give  rise  to  strangulation 
by  permitting  the  bowel 
to  become  caught  be- 
neath them. 

Congenital  openings 
in  the  omentum  and 
mesentery  occasionally 
permit  a  loop  of  bowel 
to  enter  and  become 
occluded.  Adventitious 
openings  due  to  pro- 
ductive peritonitis  are  common  sources  of  such  trouble. 

The  extensive  group  of  ''internal  hernias"  has  been  treated  else- 
where. ( See  page  99  in 
this  volume.) 

The  symptoms  are 
much  like  those  of  stran- 
gulation occurring  in  an 
external  hernia — sudden 
pain  following  upon  vio- 
lent activity,  then  vomit- 
ing, with  complete  cessa- 
tion of  passages  of  gas 
and  feces,  feculent  vom- 
iting, collapse,  perhaps 
some  abdominal  tender- 
ness and  death. 

The  diagnosis  under 
these  circumstances  is 
based  upon  the  same 
considerations  as  those 
upon  which  we  make  our 
diagnosis  of  strangulated 
hernia  except  for  the 
absence  of  the  externally 
demonstrable  hernia. 
The  site  of  the  obstruc- 
tion   is    usually    to    be 


Fig.  366. — View  of  Same  Case  after  the  Stomach  had 

BEEN  Turned   Upward  and  the  Tranbverhe  Colon 

Removed  (Conner). 

Showing  the  greatly  distended  duodenum,  the  constrict- 
ing root  of  the  mesentery,  and  the  collapised  first  portion  of 
the  jejunum,  a.  Dilated  duodenum;  6,  root  of  the  mesen- 
tery; c,  collapsed  jejunum. 

determined     only 
opening  the  abdomen,  which  is,  of  course,  strongly  indicated. 


after 
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Volvulus  or  axial  rotation  is  the  twisting  or  turning  of  a  part  of 
the  bowel  about   its  axis,  obstruction  to  the  fecal  current  resulting. 


Fig.  367. — Anomalous  Course  of  th« 
First  Portion  of  Ascending  Colon 
(W.  Wayne  Babc<ick). 

Unusual  course  and  dilatation  of  the  omega 
loop.    Trilobed  stomach. 


Fig.  368.— The  Sigmoid  Loop  Touches 
THE  Lower  Border  of  the  Left 
Kidney  (W.  Wayne  Babcock). 

Enlarged  liver  with  marked  traosvene 
furrow. 


Fio.  369. — Exaggerated  V-shaped 
Course  of  the  Transverse  Colon 
(W.  Wayne  Babcock). 

The  liver  is  enlarged  from  a  fatty  infiltra- 
tion. 


Fio.  370. — ^The  Ileum  Passes  in  Front  op  the 
Root  of  the  Flexure  and  Emerges  behind 
thk  Root  of  the  Flexure  Toward  Right. 
Flexure  Shaded  (Wilms). 
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The  term  volvulus  is  also  used  to  designate  knotting  of  the  intestines. 
Rokitansky  classified  the  anatomic  possibilities  as  follows: 

1.  A  loop  may  undergo  occlusion  by  making  a  half  or  a  whole  turn 
about  its  longitudinal  axis. 

2.  The  entire  mesentery  or  a  section  of  it  may  rotate,  with  its  associ- 
ated bowel  loop,  a  half  or  several  times  about  its  axis.  This  results  in 
rotation  about  the  mesenteric  axis. 

3.  A  loop  of  bowel  with  its  mesentery  may  constitute  the  axis  about 
which  another  loop  with  its  mesentery  may  be  turned. 

The  sigmoid  flexure,  owing  to  the  peculiarities  of  its  attachments, 
is  the  part  by  far  the  most  frequently  affected  in  volvulus. 

Volvulus  occurs  more  frequently  in  men  than  in  women,  and  is  typically 
a  malady  of  the  later 
years  of  life,  being  rare 
before  the  fortieth  year. 
It  is  not  often  found  af- 
fecting the  small  intes- 
eine,  though  in  the  pres- 
ance  of  bands  and  other 
adhesions  it  has  been 
noted. 

Knotting  of  the  bow- 
els depends,  like  volvu- 
lus, upon  the  presence  of 
a  long  mesentery  with  a 
narrow  base,  giving  the 
two  loops  great  freedom 
of  movement. 

The  onset  of  the  symptoms  of  volvulus  is  sudden,  since  they  are  due 
to  strangulation,  and  often  follows  a  quick  and  violent  physical  effort. 
The  symptoms  are  then  those  of  acute  strangulative  obstruction — pain, 
vomiting,  absence  of  bowel  movements,  feculent  vomiting,  and  collapse 
followed  by  death. 

DIVERTICULA* 

Meckel's  Diverticulum.— Meckel's  diverticulum  was  first  accurately 
described  by  the  anatomist  of  that  name  in  1808  as  a  part  of  the  ductus 
mesentericus  which  had  not  undergone  the  usual  regressive  process. 
As  a  rule,  it  communicates  with  the  lumen  of  the  bowel,  sometimes  having 
a  sort  of  valve  at  its  outlet.  It  varies  in  length  from  2  to  25  cm.  and  is 
situated  from  4  cm.  to  4  meters  above  the  ileocecal  valve,  the  usual  site 
being  between  30  and  90  cm.  from  that  structure.  Subject  to  a  great 
variety  of  permutations  of  structure,  it  may  be  situated  upon  the  free 
border  of  the  bowel,  though  usually  the  opposite  is  the  case.  It  may 
have  a  broad  or  a  narrow  base,  may  end  blind  or  in  a  conical  projection, 
and  may  even  be  dilated  in  the  form  of  a  sac.  Remains  of  the  obliterated 
blood-vessels  may  cause  a  splitting  of  the  end  into  a  sort  of  terminal 
ligament.     Not  infrequently  it  forms  part  of  the  contents  of  a  hernial  sac. 


Fig.  371. — Knotting  of  the  Intestines  (WilmB). 
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Its  structure  corresponds  closely  to  that  of  the  intestinal  wall.  T 
frequency  with  which  this  diverticulum  occurs  is  from  1  to  2  per  cen 
the  greater  number  being  found  in  male  bodies. 

Various  morbid  anatomic  changes  occur  in  Meckel's  diverticula  a 
responding  to  its  normal  anatomic  structure.  The  analogy  of  the  diver 
culum  to  the  appendix  vermiformis  is  pronounced  and  is  to  be  follow 
in  the  diseases  of  the  two  structures.  Typhoid  ulcers,  catarrh,  and  p 
forative  or  gangrenous  inflammation  are  not  infrequently  noted. 

This  very  analogy  makes  it  practically  impossible  to  diagnostic! 
lesions  of  Meckel's  diverticulum,  and  they  can  be  diagnostically  suspect 
only  when  the  site  of  inflammation  is  near  the  umbilicus. 


Fio.  372. — Meckel's  Diverticulum  (Bunts). 

Where  Meckel's  diverticulum  is  responsible  for  an  intestinal  disti 
bance  elsewhere  il  is  better  to  remove  the  sac  by  excision  and  enter 
rhaphy. 

Diverticulitis. — Acute  diverticuHtis  is  a  term  applied  to  an  aci 
inflammation  of  both  congenital  and  acquired  diverticula^  the  font 
term  almost  always  referring  to  Meckel's  diverticulum  and  the  latter 
all  diverticula  arising  in  later  life  along  the  intestinal  canal. 

Inflammation  of  Acquired  Diverticula. — It  is  only  since  1899  tl 
this  subject  has  assumed  clinical  importance.  Previously,  acquii 
diverticula  were  looked  upon  as  pathologic^  curiosities.  Sidney  Joi 
(1858)  was  probably  the  first  to  draw  attention  to  their  pathologic  i 
portance.    He  described  a  case  of  intestino-vesical  fistula  which  he  believ 
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to  be  due  to  ulceration  of  a  sigmoid  diverticulum.  Loomis  (1877), 
Birch-Hirschfeld  (1887),  and  Biggs  (1894)  also  reported  cases.  Beer,  in 
1904,  classified  and  studied  our  knowledge  upon  the  subject,  while  the 
clinical  papers  of  Brewer  and  Mayo,  read  before  the  American  Surgical 
Association  in  1907,  fixed  it  as  a  surgical  entity  to  be  considered  in  dealing 
with  lesions  of  the  left  ihac  region.  We  now  have  records  of  about  thirty 
authentic  cases  available  for  study  and  many  more  in  which  the  diagnosis 
is  probable.  The  pathologic  lesions  are  much  more  common  than  the 
case  reports  in  the  past  would  indicate. 

Anatomy  and  Development  of  Acquired  Diverticula. — The  old 
classification  of  true  and  false  diverticula  should  be  abandoned.  We  now 
know  that  the  so-called  false  diverticula  may  be  provided  with  all  of  the 
coats  of  the  intestine,  as  is  the  case  with  the  congenital  or  so-called  true 
diverticula.  They  are  not  produced  by  a  protrusion  of  the  mucosa  between 
the  muscular  coats,  as  was  at  one  time  believed. 

Acquired  diverticula  are  found  in  the  small  intestine,  appendix,  colon, 
and  especially  the  sigmoid  flexure  and  rectum.  In  number  they  vary 
from  few  to  hundreds.  According  to  Gordinier  and  Sampson,  acquired 
diverticula  were  found  sixty-four  times  in  8132  autopsies  at  the  hospital 
of  the  city  of  Dresden  and  nineteen  times  out  of  2600  autopsies  at  Johns 
Hopkins  Hospital.  They  may  arise  from  any  part  of  the  surface.  In 
the  small  int^tine  they  are  more  often  found  near  the  mesenteric  attach- 
ment, while  in  the  large  intestine  there  is  no  site  of  predilection  as  to  the 
circumference.  They  are  rarely  larger  than  a  walnut  and  generally  are 
about  the  size  of  a  pea  or  chestnut.  They  may  be  only  microscopic  in 
size. 

Much  study  and  experimental  investigation  upon  cadavers  and  dogs 
has  been  carried  out  by  Klebs,  Heschl,  Hanan,  Good,  Chlumsky,  Graser, 
Beer  and  others  with  the  idea  of  determining  the  pathogenesis,  but  with- 
out definite  results.  It  is  probable  that  diverticula  arise  frequently  in 
relation  to  the  veins  and  their  sheaths,  especially  in  the  mesenteric  type. 
While  intra-intestinal  pressure  due  to  constipation  probably  has  something 
to  do  with  the  development  of  those  in  the  sigmoid,  it  is  also  probably 
true  that  there  is  some  underlying  loss  of  tone  in  the  muscular  wall  which 
favors  both  the  constipation  and  diverticula-formation. 

Pathology. — Diverticula  of  the  small  intestine  and  appendix  seldom 
give  rise  to  clinical  symptoms.  Almost  all  of  the  reported  cases  have  been 
connected  with  the  sigmoid.  The  atrophic  mucous  membrane  and  wall 
of  the  diverticulum  being  pressed  upon  by  hard  fecal  masses  become 
ulcerated,  and  either  rupture  of  the  wall  ensues  or  localized  inflammation 
develops.  These  two  processes  give  rise  to  two  distinct  clinical  pictures. 
Following  a  perforation  we  may  have  a  generahzed  peritonitis  or  an  absces^. 
The  latter,  if  untreated,  frequently  becomes  closely  adherent  to  the  bladder 
and  may  perforate  it.  The  localized  inflammation,  on  the  other  hand, 
gives  rise  to  marked  connective-tissue  growth,  secondary'  cicatricial  con- 
traction, and  consequent  stenosis  of  the  bowel.  Rotter  and  Mayo  have 
shown  that  these  stenoses  are  produced  by  chronic  inflammatory  processes 
in  the  deeper  layers  of  the  gut  wall  and  not  by  cicatricial  contraction 
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of  the  mucosa.  The  mesentery  also  is  frequently  thickened.  Thus  the 
differentiation  from  carcinoma  is  impossible  without  a  microscopic  ex- 
amination. To  this  latter  type  Wilson  (Mayo)  suggests  that  the  term 
peridiverticulitis  should  be  applied. 

Etiology. — The  majority  of  the  patients  are  over  fifty  years  of  age. 
They  are  frequently  obese  and  generally  give  a  history  of  constipation. 
Hardened  feces  probably  favor  the  ulceration. 

Sjonptoms. — Peridiverticulitis  gives  rise  to  all  the  symptoms  of 
stenosis  of  the  sigmoid,  associated  with  pain  in  the  left  side,  and  a  mass 
which  is  tender,  hard,  and  irregular.  The  patient  is  frequently  anemic 
and  has  lost  weight.    Thus  we  see  that  the  differential  diagnosis  from 


Fia.  373. — Hodenpyl'8  Specimen  op  Multiple  Acquired   Diverticula  of  the  Colon  (Sig- 
moid Flexure)  (Brewer). 


carcinoma  is  almost  impossible  without  exploratory  incision  and  micro- 
scopic examination.  These  cases  may  be  associated  with  fistulas  in- 
volving the  bladder  or  abscesses  in  the  mesentery. 

Diverticulitis  associated  with  rupture  may  be  followed  by  peritonitis, 
either  local  or  general,  and  consequently  gives  the  symptoms  and  signs 
of  these  conditions.  If  an  abscess  forms,  it  lies  in  the  left  inferior  quad- 
rant of  the  abdomen.  The  involvement  of  the  bladder  in  these  cases 
occurs  with  sufficient  frequency  to  cause  comment.  No  less  than  seven 
of  the  twenty-four  cases  mentioned  by  Beer  and  Mayo  had  a  fistula  con- 
necting the  gut  and  bladder. 

Differential  Diagnosis. — The  diagnosis  must  be  made  from  car- 
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cinoma,  actinomycosis,  tuberculous  peritonitis,  chronic  sigmoiditis,  left- 
sided  appendicitis,  and,  in  the  female,  adnexal  disease.  Preparation 
should  be  made  for  a  frozen  microscopic  section  in  any  suspected  case,, 
since  in  the  more  chronic  cases  the  diagnosis  may  be  impossible  without  it. 
Treatment. — Abscesses  should  be  drained  and  the  opening  in  the 
boy^-el  closed  at  the  time  of  operation,  if  possible.  If  the  bladder  is  in- 
volved, the  organs  should  be  separated  and  closed  after  the  usual  methods. 
If  the  stenosis  has  given  rise  to  intestinal  obstruction,  an  inguinal  colos- 
tomy may  be  indicated,  since  owing  to  the  age  of  the  patient  extensive 
operation  may  be  contraindicated.  It  is  probable  that  many  of  the  sup- 
posed carcinomata  that  have  been  treated  by  this  method,  permitting  the 
patient  to  remain  well  for  years,  were  really  cases  of  perisigmoiditis.  If 
the  patient  is  in  good  condition,  resection  of  the  bowel  may  be  done. 
Out  of  five  cases  in  which  a  resection  was  done  by  Mayo,  three  recovered- 


Fig.  374. — Peridiverticulitis  (W.  J.  Mayo,  Wilson,  and  Giffin). 
Sketch  of  diverticulum  with  inflammatory  deposit  in  subserosa.     (xi  diam.) 

It  IS  probable  that  as  the  condition  is  better  understood  this  mortality 
can  be  reduced;  if  not,  paUiative  operations  will  be  indicated,  such  as  an 
iiiguinal  colostomy  and  closure  of  the  distal  end. 
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Inflammation  of  Congenital  Diverticula.— As  has  already  been 
stated,  when  we  speak  of  congenital  diverticula  of  the  intestine  we 
generally  refer  to  Meckel's  diverticulum.  Cahier  has  recently  studied 
the  subject  and  classifies  the  diverticula  of  the  intestine  as  follows: 
(1)  Diverticulum  of  Meckel;  (2)  ancestral  diverticula;  (3)  diverticula 
by  inclusion;  (4)  false  diverticula. 

The  fourth  class  has  already  been  discussed.  The  differentiation  of 
the  other  three  types  is  made  by  Cahier  as  follows: 

1.  Diverticultun  of  Meckel. — These  are  single,  placed  at  the  lower 
end  of  the  small  intestine,  have  the  four  coats  of  the  intestine,  are  gener- 
ally greater  than  2  cm.  in  length  (Heresco  reports  one  25  cm.  long),  may 
have  a  direct  connection  with  the  umbilicus  or  neighboring  zone,  or  may 
be  united  indirectly  by  vascular  bands  with  the  mesentery,  intestine,  or 
umbilicus.  When  the  filum  terminale  which  unites  it  to  the  umbilicus 
is  absent,  the  remains  of  it  may  be  found  at  the  end  of  the  cul-de-sac. 

2.  Ancestral  Diverticula. — These  are  conical  or  cylindrical,  often 
shaped  like  the  finger  of  a  glove;  generally  lying  on  the  lower  half  of  the 
small  intestine,  but  sometimes  higher,  on  its  free  border.  The  length 
of  these  diverticula  is  variable;  not  less  than  2  cm.  While  generally  free, 
they  may  have  a  small  mesentery  or  may  present  acquired  adhesions  with 
the  abdominal  wall  or  other  viscera.  They  may  be  multiple  and  they 
have  no  filum  terminale.  These  are  developmental  anomalies  of  an  an- 
cestral nature  analogous  to  the  appendages  which  one  finds  in  many 
animals,  as  rabbits,  cats,  and  birds,  being  produced  by  a  sort  of  budding 
process  like  that  which  gives  rise  to  the  cecum  and  appendix. 

3.  The  Inclusion  Diverticula  (Diverticules  £nter5eides  par 
Inclusion). — These  are  rare,  and  are  found  in  the  lower  end  of  the  ileum. 
They  are  about  the  size  of  an  almond  or  walnut,  with  a  pedicle  of  moderate 
length,  which  may  be  entirely  absent.  It  occupies  the  free  border  of  the 
intestine  and  lacks  a  filum  terminale.  This  should  be  regarded  more  as 
a  subserous  cyst,  probably  related  to  the  vitelline  duct,  lying  in  the  wall 
of  the  gut.  In  Tiedmann's  case  there  was  only  a  small  opening  into  the 
bowel,  through  which  a  probe  could  be  passed.  These  two  latter  types, 
and  others  which  have  been  suggested  by  other  authors,  cannot  as  yet 
be  considered  as  fully  accepted.  For  clinical  purposes  all  congenital 
diverticula  can  be  considered  under  the  same  heading  with  Meckel's. 

Development  of  Meckel's  Diverticultun. — The  malformation  known 
as  Meckel's  diverticulum  was  first  described  by  Ruysch.  Meckel  was  first 
to  explain  its  origin  from  the  vitelline  duct  and  call  attention  to  its 
presence  as  a  frequent  cause  of  disease.  It  is  present  in  from  1  to  2  per 
cent,  of  all  bodies.     Richter  discusses  its  development  as  follows: 

*'  With  the  closing  in  of  the  abdominal  plates,  the  connection  between 
the  vitelline  sac  and  the  cavity  of  the  primitive  intestine  becomes  reduced 
to  a  tubular  structure,  the  vitelline  duct,  continuous  at  one  end  ^ith  the 
convexity  of  the  U-shaped  primitive  gut,  at  the  other  with  the  vitelline 
sac.  The  structure  of  the  wall  of  the  duct  is,  of  course,  identical  with  that 
of  the  wall  of  the  primitive  intestine.  During  the  further  evolutionar>' 
changes  the  duct,  during  the  second  month,  becomes  reduced  to  a  mere 
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;hread,  with  finally  a  complete  solution  of  continuity  between  vitelline 
;ac  and  gut.  No  traces  of  duct  are  present  in  the  bowel-wall  of  fetuses 
)f  four  to  six  months  or  in  the  cord  by  the  end  of  the  sixth  month.  Cell 
jxoups  found  in  the  cord  at  term,  and  believed  by  Ahlfeld  to  be  the  vitelline 
■emains,  are  considered  allantoic  remains  by  Minot. 

*' Accompanying  the  duct  are  its  vessels,  the  arteries  arising  in  the 
primitive  aorta  and  passing  along  the  duct  to  the  vesicle,  the  veins  retum- 
ng  to  empty  into  the  mesenteric  vein.  Retrogressive  changes  in  duct 
ind  vessels  should  be  synchronous. 

"  The  primitive  gut  is  first  an  intra-abdominal  organ.  Traction  by  the 
atelline  duct  results  in  a  hernia  of  the  gut  into  the  base  of  the  cord,  begin- 
ling  at  the  end  of  the  first  month,  reaching  its  maximum  toward  the  end 
3f  the  second  month — fifty-third  day  (Minot) — when,  with  the  giving 
ft'ay  of  the  duct,  gradual  reduction  of  the  hernia  and  complete  closing  in  of 
the  ventral  plates  take  place.  During  the  further  development  of  the 
L'-shaped  primitive  gut  the  relative  growth  of  the  two  legs  is  such  that  the 
insertion  of  the  duct  is  in  the  lower  portion  of  what  becomes  the  ileum, 
Rith.  however,  so  much  variability  in  exceptional  cases  as  to  be  placed 
at  almost  any  part  of  the  small  intestine,  from  the  lower  end  of  the  duo- 
ienum  to  its  cecal  end. 

"Deviations  from  the  normal  in  the  evolution  of  the  vitelline  duct 
result  in  malformations  that  may  be  grouped  in  two  quite  different  types 
of  congenital  malformation:  (1)  that  represented  by  congenital  diver- 
ticula and  their  remains,  congenital  bands,  etc.;  and  (2)  that  represented 
by  congenital  hernia  into  the  cord." 

Besides  the  pathologic  processes,  such  as  obstruction  due  to  the  filum 
terminale  looping  about  a  bowel,  etc.,  and  strangulation  in  a  hernial  ring 
and  intussusception,  the  diverticulum  is  subject  to  inflammation  arising 
from  various  causes  within  itself,  presenting  a  clinical  entity  to  which  has 
been  given  the  name  of  diverticulitis. 

Porter  has  collected  and  classified  one  hundred  and  eighty-four  cases 
in  which  the  diverticulum  was  the  cause  of  severe  intestinal  symptoms, 
and  the  relative  proportion  of  diverticulitis  to  other  conditions  is  shown 
by  the  following  table: 

Obstruction  in  a  hernia 21  cases 

Obstruction  by  band 101  " 

Volvulus 8  " 

Intussusception 20  " 

Patent  at  umbilicus 5  " 

Diverticulitis 17  " 

Perforation  in  typhoid 5  " 

Tubercular  ulceration 2  " 

Prolapse  of  bowel 2  " 

Pelvic  tumor 1  " 

Rupture  of  diverticulum  causing  obstruction  from  pressure  of 

abscess 1  " 

Males 100        Females 3p 

Average  age,  twenty-one. 

Historical. — Korte,  in  1894,  classified  the  symptoms  of  diverticulitis. 
At  an  earlier  date,  however,  Richa,  a  surgeon  of  Turin  (1721),  noted  after 
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death  the  presence  of  the  diverticulum  in  certain  cases  which  had  complained 
of  colic  during  life.  Duvignand  (1786)  made  the  same  observation. 
Rayer  (1824)  recognized  at  necropsy  an  inflamed  and  gangrenous  appendix 
on  the  ileum  of  a  patient  who  had  suffered  from  gastro-intestinal  coUc,  and 
Denuc^,  in  1851,  observed  a  perforation  of  the  diverticulum  produced  by 
a  cherry-pit. 

Etiology. — Cahier  has  studied  thirty-five  cases,  and  of  these,  sixteen 
occurred  in  men  of  from  twenty  to  fifty-eight  years  of  age,  three  in  youths 
of  eighteen  years,  ten  in  infants,  and  six  in  women  from  twenty  to  forty 
years  of  age.  Digestive  disorders  are  often  mentioned  in  the  preceding 
history.  The  perforation  of  the  diverticulum  through  a  typhoid  ulcer 
has  been  reported  in  at  least  six  cases;  that  is,  one-sixth  of  the  reported 
cases  of  diverticulitis — a  proportion  worth  noting.  In  two  cases  a  per- 
foration due  to  tubercular  ulceration  was  found.  We  should  note  also 
that  the  fixation  of  the  one  end  by  either  congenital  or  acquired  adhesions 
favors  the  production  of  a  torsion  which  may  lead  to  gangrene  of  the 
diverticulum  or  obstruction  of  the  bowel  due  to  inflammation  or  kinking. 
Watkins,  in  1893,  reported  a  gangrenous  and  perforated  diverticulum  due 
to  torsion.  It  should  be  noted  also  that  the  ^dde-open  mouth  with  a  long 
diverticulum  favors  the  lodgment  of  feces,  giving  rise  to  coproliths,  and 
the  retention  of  foreign  bodies  which  may  enter.  These  have  been  found 
in  nine  cases — twice  apple-seeds,  four  times  cherry-stones,  three  times 
coproliths.  Twice  sharp  particles  like  pieces  of  fish-bone  have  caused 
perforation  and  abscess.  Holbeck  noted  ascarides  in  an  abscess  and 
Escher  found  small  intestinal  worms  in  another  case.  Trauma  may  also 
be  a  factor,  since  we  are  dealing  with  an  organ  which  may  be  filled  with 
no  outlet  at  one  end,  hence  favoring  rupture  on  an  increase  of  pressure. 
This  danger  is  accentuated,  since  it  is  frequently  fixed  to  the  umbilicus  or 
other  structures  at  one  end. 

Pathology. — The  morbid  anatomy  varies  with  the  etiologic  factor, 
whether  it  be  a  perforation,  torsion  with  gangrene,  or  other  associated  con- 
ditions. The  organ  undergoes  the  changes  incident  to  like  inflammation 
in  other  parts,  and  a  description  of  the  folliculitis,  perifolliculitis,  round- 
celled  inflammation  ending  in  regression,  gangrene,  plastic  adhesion  to 
other  organs,  or  generalized  peritonitis  is  unnecessary.  The  perforation 
frequently  is  found  on  the  apex  of  the  diverticulum.  In  the  chronic  cases 
adhesions  to  any  organ  may  be  present,  but  they  are  frequently  found  in 
the  right  iliac  fossa.  Several  cases  are  reported  of  strangulation  in  her- 
nial sac.  Richter  has  reported  a  unique  case  in  which  there  was  a  diver- 
ticulitis in  an  inguinal  hernia  without  any  evidence  of  strangulation  by  the 
ring. 

Sjrmptomatology. — An  accurate  classification  of  the  various  types 
is  impossible.  Clinically,  however,  we  may  divide  the  cases  into:  (1) 
Fulminating,  (a)  without  previous  history,  (6)  with  previous  history; 
(2)  subacute;   (3)  chronic. 

The  fulminating  type  comes  on  suddenly,  like  any  acute  abdominal 
crisis,  and  early  it  is  impossible  to  diagnosticate  it  from  similar  lesions. 
A  torsion  of  the  diverticulum  gives  the  history,  symptoms,  and  signs  of 
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an  acute  appendicitis,  not  located,  however,  at  the  proper  site.  To 
this  picture  is  soon  added  those  of  intestinal  obstruction,  either  from 
twisting  or  kinking  of  the  gut  or  a  paralytic  ileus.  If  a  perforation  be 
present,  we  have  the  pain,  tenderness,  collapse,  and  the  succeeding  signs 
of  peritonitis  characteristic  of  that  lesion  elsewhere.  Frequently  there  is 
a  history  of  previous  attacks,  as  will  be  discussed  under  the  chronic 
type. 

The  Subacute  Type. — At  times  we  meet  cases  in  which  there  has  been 
a  history  of  a  distinct  attack  such  as  we  have  already  mentioned.  Instead 
of  leading  to  a  generalized  peritonitis,  however,  the  process  may  end  in  a 
localized  infection  about  the  diverticulum,  presenting  either  abscess  form- 
ation or  plastic  adhesions.  More  or  less  tenderness  is  present  for  some 
time,  associated  with  gastro-intestinal  symptoms,  just  as  in  a  subacute 
appendicitis.  The  abscess  ruptures  into  the  intestine  or,  as  in  one  case 
reported,  into  the  bladder.  The  adhesions  remain  either  temporarily  or 
permanently  and  may  give  rise  to  intestinal  obstruction  in  various  ways. 

The  Chronic  Type. — In  about  a  fourth  of  the  cases  reported  the 
patients  had  complained  of  previous  gastro-intestinal  symptoms,  often 
constipation  and  indefinite  pains  in  the  right  paraumbilical  region.  This 
picture  is  made  complete  by  intermittent  attacks  of  acuter  pains  and 
tenderness  corresponding  with  exacerbations  of  the  local  inflammation 
and  paralytic  ileus,  or  temporary  strangulation  of  the  diverticulum. 
The  patients  of  Cahier,  Galeazzi,  Italo  Antonetti,  Jackson,  and  Hilgen- 
reiner  showed  two,  three,  and  more  such  typical  exacerbations  before 
the  final  fulminating  attack. 

Prognosis. — Owing  to  the  fact  that  up  to  the  present  time  no  cases 
have  been  operated  upon  except  in  the  presence  of  the  acute  attack, 
the  mortality  has  been  high — eleven  out  of  twenty-three  cases  died.  With 
a  better  understanding  of  the  conditions  and  with  earlier  diagnosis  and 
operation,  the  mortahty  should  be  lessened. 

Diagnosis. — The  diverticuUtis  is  most  often  mistaken  for  appendicitis 
and  intestinal  obstruction.  The  differentiation  is  most  difficult.  The 
signs  which  should  attract  the  attention  of  the  surgeon  are:  (1)  the  local- 
ization of  the  tenderness  above  and  inside  of  McBumey's  point,  or  even 
in  the  median  line  below  the  umbilicus;  (2)  rigidity  in  the  same  region; 
(3)  the  presence  of  blood  in  the  stools,  often  only  found  on  microscopic 
examination;  (4)  the  existence  of  an  umbilical  fistula  or  other  congenital 
malformations.  These  signs  are  not  at  all  definite  and  might  easily  be 
present  in  inflammation  of  an  aberrant  appendix.  Between  an  intestinal 
obstruction  and  an  inflamed  diverticulum  the  diagnosis  is  difficult.  On 
the  one  hand,  we  have  the  evidences  of  obstruction  most  marked;  and,  on 
the  other,  those  of  intra-abdominal  inflammation,  with  the  localized 
tenderness,  temperature  elevation,  and  rigidity. 

Treatment. — The  treatment  is  that  of  any  severe  intra-abdominal 
inflanmiation,  the  complications  being  dealt  with  by  removal  of  the  di- 
verticulum, the  production  of  a  fecal  fistula,  and  the  drainage  of  a  localized 
abscess  or  treatment  of  a  generalized  peritonitis  as  the  condition  may 
demand.    The  removal  of  the  diverticulum  should  be  done  by  the  usual 
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methods  of  intestinal  suturing.  Manchalrie  has  suggested  invaginating 
it,  but  the  danger  of  a  sequential  intussusception  is  much  increased  by 
this  procedure. 

INTESTINAL  FISTULA- 

An  artificial  opening  through  the  skin  and  the  intestines  so  that  the 
intestinal  opening  coramunciates  with  or  directly  joins  the  skin  opening 
may  be  intentionally  produced  or  be  of  accidental  origin. 

Those  produced  intentionally,  as  a  rule,  are  so  made  that  subsequent 
efforts  to  close  them  can  be  carried  out  with  ease  and  precision.  Senn^ 
has  classified  accidental  fistulas  as  produced  by  gunshot  and  stab  wounds 
of  the  abdomen,  subcutaneous  injuries,  ulcerations,  strangulations, 
intestinal  foreign  bodies,  malignant  tumors,  intestinal  actinomycosis, 
abscesses,  appendicitis,  accidental  operative  injuries,  ligatures,  sutures, 
and  drainage-tubes. 

All  of  these  etiologic  factors  can  result  in  the  formation  of  these 
fistulas,  provided  the  intestine  becomes  adherent  to  the  abdominal  wall 
by  plastic  inflammation  before  a  general  peritonitis  takes  place  with  a 
fatal  result,  and  provided  also  that  the  requisite  openings  in  bowel  w^all 
and  skin  are  produced  by  ulceration  or  by  trauma. 

The  morbid  anatomy  of  these  lesions  is  of  considerable  impor- 
tance from  the  point  of  view  of  treatment. 

At  the  outset  granulations,  as  a  rule,  line  the  tract  from  the  level  of 
the  skin  to  the  mucous  membrane  of  the  bowel,  while  later,  as  a  rule, 
the  two  epithelial  surfaces  may  have  been  rendered  continuous  by  pro- 
liferation of  the  epithelium  in  both  directions.  Moreover,  the  element 
of  obstruction  at  or  below  the  artificial  opening  is  of  great  importance. 
If  the  bowel  is  drawn  up  to  the  abdominal  wall  sharply  and  from  a  con- 
siderable depth,  a  bend  or  flexure  must  occur,  making  it  necessar>'  for 
the  fecal  current  to  pass  around  a  sharp  comer  or  spur,  favoring  the  extru- 
sion of  gas  and  fluid  by  the  artificial  rather  than  by  the  natural  passage. 

A  so-called  spur  may  be  produced  when  both  afferent  and  efferent 
limbs  of  the  coil  involved  are  brought  up  into  a  wound,  and  w-here  the 
mesenteric  part  of  the  bowel  becomes  adherent  to  the  peritoneum  or 
other  structure  of  the  abdominal  wall.  In  this  case  it  is  necessar}^  that 
the  fecal  matter  shall  first  pass  out  upon  the  skin. 

A  third  class  of  obstructions  are  those  that  lie  below  an  artificial  anus 
or  fistula,  and  these  may,  of  course,  be  of  any  imaginable  origin. 

Treatment. — Fistulas  of  the  intestine  upon  the  skin  are  almost 
always  amenable  to  very  simple  treatment.  Cauterization  of  the  tract, 
where  epitheUum  has  not  formed,  may  be  effect-ed  by  the  use  of  chemicals, 
such  as  silver  nitrate.  The  actual  caut-ery  may  be  required  if  epithelium 
has  formed.  The  chances  of  success  are  greatest  where  no  epithelium 
lines  the  tract  and  where  the  artificial  tube  is  long  and  narrow. 

If  a  mechanical  obstruction  exists,  it  is  often  necessary  to  relieve  the 
impediment  to  the  fecal  circulation.  A  flexion  or  spur  may  be  treated 
by  the  old  enterotome  of  Dupuytren  or  its  modified  and  improved  form 
as  given  us  by  Blasius.     Tliis  instrument  has  for  its  purpose  the  forma- 
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tion  of  adhesions  between  parts  of  the  bowels  not  previously  agglutinated, 
but  which  nevertheless  form  part  of  the  coil  in  question ;  and,  in  the  second 
place,  the  destruction  of  so  much  of  the  walls  of  the  bowel  as  will  enable 
the  feces  to  pass  by  a  deeper  and  more  direct  route  from  above  downward. 
The  uncertainties  and  dangers  of  the  instrument  in  application  to  these 
cases  are  obvious. 

It  is  far  better  under  most  conditions  to  resort  to  a  plastic  operation 


Fia.  375. — Ddputtren's  Enterotome. 


for  the  closure  of  the  opening.  Attempts  may  be  made  to  close  the  fistula 
by  suturing  the  intestinal  wall  without  opening  the  peritoneal  cavities. 
These  attempts,  however,  are  as  a  rule  unsuccessful,  on  account  of  the 
presence  of  so  much  infectious  matter.  The  stitches  slough  out,  the 
pressure  of  intestinal  contents  overcomes  the  resistance  of  the  weak, 
new  connective  tissue,  and  the  fistula  is  re-established. 

Intestinal  anastomosis  with 
the  exclusion  of  the  part  in- 
volved may  be  employed,  but 
only  in  extraordinary  cases, 
w^here  simpler,  more  direct 
methods  are  applicable. 

Resection  of  the  bowel  with 
re-estabUshment  of  its  contin- 
uity after  opening  the  free 
peritoneal  cavity  must  in  fu- 
ture be  Umited  to  very  excep- 
tional cases. 

We  agree  with  Senn  that 
the  method  suggested  by  him 
will  obviate  the  necessity  of 
resorting  to  these  graver  pro- 
cedures except  in  the  most  ex- 
traordinary cases. 

The  procedure  of  preliminary  transverse  suturing  can  readily  be 
understood  from  a  reference  to  the  illustrations.  Only  so  much  of  the 
edge  of  the  bow^el  opening  is  loosened  as  will  permit  the  operator  to  apply 
a  strong  layer  of  transverse  sutures  in  such  a  manner  that  the  contents 
of  the  bowel  may  not  flood  the  field  of  operations.  The  abdominal 
cavity  may  then  be  opened  after  careful  cleansing,  the  bowel  thoroughly 


Fig.  376. — Treatment  of  Artificial  Anus  by  Dc- 
puytren's  (^lamp  (after  Ksmarch). 


Enterotome  applied;    6,   the  npi 
bowel  after  removal  ol  s 


>ur  in  section; 
spur. 
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detached  from  the  abdominal  wall,  and  the  additional  sutures  buried  by 
successive  layers  of  Lembert  stitches.  Should  it  be  difficult  to  obtain 
good  surfaces  of  peritoneum  with  which  to  cover  the  line  of  sutures,  it 
would  be  admissible  to  use  a  part  of  the  omentum  or  portions  of  the 
parietal  peritoneum,  depending  upon  the  location  of  the  fistula. 

INTESTINAL  CYSTS. 

Among  the  rarer  intestinal  tumefactions  are  the  intestinal  cysts. 
They  are  for  the  most  part  congenital  in  the  small  intestine,  w^hile  in  the 


Fio.  377. — Intestinal  Ctbt  (Gfeller). 


Fig.  378. — Longitudinal  Section    of  Intestinal  Cyst  (Schematic)  (Gfeller). 

e,  Lumen  of  cyst;  d,  lumen  of  intestine;  «,  serosa:   Im,  longitudinal  muscular  layer;  qm,  circular 

muscular  layer;  im,  inner  muscular  layer;  e,  epithelial  coat  of  cyst;  m,  intestinal  mucosa. 


large  intestine,  as  a  rule,  they  are  acquired  foUomng  an  inflammator>' 
process  in  the  mucosa,  as,  for  example,  in  dysentery. 

Gfeller  has  given  especial  attention  to  the  congenital  cysts,  which 
in  the  majority  of  cases  take  origin  in  persistent  relics  of  the  irregulariy 
obliterated  ductus  omphalomesentericus,  whether  this  be  by  the  separa- 
tion of  a  part  of  the  intestinal  tube  anlage  or  by  germinal  displacement. 
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Corresponding  to  this  varied  anatomic  origin  it  is  easy  to  see  that  the 
walls  and  contents  of  these  cysts  may  vary  within  wide  limits.  We  may 
have  all  the  appearance  of  a  dermoid,  on  the  one  hand,  or,  on  the  other 
hand,  simply  thin-walled  mucus-containing  sacs. 

The  diagnosis  was  not  made  in  any  of  the  observed  and  recorded 
cases,  since  these  cysts  do  not  present  any  characteristic  cUnical  symptoms. 
Nevertheless  it  is  true  that  irregularly  recurring  attacks  of  partial  intes- 
tinal occlusions  are  known  sometimes  to  have  occurred,  and  these  may 
suggest  such  a  congenital  anomaly  as  that  in  question. 

The  prognosis  is  not  unfavorable  except  where  the  continuity  of  the 
bowel  is  impaired. 

Treatment. — The  treatment  can  only  be  by  removal.  A  subserous 
cyst,  of  course,  could  be  enucleated.  If  the  cyst  is  intramuscular,  as 
was  the  case  in  the  instance  observed  by  Gfeller,  an  enucleation  may 
still  be  practised,  though  great  care  must  be  taken  to  apply  Lembert 
sutures  appropriately. 

ADENOMATA. 

Polypoid  adenomata  in  the  intestinal  tract  are  relatively  rare.  They 
occur,  however,  in  groups  at  any  point  from  the  stomach  to  the  lowest 
limits  of  the  bowels. 

The  clinical  phenomena  to  which  they  give  rise  are  variable, 
depending  upon  the  size  of  the  adenoma  and  the  point  of  its  location. 
In  many  cases  no  symptoms  are  present.  In  the  small  intestine  even 
large  adenomata  may  give  rise  to  no  signs  owing  to  the  thinness  of  the 
intestinal  contents. 

Severe  hemorrhages  may  occur,  however,  and  where  sufficient  size 
has  been  attained  partial  stenosis  may  take  place.  It  is  also  well  known 
that  intestinal  polypi  may  favor  intussusception.  In  some  instances 
a  tumor  may  be  found  upon  palpation,  showing  an  extraordinary  mo- 
biUty.  In  the  large  intestine  it  may  be  possible  to  palpate  the  tumor 
directly  by  the  introduction  of  the  finger  into  the  intestine.  Multiple 
polypi  may  be  thought  of  when  there  is  continuous  discharge  of  blood 
and  mucus  without  the  ordinary  causes  for  such  a  discharge  being  avail- 
able for  its  explanation.    The  disease  is  verj'  chronic. 

The  prognosis  is  variable  according  to  the  nature  of  the  case. 
General  rules  cannot  be  given.  The  best  prognosis  is  given  by  those 
cases  in  which  the  polypus  is  solitary,  especially  if  operative  treatment 
can  be  adopted.    The  only  satisfactory  treatment  is  by  excision. 


RUPTURE  AND  CONTUSION  OF  THE  INTESTINES. 

Pathogenesis. — The  study  of  the  pathogenesis  of  rupture  of  the 
intestine  is  of  great  importance  from  a  diagnostic  standpoint.  Before 
1875  surgeons  held  that  when  traumatism  occurred  increased  intra- 
intestinal  pressure  was  the  most  frequent  cause  of  rupture,  but  in  that 
year  Von  Longuet  showed  by  experiments  that  the  crushing  of  the  bowel 
at  the  moment  of  the  shock  was  the  most  common  factor. 
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Moty  has  suggested  three  forms  of  rupture:  (1)  the  crushing  (icrase- 
ment),  (2)  the  tearing  (dechirure)  ^  (3)  the  bursting  {(clatement).  The 
classification  is  most  satisfactory.  The  largest  niunber  of  cases  fall  under 
the  first  heading.  The  patient  gives  a  history  of  having  received  a  sudden 
blow  in  the  abdomen.  It  is  not  necessary  that  the  blow  should  be  very 
severe,  since  all  kinds  of  bodies  have  been  known  to  inflict  the  injur}',  from 
the  blow  of  a  fist  to  more  severe  injuries.  The  injurj^  may  also  be  received 
by  the  patient  moving  against  a  fixed  body.  Vos\vinckers  cases  received 
their  injuries  as  follows:  run  over,  two;  horse  kick,  two;  struck  by  tongue 
of  wagon,  four;  caught  between  two  wagons,  two;  fall,  three;  struck 
against  corner,  one.  Ten  times  the  patient  was  struck  by  the  object  and 
four  times  the  patient  was  the  moving  body. 

There  is  a  difference  of  opinion  between  civil  and  military  surgeons 
as  to  the  frequency  of  rupture  following  horse  kicks.  Moty,  Cahier,  and 
Peck  maintain  that  only  about  one-seventh  of  the  patients  kicked  suffer 
from  rupture,  while  surgeons  in  civil  life  find  the  proportion  much  higher, 
due  doubtless  to  the  fact  that  only  those  suffering  severely  consult  the 
surgeon,  while  in  the  army  every  injury  is  recorded.  An  injury  which 
is  very  constantly  followed  by  rupture  is  that  produced  by  boards  thrown 
violently  against  the  abdomen  while  being  cut  in  saw-mills. 

In  Lund's  nineteen  cases  the  most  frequent  causes  were,  in  order  of 
frequency:  (1)  blows  on  abdomen  by  some  thrown  body;  (2)  blows  on 
hernia;  (3)  horse  kick ;   (4)  falls. 

The  essential  relation  in  the  crushing  type  of  injury  is  that  the  bowel 
is  caught  between  the  moving  body,  e.  g.,  hoof  of  the  horse,  and  a  fixed 
portion  of  the  body,  e.  g.y  the  spinal  column.  It  follows,  then,  that  the 
blow  must  be  sudden,  so  that  the  intestines  will  lack  the  protection  which 
would  normally  be  provided  by  the  rigid  abdominal  wall.  Eichel  has 
demonstrated  this  fact  by  a  series  of  experiments  on  dogs.  In  the  first 
series,  after  having  anesthetized  the  dog,  he  made  the  muscles  rigid  by 
extending  the  legs  and  was  not  able  to  produce  a  rupture  by  striking  the 
dog  on  the  abdomen.  In  the  second  series  he  overfed  the  dogs  for  two 
days  and  carried  out  the  experiments  under  the  same  conditions  as  above, 
again  with  negative  results.  In  the  third  series  the  hind  legs  were  loosened 
so  the  abdominal  wall  was  relaxed  and  rupture  was  frequently  produced. 
It  has  been  shown  repeatedly  that  lean  people  with  the  intestines  distended 
by  food  are  more  liable  to  rupture  than  others. 

The  part  of  the  abdomen  struck  and  the  direction  of  the  blow  are  also 
of  considerable  importance  in  making  a  diagnosis  as  to  whether  or  not  a 
gut  is  ruptured.  Most  surgeons  believe  that  the  region  just  below  the 
umbilicus  is  the  most  dangerous  zone.  Moty,  however,  maintained  that 
an  area  of  about  one-seventh  of  the  anterior  abdominal  wall  on  a  level 
with  and  just  above  the  umbilicus  was  the  zone  of  greatest  danger.  In 
this  he  is  supported  by  Cahier,  who  has  also  studied  the  effect  of  the 
direction  of  the  blow.  A  blow  going  directly  back  or  one  going  obliquely 
from  without,  inward  and  downward,  \\ill  crush  the  intestine  between 
the  moving  body  and  the  vertebral  column,  while  one  striking  the  median 
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line  going  down  and  out  would  be  likely  to  injure  the  colon,  but  not  the 
small  intestine. 

The  second  manner  of  injury  is  that  in  which  the  gut  is  torn  from  the 
fixed  point.  This  occurs  in  patients  who  fall,  not  striking  the  abdomen 
but  some  other  part  of  the  body.  The  descent  of  the  body  as  a  whole  is 
stopped,  but  the  intestines  continue  to  fall  and  are  thus  torn  loose.  Three 
factors  are  probably  necessary  for  this  injury:  first,  the  abdominal  walls 
must  be  relaxed;  second,  the  gut  must  be  loaded  with  heavy  contents; 
third,  the  mesenteric  attachment  must  be  longer  than  its  point  of  fixation. 
E.  J.  Senn  reports  such  a  case  in  a  patient  who  slipped  while  walking  and 
fell  on  his  buttocks.  Again,  this  injury  may  occur  in  falls  or  blows 
in  which  the  abdomen  is  struck  in  an  oblique  direction;  the  glancing  blow 
catching  the  intestine,  tears  it  off  at  a  fixed  point.  These  points  are  most 
commonly  at  the  beginning  of  the  jejunum,  the  end  of  the  ileuna,  and  the 
sigmoid  flexure  at  its  junction  with  the  colon. 

The  manner  of  rupture  in  the  third  class  of  cases  where  the  lesion 
arises  as  a  result  of  bursting  from  intra-abdominal  pressure  is  not  fully 
understood.  Why  we  should  have  one  part  of  an  intestinal  wall  ruptured 
when  there  is  the  same  force  exerted  on  every  side  is  hard  to  explain.  It 
has  been  suggested  (Petry,  Sauerbruch)  that  it  may  occur  as  a  result  of 
closure  of  one  or  both  ends  of  a  loop,  as  by  kinking,  adhesions,  tumor 
growth,  or  even  the  pressure  of  the  moving  body  closing  both  ends  when  the 
legs  of  the  loop  lie  side  b}-  side.  The  striking  body  then  closes  the  other 
end  and  suddenly  increases  the  tension  in  this  loop.  Again,  it  is  suggested 
that  the  overdistended  loop,  holding  the  mesentery  taut,  is  suddenly 
struck  by  the  moving  body  in  a  centrifugal  direction,  thus  tearing  the 
loop  away  from  its  mesentery.  .  Bunge  suggests  that  the  rupture  occurs 
at  the  site  of  hernial  rings  and  weak  spots  in  the  abdominal  wall,  as 
internal  hernial  rings,  inguinal  hernia,  openings  through  the  diaphragm,  the 
rectal  opening  in  the  pelvis  between  the  levator  ani  muscles,  between  the 
ileo-coccygeus  and  pubo-coccygeus  (Li'icker),  between  the  ileo-coccygeus 
and  coccygeus  (Waldeyer).  At  these  sites,  the  supix)rt  of  the  wall  being 
absent,  all  the  intra-abdominal  force  would  be  exerted.  There  may  be 
diverticula  or  ulceration  in  the  wall  of  the  gut  favoring  rupture. 

Pathology. — Jalaguier,  basing  his  claims  on  three  hundred  and  forty- 
five  cases,  states  that  injury  to  the  bowel  occurs  in  one-eleventh  of  all 
cfises  of  abdominal  injury.  Since  the  most  frequent  cause  of  rupture  is 
that  in  which  the  gut  is  caught  l)etween  the  moving  body  and  the  spinal 
column,  it  follows  that  the  ileum  should  be  the  part  most  often  injured. 
In  Lund's  nineteen  cases,  eighteen  were  in  the  small  intestine  and  one  in 
the  large;  Voswinckel,  fourteen  cases — one  in  stomach,  two  duodenum, 
ten  small  intestine,  and  one  in  the  large  intestine;  Chavasse,  one  hundred 
and  forty  cases — ileum  and  jejunum  one  hundred  and  six  cases,  duodenum 
seven,  large  intestine  nineteen,  large  and  small  intestine  seven,  rectum 
one.  In  Curtis'  collection  of  one  hundred  and  thirteen  cases,  only  four 
had  injury  to  large  bowel.  We  thus  see  that  the  large  intestine  is  seldom 
injured.  The  infrequency  of  injury  to  the  duodenum  is  also  noteworthy. 
When  tears  occur  here,  they  may  be  retroperitoneal,  however,  and  be 
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discovered  only  at  post-mortem.  As  has  been  mentioned,  rupture  from 
tearing  most  often  occurs  at  the  duodenojejunal  junction.  It  is  here  that 
we  find  the  cases  of  complete  severance  of  the  intestinal  tube.  Frequently, 
in  addition  to  this,  the  mesentery  is  torn  from  the  gut,  so  that  the  tube 
may  be  found  free  from  any  attachment  for  several  inches.  This  same 
condition  occurs  to  a  less  degree  at  the  ileocecal  and  sigmoidorectal 
junctions.  In  the  crushing  injuries  the  wound  may  be  small  or  large, 
is  frequently  irregular,  but  may  be  a  straight  wound,  while  in  the  bursting 
type  the  wound  is  generally  round,  as  would  be  expected.  The  mucous 
membrane  rolls  out  so  as  to  nearly  close  the  opening  in  the  smaller  wounds. 
This  partial  closure  is  aided  by  the  contraction  of  the  circular  fibers  of  the 
gut  above  and  below  the  wound,  so  that  while  the  mechanical  protection  is 
not  so  great  as  in  gunshot  and  stab  wounds,  it  is  often  remarkable  how 
little  feces  may  escape  even  in  severe  injuries. 

Multiple  injuries  are  reported,  but  they  are  not  frequent.  In  cases  of 
injury  from  kick  of  a  horse,  the  double  injury  has  been  attributed  to  the 
projections  on  the  horse's  shoe.  Again,  it  has  been  claimed  that  one  of  the 
injuries  occurred  from  bursting  due  to  closure  of  both  ends  of  the  loop  and 
pressure,  and  that  the  other  is  due  to  crushing.  Yet  another  explanation 
is  that  two  loops  were  caught  at  the  same  time,  either  parallel  or  super- 
imposed. 

Contusion  of  the  bowel  wall  may  occur  without  a  rupture  or  we  may 
have  a  separation  of  one  or  more  coats.  In  the  case  of  contusion  there  may 
be  a  considerable  accumulation  of  blood  beneath  the  mucosa,  giving  rise 
to  hemorrhage  into  the  bowel  and  at  times  to  an  extensive  slough  of 
mucous  membrane.  It  is  said  that  there  is  never  a  severe  hemorrhage  into 
the  bowel  in  case  of  complete  rupture,  and  this  seems  reasonable.  There 
may  be  only  a  slight  ecchymosis.  Jobert  reports  a  case  in  which  there 
were  ecchymotic  areas  on  the  bowel  and  a  rupture  of  the  longitudinal 
fibers.  Poland  reports  two  similar  cases.  Owing  to  these  contusions 
as  well  as  injuries  to  the  mesentery,  perforation  may  occur  at  a  later  date. 
Bryant  has  reported  two  cases  of  delayed  perforation,  one  on  the  fifth 
day  and  another  on  the  nineteenth  day.  Cases  are  reported  in  which 
peritonitis  has  developed  where  there  was  no  demonstrable  complete 
perforation.  Courtois  and  Destrez  operated  upon  a  patient  thirty-eight 
hours  after  injury  and  found  a  peritonitis  with  only  a  tear  in  the  serosa 
of  the  large  intestine.  Petry  has  reported  a  similar  case  in  a  four-year- 
old  child  who  was  run  over  by  a  wagon. 

When  the  mesentery  is  injured,  it  is  more  likely  to  lead  to  extensive 
gangrene  than  to  single  perforation.  Rupture  and  tearing  of  the  mesentery 
is  a  serious  injury.  There  may  be  hemorrhage  between  the  leaves  or 
extensive  tears.  Neumann  has  studied  the  question  and  classifies  the 
tears  under  two  heads — (1)  tears  parallel  to  the  gut,  (2)  tears  perpen- 
dicular to  the  gut.  The  first  type,  which  is  naturally  most  dangerous, 
occurs  most  often  with  complete  rupture  of  the  gut  at  the  duodenojejunal 
junction,  but  may  occur  at  any  point.  It  is  more  likely  to  occur  when 
the  distended  gut  has  made  the  mesentery  taut.  The  moving  body 
strikes  the  mesentery  at  its  junction  with  the  bowel  and  either  tears  it 
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off  or  cuts  it  between  the  moving  body  and  spinal  column.  Gangrene 
of  the  bowel  nearly  always  ensues  and  extensive  resection  should  be  done. 

The  intestinal  arteries  injured  in  lacerations  of  the  mesentery  are 
the  superior  and  inferior  mesenteric  or  their  branches. 

The  disposition  of  the  branches  of  the  superior  mesenteric  is  interesting. 
These  branches  number  from  twelve  to  twenty,  are  long  above,  shorter 
below.  They  bifurcate  so  as  to  form  two  or  three  concentric  arcades 
which  approach  little  by  little  the  border  of  the  intestine.  The  last  of 
these  arcades  furnishes  the  vessels  of  the  intestines.  The  last  branches 
are  true  terminal  arteries.  From  this  anatomic  study  we  note  that  a 
wound  of  the  secondary  branch  of  the  superior  mesenteric  far  from  the 
intestine  does  not,  owing  to  the  richness  of  the  anastomosis,  cause  gangrene 
of  the  intestine,  but  if  the  branches  are  cut  or  injured  near  the  intestines, 
gangrene  will  follow. 

Labastic  has  studied  the  question  by  experiments  on  dogs.  His  re- 
sults were  as  follows:  Section  of  the  superior  mesenteric  artery — ^gangrene 
of  a  long  portion  of  the  small  intestine.  Section  8  cm.  along  the  border 
of  the  mesentery  in  such  a  way  that  all  the  recti  vessels  are  divided  close 
to  the  intestine — gangrene  of  the  intestine  for  4  cm.  Incisiori  of  the 
mesentery  5  cm.  from  the  mesenteric  border  of  the  intestine — plaque  of 
superficial  gangrene  of  the  intestine.  Incision  8  cm.  from  the  mesenteric 
border  of  the  intestine — intestine  is  not  involved. 

The  closer  these  lesions  are  to  the  intestine,  the  more  serious  are  their 
consequences.  Besides  the  generalized  and  local  peritonitis  which  may 
follow  rupture,  Schloffer  has  drawn  attention  to  the  presence  of  sequential 
stenosis  due  either  to  adhesions  or  to  scar  formation  in  the  intestinal  wall. 

Associated  with  injury  of  the  intestines  we  frequently  find  injuries  of 
other  organs.  In  Flint's  twenty-one  cases  45  per  cent,  had  injuries  to 
other  organs;  this  percentage  is  higher  than  is  usually  found,  however. 
Villemin  has  reported  a  case  with  hemorrhage  into  the  rectus  in  front  and 
the  psoas  behind.  Voswinckel  reports  a  case  which  developed  a  lymph 
fistula. 

Symptoms  and  Diagnosis. — ^The  symptoms  of  rupture  of  the  gut 
are  those  of  any  severe  abdominal  injury.  The  diagnosis  will  always  be 
in  doubt,  and  must  depend  on  the  variable  factors  of  the  surgeon's  judg- 
ment and  experience  supplemented  by  exploratory  laparotomy  in  every 
suspected  case.  The  diagnosis  will  depend  largely  upon  the  following: 
(1)  history,  (2)  shock,  (3)  abdominal  pain,  (4)  abdominal  rigidity,  (5) 
nausea  and  vomiting,  (6)  pulse,  (7)  signs  of  developing  peritonitis,  (8) 
exploratory  laparotomy. 

What  ^all  be  said  concerning  these  signs  and  symptoms  can  be  only 
relative,  since  any  of  them  may  fail,  and  its  absence  should  not  deter  us  in 
making  a  diagnosis. 

History. — The  patient  gives  a  history  of  a  severe  blow  upon  the  abdo- 
men coming  so  suddenly  that  the  abdominal  muscles  have  not  had  time 
to  contract.  The  blow  has  probably  been  received  in  the  "dangerous 
zone'' — the  mid-line  above  or  below  the  umbilicus.  While  the  patient 
may  not  have  complained  of  great  pain  and  shock  immediately  following 
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the  injury,  the  history  will  probably  be  such  a  one.    Kicks  by  horses  and 
blows  by  the  ends  of  boards  should  be  looked  on  as  especially  dangerous. 

Shock. — Shock  is  frequently  severe,  so  that  the  question  of  intra- 
abdominal hemorrhage  will  come  into  consideration.  The  running  pulse, 
semi-dilated  pupil,  cold  extremities,  subnormal  temperature,  clammy  skin, 
the  anxious  look,  irregular  and  gasping  breathing,  all  suggest  the  presence 
of  some  severe  lesion.  Douboujadoux  has  described  a  peculiar  coloring 
of  the  face  at  the  nasolabial  fold.  On  the  other  hand,  patients  with  severe 
intestinal  injuries  have  frequently  gone  about  with  little  discomfort  and 
no  evidence  of  shock.  The  shock  soon  subsides  and  gradually  passes  over 
into  the  symptoms  and  signs  of  peritonitis.  It  is  exceptional  for  the 
patient  to  become  unconscious. 

.  Abdominal  Pain. — The  pain  is  frequently  severe,  and  while  it  is 
generalized  it  is  almost  always  most  marked  at  the  site  of  the  injury. 
Especially  is  it  sensitive  to  pressure.  There  is  the  thoracic  breathing 
present  in  severe  abdominal  trauma  and  inflammation.  The  patient  lies 
upon  the  back  with  the  legs  drawn  up.  Tenderness  may  be  noticed  by 
rectal  examination. 

Abdominal  Rigidity. — ^This  is  the  most  marked  and  characteristic 
symptom,  and  with  tenderness  is  most  commonly  present.  The  wall 
may  be  retracted,  but  over  the  site  of  the  injury  there  is  a  board-like 
rigidity.  If  the  injury  is  on  one  side,  the  difference  between  this  side 
and  the  uninjured  side  presents  almost  a  pathognomonic  sign.  The  recti 
often  stand  out,  strongly  contracted.  As  peritonitis  develops  the 
retracted  abdomen  is  replaced  by  distention. 

Nausea  and  Vomiting. — Voswinckel  says  that  vomiting  is  present 
in  nearly  every  case.  Other  authors  place  the  percentage  at  50.  This, 
however,  included  the  later  hours.  A  few  at  least  vomit  at  once  on  receipt 
of  the  injury.  Lexer  places  especial  stress  upon  the  vomiting  of  bile. 
This  latter,  however,  is  not  supported  by  others,  except  when  peritonitis 
is  present.     Nausea  at  least  is  almost  always  present  early. 

Pulse. — ^The  pulse  is  early  that  of  shock  and  later  of  peritonitis.  The 
pulse  frequently  is  found  to  have  a  rapidity  out  of  proportion  to  the  shock 
apparently  present. 

Signs  of  Developing  Peritonitis. — Patients  should  have  been  oper- 
ated upon  without  waiting  for  these  signs.  If  they  have  not,  however, 
it  is  noted  that  the  patient  recovers  from  the  shock.  The  cheek  becomes 
flushed,  the  eyes  sink,  the  restless  rolling  of  the  eyes  and  constant  moving 
in  bed  are  very  conspicuous,  the  expression  is  anxious,  the  temperature 
begins  to  rise,  the  board-like  rigidity  of  the  abdominal  wall  gives  way  to 
distention  by  gas  in  the  intestines,  vomiting  begins,  soon  becoming  bile- 
stained  and  then  fecal,  the  pulse  rises  and  the  tension  increases,  hiccup 
may  develop.  There  may  be  a  localized  dullness  at  the  site  of  the  injury, 
where  there  may  be  an  abscess  or  matting  together  of  the  intestines.  The 
obliteration  of  the  liver  dullness  by  free  gas  is  not  now  regarded  as  of  as 
much  importance  as  was  once  attributed  to  it.  Brentano  speaks  of  two 
cases  in  w^hich  a  retroperitoneal  hemorrhage  gave  all  the  symptoms  of  a 
peritonitis. 
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Exploratory  Laparotomy. — ^An  exploratory  incision  should  be  made 
in  every  suspected  case  when  the  proper  facilities  for  op)eration  are  present. 
The  test  of  the  blood-pressure  is  of  only  relative  importance,  and  the  same 
may  be  said  of  the  leukocyte  count.  The  white  blood-cells  may  or 
may  not  be  increased,  and  the  loss  of  blood  is  seldom  sufficient  in  amount 
to  cause  any  appreciable  difference  in  the  number  of  red  blood-cells.  If 
a  stool  is  secured,  microscopic  blood  may  be  demonstrated.  Its  absence, 
however,  should  not  influence  the  diagnosis. 

Prognosis. — ^The  prognosis  is  not  so  good  as  in  stab  and  gunshot 
wounds,  owdng  to  the  large  size  of  the  w^ound,  w^hich  is  more  likely  to 
permit  the  escap)e  of  fecal  contents,  and  also  owing  to  the  fact  that  the 
operative  interference  is  not  so  prompt. 

Petr>'  collected  one  hundred  and  sixty  cases  treated  expectantly  with 
a  mortahty  of  93  per  cent.  In  one  case  the  wound  was  closed  by  omentum 
and  in  ten  there  was  local  abscess  formation.  Of  forty-two  cases  collected 
by  the  same  author  operated  upon  in  the  first  day,  fourteen  recovered 
and  eighteen  died — 66  per  cent.  Tawaststjema  collected  one  hundred 
and  twenty-five  cases  with  a  mortality  of  67.2  per  cent.  These  statistics 
are  hardly  borne  out  by  the  complete  statistics  of  individual  authors, 
since  fatal  cases  are  not  so  frequently  reported.  Newmann  operated  upon 
twenty-one  cases,  one  recovered;  Thommen,  ten  cases,  two  recovered; 
Schmitt,  eight  cases,  one  recovered;  Brehm,  seven  cases,  one  recovered; 
Mauclaire,  five  cases,  one  recovered;  Wolfler,  fifteen  cases,  thirteen 
operated  upon,  three  lived.  The  time  of  operation  is  noted  as  follows: 
five  in  first  twelve  hours,  two  Uved;  four  in  twenty-four  to  thirty  hours, 
two  lived;  four  later,  one  lived.  Thommen's  cases  were  classified  as 
follows:  three  operated  upon  in  first  five  hours,  one  recovered;  two  in 
five  to  twenty  hours,  one  recovered;  two  in  twenty  to  thirty  hours,  none 
recovered;  three  in  thirty  to  sixty-five  hours,  none  recovered.  Siegel 
collected  three  hundred  and  seventy-six  cases  with  the  following  prog- 
nosis as  to  hours:  In  first  four  hours,  mortality  15.2  per  cent.;  in  five  to 
eight  hours,  44  per  cent.;  in  nine  to  twelve  hours,  63.6  per  cent.;  later, 
70  per  cent.  We  thus  see  how  grave  is  the  prognosis  and  how  imperative 
it  is  to  have  an  exploratory  operation  at  once  in  suspected  cases. 

Treatment. — At  least  one  of  the  earliest  op)erations  for  rupture  of 
the  gut  was  performed  in  1883  by  Bouilly.  To  Moty,  however,  is  probably 
due  the  credit  of  the  first  recovery  following  intervention,  in  1889. 

It  being  decided  that  operation  is  indicated,  it  should  be  p)erformed 
as  expeditiously  as  possible.  No  time  should  be  lost  by  unnecessary  delay. 
If  shock  is  present,  it  should  be  vigorously  combated  by  stimulants,  trans- 
fusion, or  enemas  of  normal  salt.  Crile's  shock  jacket  may  be  applied. 
All  scrubbing  of  the  patient  should  have  been  done,  he  should  be  placed  on 
the  operating  table  and  everything  be  ready  before  the  anesthesia  is  begun. 
As  little  should  be  given  as  possible.  Ether  will  probably  be  preferred, 
and  should  be  preceded  by  nitrous  oxid  or  some  of  the  adjuvants  to  rapid 
anesthesia.  The  site  of  the  incision  should  be  as  near  the  point  of  tender- 
ness and  bruising  as  is  possible  and  yet  remain  near  enough  to  the  median 
line  to  j)ermit  of  careful  examination  of  the  entire  gut.    The  abdominal 
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opening  should  be  large  enough  to  allow  the  operator  to  work  quickly 
and  accurately.  If  the  rupture  is  not  seeij  at  once,  some  fixed  point  is 
chosen,  as,  for  instance,  the  ileocecal  or  jejunoduodenal  junction,  or 
a  strip  of  gauze  may  be  tied  about  the  gut  at  the  first  loop  picked  up,  and 
then  the  bowel  should  be  carefully  examined  throughout  its  extent.  The 
condition  of  the  mesentery  should  also  be  noted.  If  the  ruptured  gut 
is  found  at  once,  it  should  be  cared  for  first  and  then  the  gut  examined. 
The  rupture  should  be  closed  by  transverse  suture,  so  as  not  to  impair 
the  lumen  of  the  bowel.  The  closure  should  be  by  the  usual  methods; 
most  operators  believe  that  a  strip  of  gauze  should  be  carried  down 
to  the  site  of  operation  for  subsequent  drainage.  In  case  the  patient 
is  in  serious  condition  it  may  be  wiser  to  make  a  fecal  fistula  by  drawing 
the  ruptured  gut  up  into  the  wound.  If  adhesions  have  begun  to  form, 
it  is  questionable  whether  these  should  be  further  broken  up,  after  finding 
the  perforation,  since  then  not  only  the  limiting  wall,  but  also  the  abraded 
surface  left  offer  a  most  favorable  atrium  for  the  rapid  entrance  of  germs 
and  toxins.  It  is  probable  that  the  wisest  procedure  is  to  close  the 
ruptures  found  easily,  and  get  the  patient  back  to  bed  at  once.  It  also 
follows  that  in  such  cases  the  abdominal  cavity  should  not  be  irrigated. 
Where  adhesions  have  not  formed  on  account  of  the  early  operation, 
more  careful  search  can  be  made.  If  the  peritonitis  is  general  without 
adhesions,  the  intestines  should  be  searched  quickly  and  carefully. 
Whether  the  abdominal  cavity  should  be  flushed  out  or  only  drained  is 
still  undecided.  Andrews  inserts  tubes  down  to  the  various  peritoneal 
pockets  and  has  a  constant  stream  of  normal  salt  solution  running  in  and 
flushing  out  the  abdomen  while  he  is  operating.  Other  surgeons  believe 
that  the  less  the  cavity  is  disturbed  the  better,  and  insert  gauze  strips 
into  the  various  pockets.  It  is  not  our  purpose,  however,  to  discuss 
here  the  various  questions  as  to  peritonitis.  If  an  abscess  has  formed 
and  the  patient  is  in  a  serious  condition,  the  wiser  procedure  is  to  drain 
the  abscess  and  at  a  later  date  close  the  fecal  fistula  if  it  persists. 

If  a  seriously  contused  area  is  found,  the  wall  can  be  rolled  in.  If  the 
mesentery  is  injured,  careful  examination  should  be  made  of  the  vascular 
anastomosis,  and  if  there  is  any  question  as  to  the  destruction  of  the 
blood-supply  the  bowel  should  be  resected.  This  should  be  emphasized, 
since  the  mortality  in  these  cases  has  been  high.  This  will  frequently 
be  found  necessary  where  the  tear  is  near  the  gut,  as  has  already  been 
pointed  out. 

Search  should  be  made  for  injury  of  other  viscera. 


DUODENAL  ULCER. 

Ulcers  of  the  duodenum  may  be  of  the  so-called  "peptic"  variety, 
since  the  digestive  juices  of  the  stomach  may  still  be  active  there.  Fur- 
ther down  the  intestine  the  admixture  with  the  other  fluids  of  the  part 
neutralizes  the  action  of  the  gastric  juice. 

Perforation  is  a  frequent  complication  of  ulcer  of  the  duodenum 
and  is  apt  to  be  the  first  manifestation  of  the  disease,  which  often  remains 
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latent,  according  to  Cumston."  Collin  found  that  perforation  took 
place  in  181  cases  out  of  262;  in  other  words,  in  69  per  cent.,  but  this  may 
be  larger  than  the  actual  percentage,  since  many  cases  of  ulcer  are  only 
diagnosticated  at  the  autopsy.  In  a  large  number  of  records  the  ratio  of 
one  female  to  five  males  is  maintained,  the  disease  being  most  frequent 
between  the  ages  of  thirty  and  forty.  The  usual  seat  of  the  disease  is  the 
first  portion  of  the  duodenum,  near  the  pylorus.  Loss  of  tissue  in  perfor- 
ation is  usually  discovered  on  the  anterior  aspect  of  the  organ,  because 
the  lesion  occupies  the  most  movable  portion  of  the  duodenum,  which  is 
more  completely  covered  by  peritoneum.  Alloncle  found  that  perforation 
occurred  on  the  anterior  wall  in  60  per  cent,  of  all  cases  examined,  and 
Collin  came  to  practically  the  same  conclusion,  namely,  in  59.6  per  cent, 
of  cases.  Therefore,  when  dealing  with  a  case  of  perforating  peritonitis 
of  a  probable  gastroduodenal  origin,  the  anterior  aspect  of  the  duodenum, 
and  especially  its  first  portion,  should  be  the  first  portion  explored.  There 
is  no  definite  symptomatology. 

When  perforation  occurs,  the  most  noteworthy  point  is  the  sudden- 
ness of  onset.  The  diagnosis  is  difficult,  and  there  is  but  one  treatment, 
laparotomy.  It  is  always  well  to  let  the  initial  shock  pass  by  and  allow 
the  patient  to  gain  some  strength  before  opening  the  abdomen.  From 
three  to  four  hours  is  usually  sufficient  for  this  to  take  place.  In  order 
to  expose  the  perforated  duodenum  the  best  incision  would  naturally 
be  one  made  parallel  to  the  linea  alba,  about  5  cm.  or  a  little  more  to  the 
right,  commencing  at  the  eighth  costal  cartilage  and  made  as  long  as 
requisite  for  the  case.  When  the  perforation  is  easily  accessible,  one  has 
at  his  disposal,  as  in  gastric  ulcer,  three  technical  possibiUties :  namely, 
sutiu-e  of  the  perforation  with  or  without  resection  of  the  ulcer;  intestinal 
anastomosis,  with  or  without  suture  of  the  bowel  or  resection;  and, 
thirdly,  enterostomy,  or  fixation  of  the  borders  of  the  ulcer  to  the  ab- 
dominal wound.  The  first  procedure  should  be  employed  when  possible, 
while  the  other  two  are  to  be  reserved  for  those  cases  where  the  changes 
in  the  tissues  are  so  extensive  that  it  is  not  possible  to  suture.  Enter- 
ostomy is  resorted  to  in  those  cases  where  the  patient's  condition  obUges 
one  to  act  with  speed.  If  the  perforation  is  difficult  to  reach,  so  that  no 
sutures  can  be  used,  all  that  can  be  done  is  to  wall  off  the  parts  and  resort 
to  large  drainage-tubes  and  gauze  packing.  If  the  general  peritoneal 
cavity  has  become  involved,  it  should  be  drained. 

There  has  been  an  increasing  number  of  individual  cases  published 
since  1901,  when  Moynihan  collected  51  cases  operated  upon.  M.  S. 
Smith*  records  14  cases  of  acute  perforated  ulcer  of  the  duodenum,  12 
males  and  2  females,  the  average  age  being  forty  years.  Three  were  not 
operated  upon.  One  was  in  such  collapse  that  an  operation  was  con- 
sidered out  of  the  question.  The  patient  died  within  thirteen  hours  of 
the  perforation.  One  was  brought  into  the  hospital  in  a  moribund  condi- 
tion five  days  after  perforation  and  died  while  preparations  were  being 
made  for  operation.  In  one  case  the  condition  was  found  post-mortem. 
Eleven  were  operated  upon,  with  five  recoveries  and  six  deaths.  Of 
those  that  died,  one  went  into  collapse  under  the  anesthetic,  so  that  the 
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closure  of  the  ulcer  had  to  be  abandoned,  and  the  patient  died*  within  a 
few  minutes.  In  another  case  the  perforation  was  not  found  at  the 
operation. 

Perforated  duodenal  ulcers  may  be  best  divided  into  three  classes: 

1.  Acute  perforation  of  the  peritoneum-covered  surface  of  the  duo- 
denum with  profuse  escape  of  intestinal  contents  rapidly  flooding  the 
whole  peritoneal  cavity.  Cases  of  this  class  result  in  general  septic 
peritonitis. 

2.  Acute  perforation  of  the  peritoneum-covered  surface  of  the  duo- 
denum with  moderate  escape  of  intestinal  contents  filling  up  a  part  only 
of  the  peritoneal  cavity — a  part  of  large  extent,  but  with  certain  definite 
and  constant  boundaries.  Those  of  this  class  result  in  one  of  two  w^ays: 
A  localized  but  extensive  abscess  may  form,  or,  secondly  and  more  fre- 
quently, the  fluid,  after  remaining  for  a  time  within  its  original  bounds, 
is  increased  in  amount  by  further  escape  and  invades  the  peritoneal  cavity 
far  and  wide,  giving  rise  to  general  septic  peritonitis. 

3.  Chronic  perforation  of  the  non-peritoneum-covered  surface  of  the 
duodenum  or  of  a  part  of  its  peritoneum-covered  surface  which  has 
become  adherent  to  surrounding  structures.  Cases  coming  under  this 
heading  result  in  a  localized  abscess,  chronic  peritonitis  with  adhesions, 
or  rarely  a  duodenal  fistula. 

No  sharp  line  can  be  drawn  between  the  two  latter  varieties;  the 
second  is  more  common  than  the  first.  There  is  in  the  majority  of  cases 
an  interval  during  which  the  extravasated  contents,  although  no  adhe- 
sions have  formed,  are  limited  to  a  particular  region  of  the  abdominal 
cavity.  The  evidence  that  may  be  adduced  in  favor  of  this  statement 
may  be  studied  under  three  headings:  (1)  Experimental;  (2)  results  of 
operation;  and  (3)  situation  of  abscesses. 

Experimental  evidence:  With  a  view  to  investigate  the  course  taken 
by  fluid  from  a  perforated  duodenal  ulcer  Smith  has  carried  out  a  series 
of  experiments  on  the  dead  body.  The  pathologic  condition  was  repro- 
duced by  passing  an  esophageal  tube  into  the  stomach  from  the  mouth 
and  attaching  to  it  a  glass  tube  which  passed  through  the  pylorus  and 
was  brought  out  of  a  hole  in  the  duodenum  in  the  usual  site  of  perforation. 
The  end  of  this  tube  was  then  tied  in  flush  with  the  duodenal  surface. 
It  was  possible  to  do  this  without  disturbing  the  anatomic  condition  of 
the  part.  The  incision  in  the  abdominal  wall  made  for  the  purpose  of 
these  manipulations  was  then  closed.  By  means  of  a  funnel  attached 
to  the  esophageal  tube  fluid  was  poured  down  the  tube  and  made  its  exit 
into  the  peritoneal  cavity  at  the  site  of  the  artificially  perforated  duodenal 
ulcer.  The  fluid  used  was  water  with  zinc  oxid  suspended  in  it  by  means 
of  tragacanth  emulsion.  In  every  instance  the  fluid  ran  downward  in  the 
direction  of  the  right  kidney  pouch  and  collected  in  a  space  bounded: 
in  front,  by  the  under  surface  of  the  right  lobe  of  the  liver  and  the  hepatic 
flexure  of  the  colon;  behind,  by  the  anterior  peritoneum-covered  surface 
of  the  right  kidney  and  the  posterior  abdominal  wall ;  and  inside,  by  the 
duodenum  itself  and  the  foramen  of  Winslow.  In  an  upward  direction 
this  pouch  spread  behind  the  liver,  between  that  viscus  and  the  diaphragm. 
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but  here  its  progress  was  blocked  by  the  inferior  layer  of  the  coronary 
ligament.  Away  from  the  middle  line,  however,  it  stretched  uninterrupt- 
edly to  the  right  of  the  lateral  hepatic  ligament  to  the  upper  surface  of 
the  liver  as  far  as  the  reflection  of  the  falciform  ligament.  Downward 
this  space  was  Umited  in  part  by  the  reflection  of  peritoneum  from  the 
hepatic  flexure  of  the  colon  on  the  face  of  the  kidney  and  the  second  part  of 
the  duodenum.  When  fluid  had  filled  up  the  right  kidney  pouch,  it  always 
followed  certain  definite  paths.  It  did  not  pass  through  the  foramen  of 
Winslow  into  the  lesser  sac  of  peritoneum.  It  had  little  tendency  to  find 
its  way  beneath  the  diaphragm.  It  always  descended  along  the  outer  side 
of  the  ascending  colon  as  far  as  the  brim  of  the  pelvis.  The  level  of  the 
fluid  rose  until  it  reached  the  level  of  the  pelvic  brim.  It  then  overflowed 
into  the  pelvis.  It  must  be  remembered  that  this  collecting  body  of  fluid  is 
dammed  up  on  the  inner  side  by  the  ascending  colon.  If  this  has  no  mesen- 
tery, the  colon  may  be  so  bound  down  into  the  loin  that  the  level  of  the 
fluid  reaches  above  the  summit  of  the  ascending  colon"  dam''  before  it  rises 
above  the  level  of  the  brim  of  the  pelvis.  In  this  case  the  fluid  will  first 
leave  the  right  kidney  pouch  by  crossing  the  ascending  colon,  usually  a  few 
inches  below  the  hepatic  flexure.  Even  if  the  fluid  takes  this  course  it 
still  tends  to  flow  to  the  region  of  the  appendix,  guided  thither  by  the  obli- 
quity of  the  mesentery  downward  and  to  the  right  and  by  the  slope  of  the 
abdominal  wall  away  from  the  middle  line.  It  does  not  directly  invade 
the  left  half  of  the  abdomen,  but  crosses  the  termination  of  the  ileum  and 
reaches  the  right  side  of  the  pelvis  practically  at  the  same  spot  as  before. 

There  still  remains  the  point  as  to  what  guides  the  fluid  toward  the 
right  iliac  fossa  in  the  first  instance.  This  experimental  evidence  is 
confirmed  by  the  results  of  operation,  which  have  shown  not  infrequently 
the  extravasated  fluid  limited  to  the  right  renal  pouch  and  extending 
down  as  far  as  the  outer  side  of  the  cecum,  without  overflowing  into  the 
pelvis.  Conditions  found  at  operation  on  Case  14  are  of  interest.  There 
was  a  collection  of  fluid  and  pus  bounded  on  the  outer  side  by  the  cecum, 
limited  internally  by  coils  of  small  intestine,  and  in  front  by  the  great 
omentum,  which  was  loosely  attached  to  the  cecum  and  intestine  by 
recent  lymph.  The  space  thus  bounded  was  continuous  over  the  termina- 
tion of  the  ileum  with  the  cavity  of  the  pelvis,  which  also  contained  fluid 
and  pus.  In  an  upward  direction  there  was  a  well-defined  track  of  sup- 
puration crossing  the  ascending  colon  just  below  the  hepatic  flexure  and 
leading  to  an  accumulation  of  several  ounces  in  the  right  kidney  pouch. 
The  anterior  surface  of  the  first  part  of  the  duodenum  was  found  per- 
forated and  there  were  no  surrounding  adhesions  whatever,  but  the  course 
of  the  escaped  fluid  had  evidently  followed  exactly  the  course  described 
under  "experimental  evidence." 

In  all  cases  recorded  in  w^hich  abscesses  had  formed  as  a  result  of 
acute  perforated  duodenal  ulcer,  the  walls  of  the  abscess  cavity  have 
been  formed  by  the  structures  mentioned  above  as  limiting  the  right 
renal  pouch.  This  collecting  of  the  fluid  in  the  right  kidney  pouch  indi- 
cates what  Smith  thinks  to  be  an  important  point  in  the  treatment. 

Mayo**  has  published  a  series  of  fifty  cases  of  duodenal  ulcer.  He 
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states  that  in  his  opinion  the  causation  and  continuation  of  duod< 
ulcers  depend  upon  the  irritating  secretions  of  the  stomach,  and  that  tl 
must  be  diverted  by  gastro-enterostomy. 

Of  his  group  of  perforation  cases,  six  were  instances  of  acute  perf 
tion.  In  all  but  one  the  perforation  was  a  compUcation  of  chronic  v 
with  a  history  of  four  to  twenty-one  years'  standing.  One  patient  ( 
from  inanition  from  prolonged  leakage,  although  a  gastro-enterost< 
was  done  at  the  same  time.  One  patient  died  from  pneumonia  on 
tenth  day.    The  other  cases  recovered. 

Hemorrhage  occurred  in  one  case  with  death.  At  the  operation 
ulcer  was  easily  recognized,  and  was  excised,  the  pylorus  at  the  same  t 
being  enlarged.     Death  occurred  from  pneumonia  on  the  fifth  day. 


Fio.  379. — Two  Intestinal  Perforations  in  Typhoid   Fever  (Museum   of  the  Pennsyl 

Hospital). 
A  third  small  perforation  existed  just  above  the  large  one.     Resection  of  the  bowel  i 
have  been  the  only  possible  mode  of  treating  the  large  perforation,  as  lateral  closure  would 
produced  great  stenosis.     Observe  the  numerous  areas  of  thinning  of  the  wall  of  the  bowel 
ulceration  (Keen). 


Gastric  compUcations  occurred  in  twenty-eight  cases.  One  d< 
occurred  from  the  prolapse  of  a  long  transverse  colon  over  the  loo] 
jejunum  used  for  gastro-enterostomy. 

Complications  with  disease  of  the  gall-bladder  and  liver  were  m 
eleven  times.     No  deaths  occurred  from  operation. 

The  remaining  thirteen  cases,  in  which  there  were  no  sympt 
calling  for  operation  on  the  stomach  or  the  gall-bladder,  showed  no  dea 

Perforation  in  Typhoid  Fever.— The  frequency  with  w 
perforation  occurs  in  typhoid  fever  is  illustrated  by  the  re 
statistics  collected  by  J.  A.  Scott."    He  estimates  that  about  one-t 
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of  the  deaths  in  this  disease  occur  from  perforation.  In  3006  cases  the 
general  mortality  was  8.05  per  cent.,  while  the  mortality  from  perforation 
among  these  cases  was  2.58  per  cent.  Of  sixty  cases  operated  upon, 
thirteen  recovered. 

The  diagnosis  rests  upon  the  occurrence  of  sudden  pain  followed  by 
tenderness  and  rigidity.  The  presence  or  absence  of  liver  dullness  and 
the  leukocyte  count  are  considered  of  no  value  by  Scott,  while  a  certain 
proportion  of  the  cases  will  not  exhibit  pain  or  rigidity.  To  be  excluded 
are  pneumonia  and  pleurisy,  urinary  retention,  thrombosis  of  the  iliac 
or  femoral  vein,  and  peritonitis. 


Fig.  380. — Intestinal  Perforation  in  Typhoid  Fever  (Miueum  of  the  PeooHylvania  Hospital). 
Observe  the  thinned  wall  around  the  perforation  (Keen). 

The  most  common  time  for  perforation  to  occur  is  between  the  four- 
teenth and  twenty-first  days.  It  is  most  common  in  the  cases  of  moderate 
or  severe  type.  Almost  all  the  perforations  occur  within  12  inches  of 
the  ileocecal  valve,  although  the  app)endix  and  colon  are  not  infrequently 
the  site  of  the  lesion. 

The  diagnosis  having  been  made,  operation  must  be  performed  im- 
mediately. Closure  of  the  perforation  and  drainage  constitute  the 
surgical  requirements. 

Perforating  Typhoid  Ulcer.— Greaves"  reports  three  cases  of 
typhoid  ulcer  with  perforation  which  he  operated  on,  two  of  which  re- 
covered, one  dying  of  bronchopneumonia.  He  objects  to  glass  drains 
in  the  lower  part  of  the  abdomen:  (1)  The  *' drain"  is  acting  under  the 
mechanical  disadvantage  of  the  patient  lying  upon  his  back,  forcing  all 
the  fluid  to  pass  uphill.     (2)  Whereas  perifect  rest  is  greatly  to  be  desired 
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in  any  case  of  general  peritonitis,  but  especially  in  typhoid  fever,  the 
presence  of  the  drainage-tube  adds  to  the  difficulties  of  nursing,  and  must 
be  constantly  emptied  by  a  suction  syringe.  (3)  The  drainage-tube 
provides  an  open  path  for  the  intrusion  of  germs  from  without.  (4) 
The  drainage-tube,  if  flexible,  is  easily  occluded,  and  so  rendered  useless; 
if  rigid,  it  may  by  its  pressure  injure  the  intestine  or  bladder.  A  fecal 
fistula  has  resulted  from  such  pressure.  (5)  On  withdrawing  the  tube, 
some  portion  of  the  bowel,  such  as  the  appendix,  Meckel's  diverticulum, 
and  appendix  epiploica  or  part  of  the  great  omentum,  may  have  entered 
the  tube  and  be  withdrawn  also.  Drainage  should  be  reserved  for  the 
most  septic  cases,  and  then  applied  to  the  dependent  parts,  such  as  the 
lumbar  regions,  rather  than  to  the  abdominal  incision.  The  abdominal 
wound  should  be  closed  in  layers  and  the  suture  should  be  interrupted. 
To  guard  against  infection  of  the  subcutaneous  fatty  tissue  it  was  sug- 
gested that  a  small  drain  should  be  inserted  into  the  wound  at  the  lower 
end  of  the  incision  after  the  peritoneum  is  completely  closed,  removing 
one  of  the  interrupted  sutures  when  necessary'. 

One  of  the  earliest  pap)ers  on  intestinal  perforation  in  typhoid  was 
published  in  1891."  I  was  then  able  to  report  three  cases  in  which  I  had 
performed  the  operation,  one  of  the  cases  recovering.  This  seems  to 
have  been  the  first  case  of  recovery  where  there  was  no  doubt  of  'the 
diagnosis  of  typhoid  fever. 

Scott  places  the  proportion  of  operative  recoveries  at  21.6  per  cent, 
in  his  series  of  eighty-four  cases. 

Charles  F.  Mitchell'*  reported  eight  cases  of  typhoid  fever  with  per- 
forations upon  which  he  had  operated.  All  the  cases  were  males,  their 
ages  being  from  eighteen  to  twenty-eight  years.  Upon  exploring  the 
abdomen  one  case  failed  to  show  a  perforation.  This  patient  recovered. 
Four  of  the  remaining  seven  cases  died,  and  three  recovered,  a  mortality 
of  57.1  per  cent.  The  first  symptom  of  perforation  appeared  in  three 
cases  on  the  fifteenth  day  of  the  disease,  in  the  other  five  cases  on  the 
tenth,  twelfth,  twenty-first,  twenty-sixth,  and  thirty-sixth  days  re- 
spectively. 

The  time  between  perforation  and  operation,  reckoning  from  the  first 
onset  of  pain,  had  been  in  the  cases  that  recovered  four  and  a  half,  eight, 
and  ten  hours,  while  in  the  four  that  died  it  was  three,  eight,  twelve,  and 
fifteen  hours. 

The  leukocytes  were  counted  in  all  but  one  case  and  all  showed  a 
leukocytosis  except  in  one  of  the  three  which  recovered,  which  showed 
a  count  immediately  before  the  operation  of  5900.  None  of  the  cases  had 
more  than  one  perforation.  Four  of  the  perforations  were  of  pinhead 
size,  one  the  size  of  a  lead-pencil,  and  one  that  of  a  slate-pencil.  All  the 
perforations  occurred  in  the  last  18  inches  of  the  ileum.  The  operations 
were  done  under  ether  anesthesia,  the  incisions  being  made  through  the 
outer  border  of  the  right  rectus  or  through  the  right  semilunar  Hne. 
The  abdominal  cavity  was  flushed  with  salt  solution  in  two  of  the  cases, 
both  of  which  died.     Gauze  drainage  was  used  in  ever>'  case. 
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ULCER  OF  THE  JEJUNUM, 

After  gastro-enterostomy  ulcers  of  the  jejunum  occur  most  frequently 
in  men  of  middle  or  advanced  age."  As  to  their  clinical  course,  two 
groups  are  to  be  distinguished.  In  one  case  the  course  is  devoid  of 
symptoms  until  perforation  takes  place  into  the  free  abdominal  cavity. 
In  the  second  case  a  chronic  course  is  pursued,  characterized  by  severe 
distress  or  pain.  Gradual  penetration  of  the  ulcer,  adhesions,  and  in- 
volvement of  neighboring  oi^ans  are  then  likely  to  occur,  leading  to  the 
production  of  considerable  inflammatory  tumefaction.  The  latter  cases 
give  the  clinical  picture  of  penetrating  gastric  ulcers,  and  are  scarcely 
to  be  distinguished  from  them.  There  is  a  great  tendency  for  them  to 
recur,  so  that,  after  operations,  the  result,  as  far  as  permanence  is  con- 
cerned, is  not  good,  though  the  few  experiences  with  internal  therapy 
in  the  absence  of  perforation  are  favorable.  Tiegel  ascribes  the  origin 
of  the  ulcer  in  the  first  place  to  the  peptic  action  of  the  gastric  juice  sup- 
ported by  circulator}''  inactivity  (arteriosclerosis),  lesions  of  the  mucous 
membrane,  and  perhaps  by  individual  disposition.  As  yet  it  is  impossible 
to  say  that  any  special  operative  method  or  technic  of  gastro-enterostomy 
is  responsible  for  the  ulceration.  Tiegel  recommends  that  internal 
treatment  be  directed  to  the  prophylaxis  of  this  condition  and  suggests 
the  use  of  alkalis  and  a  strict  diet. 


SARCOMA  OF  THE  SMALL  INTESTINE. 

E.  Libman,  of  New  York,*'  has  had  an  extraordinary  experience  with 
the  rare  sarcomata  of  the  small  intestine,  and  has  made  an  extensive 
study  of  the  literature  of  the  subject. 

No  case  of  this  kind  w^as  observed  in  the  Berlin  Pathological  Institute 
from  1859  to  1875.  Smoler  studied  13  cases  occurring  at  Prague  within 
fifteen  years  among  13,036  autopsies.  Twelve  cases,  according  to  Noth- 
nagel,  occurred  in  Vienna  between  1882  and  1893. 

The  small  intestine  is  most  frequently  the  seat  of  these  lympho- 
sarcomata.  In  the  large  intestine  they  are  much  rarer,  except  in  the 
rectum,  where  they  occur  as  frequently  as  in  the  small  intestine.  Krueger 
gives  the  following  statistics  of  37  cases:  The  small  intestine,  16;  ileum 
and  cecum,  1;  small  intestine  and  colon,  1;  rectum,  16. 

Baltzer  states  that  57.8  per  cent,  of  the  cases  occur  in  the  fourth 
decennium. 

The  disease  seems  to  be  quite  as  frequent  in  males  as  in  females. 

As  to  the  more  intimate  causes  of  the  malady,  nothing  is  known. 

Libman  found  among  42  cases,  15  involving  the  duodenum.  18  the 
jejunum  and  ileum,  14  the  ileum,  and  3  the  entire  intestinal  tract. 

All  microscopic  varieties  of  sarcoma  are  observed  in  the  intestine. 
Usually  the  neoplasm  involves  only  the  mucosa  and  the  muscularis,  the 
serosa  being  almost  or  quite  free.  In  quite  isolated  cases  the  neoplasm 
took  its  origin  in  the  serosa,  and  extended  from  there  to  the  inner  layers. 
The  lymphosarcomata,  which  form  the  largest  group,  begin  commonly 
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in  the  submucous  lymph-glands  and  grow  along  the  long  axis  of  the  bowel. 
The  muscularis  is  early  involved  and  paralyzed,  permitting  the  feces  and 
gas  to  dilate  the  bowel.  This  intestinal  dilatation  is  an  especial,  although 
not  constant  attendant  phenomenon  of  lymphosarcoma  of  the  intestine. 

The  tumor  may  compress  the  vena  cava,  the  biliary  passages,  the 
ductus  pancreaticus,  or  the  ureters. 

Ulceration  is  very  frequent,  and  may  lead  to  perforation  either  through 
an  intestinal  loop  or  into  the  abdominal  cavity. 

Metastases  may  take  place  in  various  parts  of  the  body. 

Symptoms, — The  symptoms  include  an  early  involvement  of  nutri- 
tion. Baltzer  states  that  the  first  symptoms  are  transitory  abdominal 
pain,  anorexia,  nausea  and  vomiting.  The  abdomen  is  soon  distended, 
the  patients  become  thin  and  pale,  and  usually  a  tumor  is  demonstrable, 
though  this  may  be  long  imperceptible. 

Of  the  special  symptoms  the  pain,  usually  in  the  epigastric  region, 
and  distention  of  the  abdomen  are  very  prominent.  The  latter  often 
occurs  suddenly,  and  the  phenomena  of  the  disease  may  have  their  be- 
ginning in  this  symptom.  The  distention  may  be  due  to  the  involvement 
of  the  peritoneum,  pressure  upon  the  vessels,  intestinal  perforation, 
tympanites,  or  the  mere  size  of  the  tumor.  An  effusion  may  be  present, 
clear,  milky,  purulent,  or  hemorrhagic. 

The  tumor  usually  feels  like  an  irregularly  shaped  mass,  while  in 
reality  the  neoplasm  is  only  small  and  the  nodular  character  of  the  mass 
is  brought  about  by  metastases  in  the  peritoneum  and  lymphatic  glands. 
One  often  feels  small  nodules  that  seem  to  be  lymphatic  glands,  but  on 
post-mortem  examination  are  found  to  be  infiltrated  appendices  epiploicse. 
The  tumor  may  be  superficial  or  deep.  As  a  rule,  it  is  not  tender.  It 
is  movable  with  respiration,  and  usually  can  be  pushed  about  in  the  ab- 
domen. A  dull  note  is  for  the  most  part  obtained  upon  percussion. 
Though  quite  soft  and  very  hard  tumors  have  been  described,  as  a  rule 
the  consistency  is  moderately  hard.  Indistinct  fluctuation  is  sometimes 
felt;  the  tumor  may  take  part  in  the  peristaltic  movement  of  the  intes- 
tines and  crepitation  is  sometimes  felt  over  the  tumor. 

The  position  of  the  tumors  is  very  variable.  They  have  a  great 
tendency  to  grow  backward,  and  they  may  occur  primarily  in  the  lower 
part  of  the  abdomen,  so  that  rectal  examination  may  lead  to  the  recog- 
nition of  a  tumor  which  cannot  be  palpated  from  above. 

Naturally  a  number  of  compression  phenomena  may  be  observed, 
such  as  ascites,  swelling  of  the  legs  and  scrotum,  dilatation  of  the  veins 
of  the  chest  wall,  icterus  and  acholic  stools,  difficulties  with  urination  and 
diminution  of  the  quantity  of  urine. 

Gastric  symptoms,  such  as  anorexia  and  vomiting,  are  not  uncommon. 
At  the  epigastrium  a  feeling  of  pain  may  be  present. 

Intestinal  symptoms  are  associated  with  depression  and  diarrhea, 
the  dilatation  of  the  bowel  already  mentioned  being  borne  in  mind. 

A  consideration  of  the  metastatic  relations  of  these  tumors,  together 
with  the  pressure  relations,  will  suggest  the  phenomena  to  be  observed 
upon  the  side  of  the  liver,  the  lungs,  the  urinary  organs,  and  the  rectum. 
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No  characteristic  blood  findings  are  noted. 

The  course  of  the  disease  has  suggested  to  Lidman  the  following 
classification:  (1)  latent  cases  in  which  the  tumor  is  first  discovered  at 
autopsy;  (2)  cases  in  which  either  general  symptoms,  the  distended  ab- 
domen, or  the  tumor  excite  attention;  (3)  cases  in  which  the  first  symp- 
toms are  brought  about  by  intestinal  occlusion  or  perforation;  (4)  those 
in  which  a  similarity  to  tuberculosis  of  the  peritoneum  is  demonstrable, 
and  in  which  no  tumor  is  to  be  felt;  (5)  cases  in  which  icterus  is  the  first 
symptom;  (6)  in  one  case  there  was  great  similarity  to  ovarian  cyst; 
(7)  finally,  cases  in  which  a  pronounced  resemblance  to  appendicitis  is 
present,  an  observation  first  made  by  libman. 

Since  there  is  no  pathognomonic  symptom,  it  is  necessary  to  take 
into  consideration  the  symptom-complex  already  detailed,  and,  as  far 
as  possible,  to  depend  upon  differential  diagnostic  points  in  addition. 

Carcinoma  of  the  intestines  and  the  peritoneum  will  always  present 
difficulties  of  diagnosis,  the  chief  distinctive  feature  being  that  pertaining 
to  age.  Below  fifteen  years  of  age  the  probabilities  are  in  favor  of  sarcoma. 
After  forty  years  of  age  sarcoma  is  less  probable,  though  not  to  be  ex- 
cluded. Against  carcinoma  are  absence  of  glandular  infiltration,  absence 
of  pain,  and  the  size  of  the  growth. 

Tuberculous  peritonitis  and  tuberculosis  of  the  mesenteric  glands  are 
to  be  considered.  A  case  of  Nothnagel's  presented  a  difficulty  of  this 
kind,  the  autopsy  showing  that  a  lymphosarcomatous  neoplasm  had 
arisen  upon  the  basis  of  cicatrized  tuberculous  ulcers.  The  presence  of 
a  very  large  tumor  or  of  several  tumors  speaks  more  for  sarcoma.  In 
tuberculosis  ascites  is  usually  an  early  symptom. 

Sarcoma  of  the  kidneys,  ovarian  tumor  and  cysts,  neoplasms  of  the 
bladder  and  prostate,  retroperitoneal  sarcoma,  and  appendicitis  with 
or  without  peritonitis  may  require  consideration. 

The  duration,  according  to  Baltzar,  is  from  one-half  month  to  one  year 
and  nine  months,  most  of  the  cases  dying  within  nine  months.  The 
prognosis  is  inevitably  death.  Even  surgical  intervention  apparently 
yields  but  poor  results,  so  far  as  the  final  result  is  concerned.  Libman 
warns  against  operation  in  cases  of  lymphosarcoma  with  extensive 
metastases,  even  for  the  purpose  of  exploration,  since  the  fatal  result  may 
be  hastened  in  that  way.  Arsenic  has  been  recommended  by  some 
writers. 

THE  COLON. 

Dilatation  of  the  Colon. — Congenital  dilatation  of  the  colon  is 
also  known  as  Hirschsprung's  disease,  in  recognition  of  his  having  first 
studied  it.  The  explanations  of  the  dilatation  are  variable.  Noth- 
nagel  and  Concetti  speak  of  a  congenital  weakness  or  partial  defect  of 
the  muscularis  in  the  lower  section  of  the  bowel  with  secondary  hyper- 
trophy of  the  upper  part.  Mya  considers  the  disease  a  simple  congenital 
hypertrophy  and  dilatation  (megalocolon). 

The  disease  is  usually  observed  in  young  infants  brought  to  the  phy- 
sician on  account  of  obstipation.     Days  and  weeks  pass  without  move- 
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ments  of  the  bowels  and  quantities  of  hardened  feces  are  found.  The 
children,  usually  boys,  are  often  in  a  condition  of  extreme  debility;  the 
abdomen  is  usually  distended;  as  a  rule,  the  enlaiiged  loops  of  intestine 
can  be  demonstrated  by  palpation  and  percussion,  while  exaggerated 
peristalsis  can  frequently  be  seen.  The  diaphragm  is  elevated  by  pres- 
sure. Escherich  noticed  undue  mobility  of  liver,  spleen,  and  kidneys. 
The  finger  introduced  into  the  bowel  demonstrates  the  ampulla  to  be 
empty.  If  a  tube  is  introduced  into  the  bowel,  the  gas  is  allowed  to 
escape,  when,  as  a  rule,  it  may  be  found  that  a  large  dilated  part  of  the 
intestine  can  be  palpated  through  the  abdominal  wall,  usually  in  the 
right  hypochondrium.     The  sphincter  is  usually  in  a  state  of  contraction. 

The  treatment  is  medical  except  in  so  far  as  the  relief  of  malformations 
is  concerned.  Resection  of  the  large  intestine  has  been  proposed  by 
Fenwick.  The  establishment  of  an  artificial  anus  has  been  suggested. 
It  is  not  probable  that  either  of  these  severe  operations  will  be  required 
except  in  the  rarest  instances. 

Carcinoma  of  the  Colon. — Carcinomata,  infiltrating,  medullary, 
and  scirrhus,  occur  in  the  colon,  for  the  most  part  after  middle  age, 
though  occasionally  seen  in  the  fourth  decade  and  rarely  below  the  age 
of  thirty.  While  the  sigmoid  is  the  most  frequent  seat  of  the  disease, 
it  occurs  at  the  two  flexures  in  the  descending  colon,  and  finally  in  its 
transverse  and  ascending  part.  The  scirrhus  type  is  naturally  of  slow 
growth  and  frequently  leads  to  early  stenosis,  making  the  disease  recog- 
nizable at  a  stage  in  which  operation  can  be  rather  satisfactorily  per- 
formed. Above  the  point  of  constriction  hypertrophy  of  the  intestinal 
wall  occurs  if  stenosis  has  taken  place  to  such  a  degree  as  to  require 
additional  force  to  drive  the  fecal  matter  through  the  narrow  opening. 
When  the  hypertrophy  becomes  insufficient,  dilatation  results,  and  ulcera- 
tion may  occur  in  the  injured  bowel. 

The  more  massive  carcinomata  may  give  rise  to  the  same  morbid 
anatomic  changes,  but  as  their  structure  is  softer,  and  as  they  have  a  great 
vascularity,  ulceration  and  bleeding  can  occur  in  the  part  affected  by  the 
tumor  as  well  as  above. 

The  prognosis  as  to  length  of  life  in  carcinoma  of  the  colon  is  better 
than  that  attending  cancerous  disease  in  any  other  part  of  the  tube. 

Symptoms. — These  growths  give  rise  to  the  symptoms  which  are 
dependent  upon  the  progress  of  the  neoplasm  in  the  tissues  of  the  affected 
organ,  to  those  which  are  dependent  upon  obstruction  of  the  lumen  of 
the  bowel,  to  those  that  may  be  referred  to  metastases  in  glands  or  distant 
organs,  and  to  those  which  are  brought  about  by  adhesion  and  ingrowth 
into  neighboring  structures. 

As  a  rule,  it  is  long  before  the  mere  growth  of  a  carcinoma  in  the  wall 
of  the  colon  causes  pain  enough  to  drive  the  patient  to  the  physician. 
Yet  these  carcinomata  can  give  rise  to  some  disturbance  as  the  mere 
result  of  invasion  of  the  bowel  wall. 

As  a  rule,  symptoms  are  first  observed  w^hen  ulceration  with  diarrhea, 
persistent  fetid  discharge,  and  hemorrhage  are  observed.  These  symp- 
toms often  excite  the  patient's  fear  of  cancer.    The  ulcerative  symptoms 
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may  be  serious  and  the  hemorrhages  may  be  severe,  but  this  is  not 
usually  the  case  unless  the  canalization  of  the  organ  is  affected. 

When  constriction  has  begun  to  occur,  we  may  have  the  classic  symp- 
toms of  chronic  intestinal  stenosis,  or  if  the  narrow  opening  left  by  the 
advancing  disease  is  suddenly  occluded  by  some  fecal  mass  or  some  foreign 
body,  such  as  a  fruit-stone,  we  may  have  acute  intestinal  obstruction. 

Treatment. — The  importance  of  obtaining  an  operative  field  com- 
paratively or  altogether  free  from  the  highly  infectious  contents  of  the 
large  intestine  has  long  been  recognized.  A  preliminary  colostomy  has 
been  frequently  performed  with  great  advantage. 

Schlofler^  proposes  the  resection  of  carcinomata  of  the  large  intes- 
tines in  three  tempos.  At  the  first  sitting  a  colostomy  is  performed, 
causing  the  fecal  matter  to  be  discharged  upon  the  skin  at  a  point  well 
above  the  site  of  the  carcinoma.  At  the  second  operation  the  excision 
itself  is  practised  and  the  field  of  operation  thoroughly  drained.  At 
the  third  sitting  the  fecal  fistula  is  done  away  with  and  the  continuity 
of  the  bowel  restored. 

This  method  of  operating,  though  very  trj^ing  to  the  patient,  yields 
excellent  results,  the  mortality  having  been  reduced  from  43  per  cent. 
(Czemy,  v.  Mikulicz)  to  zero  in  seven  cases  operated  on  in  the  Wolffler 
clinic  and  20  per  cent,  in  five  cases  operated  upon  recently  in  the  Czemy 
clinic. 

DuvaP  describes  three  varieties  of  carcinoma  of  the  sigmoid  flexure 
according  to  their  seat:  (1)  ileopelvic;  (2)  sigmoid;  (3)  rectosigmoid; 
according  as  the  tumor  belongs  to  the  uppermost,  the  middle,  or  the 
lower  section  of  the  sigmoid.  To  these  may  be  added  as  a  fourth  variety 
the  diffuse  carcinomata  located  above  the  entire  flexure. 

Anatomy  of  the  Splenic  Flexure.— The  situation  of  the  splenic 
flexure  is  such  that  it  lies  behind  the  body  of  the  stomach,  in  front  of 
the  left  kidney,  and  reaches  the  basal  surface  of  the  spleen. 

The  splenic  flexure  may  be  in  a  certain  sense  lacking;  that  is,  the 
transverse  colon  may  run  from  it«  point  of  fixation  on  the  right  and 
above  more  or  less  directly  toward  the  left  and  downward.  That  portion 
of  the  intestine  corresponding  to  the  splenic  flexure  then  comes  to  lie 
below  the  border  of  the  ribs,  even  in  the  region  of  the  umbilicus.  Cursch- 
mann  was  the  first  to  call  attention  to  this  unusual  condition  of  things. 

A  false  splenic  flexure  may  be  produced  by  a  part  of  the  left  half  of 
the  transverse  colon  bending  downward  in  front  of  the  actual  point  of 
flexion  of  the  splenic  part  of  the  colon.  It  is  characterized  by  the 
absence  of  the  suspensory  ligament. 

According  to  Madelung,*  the  lymphatic  vessels  and  glands  of  the 
splenic  flexure  are  so  related  that  the  conditions  for  the  spread  of  carcinoma 
are  not  favorable,  a  great  difference  in  this  respect  being  obser\'ed  be- 
tween the  splenic  flexure  and  the  cecal  and  colonic  parts  of  the  large 
intestine. 

Inflammation  and  Wounds  of  the  Splenic  Flexure.— The  splenic 
flexure  is  subject  to  inflammation,  the  disease  beginning  both  externally 
and  internally  to  the  tube. 
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Inflammation  outside  the  splenic  flexure  may  lead  to  abscess  forma- 
tion about  the  tube. 

Scar  contraction  may  take  place  by  the  gradual  shortening  of  extra- 
intestinal inflammatory  masses  and  by  the  shrinking  of  new-formed 
connective  tissue  due  to  ulceration  in  the  bowel. 

Nothnagel  has  called  attention  to  a  case  in  which  stricture  occurred 
in  the  region  of  the  splenic  flexure  after  dysentery.  When  Billroth 
operated  on  this  case,  he  found  the  stricture,  and  in  addition  a  carcinoma 
which  had  developed  in  the  scar. 

Typhoid  fever,  intestinal  tuberculosis,  and  intestinal  syphilis  may 
give  rise  to  such  strictures. 

Only  a  few  penetrating  injuries  of  this  part  of  the  bowel  have  been 
found  by  Madelung  in  the  literature,  where  the  spleen  was  injured  in 
seventy-one  cases  of  gunshot  wounds  and  seventeen  of  punctured  wounds, 
the  splenic  flexure  was  simultaneously  injured  only  once.  A  case 
is  cited  in  which  the  liver  was  simultaneously  injured,  and  another 
where  the  left  kidney  was  perforated  by  a  gunshot  wound  at  the  same 
time. 

Neoplasms  of  the  Splenic  Flexure.— Non-malignant  neoplasms  of 
the  splenic  flexure  have  rarely  been  noted  (Madelung).  Even  mucous 
polypi  are  rare  in  this  part  of  the  bowel,  though,  of  course,  when  general 
polyposis  of  the  colon  has  occurred  the  splenic  flexure  has  taken  part  in 
the  process. 

In  his  search  of  the  literature  Madelung  was  not  able  to  find  a  case  of 
sarcoma  in  this  part  of  the  intestine. 

The  carcinomata  are,  however,  not  so  rare,  ninety-three  cases  having 
been  collected  by  him.  In  addition  to  this  number  he  observed  seven 
cases  himself,  making  a  total  of  one  hundred. 

All  the  cases  were  of  the  cylindric-celled  variety,  almost  all  being 
scirrhus.  In  only  one  case  was  the  cancer  described  as  extremely  soft, 
vascular,  and  hemorrhagic.     Five  cases  showed  colloid  degeneration. 

Very  frequently  the  carcinomata  of  the  splenic  flexure  led  to  circular 
constriction  of  the  bowel.  Above  the  stricture  the  usual  lesions  due  to 
accumulation  of  feces,  ulceration,  and  catarrh  are  observed. 

Adhesions  to  neighboring  parts,  such  as  the  stomach,  spleen,  left 
kidney,  large  omentum,  parietal  peritoneum,  small  intestine,  lower  end 
of  the  duodenum,  or  the  tail  of  the  pancreas,  may  occur,  though,  as 
Madelung  remarks,  it  is  still  more  striking  that  such  adhesions  are  some- 
times absent. 

Rupture  of  the  carcinomatous  colon  into  the  neighboring  hollow 
organs  may  occur.  The  stomach  and  small  intestine  are  mentioned  in 
this  connection. 

Circumscribed  intraperitoneal  abscesses  were  occasionally  obser\'ed 
about  such  carcinomata.  Diffuse  purulent  peritonitis  occurred  in  only 
a  few  cases.  Metastases  occurred  only  rarely,  even  in  the  neighboring 
lymphatic  glands. 

The  clinical  course  of  these  cancers  is  the  more  difficult  to  study 
because  of  the  impossibility  of  recognizing  the  disease  in  its  incipiency. 
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The  cause  of  the  carcinomatous  change  is,  as  usual,  difficult  to  fix. 
Antecedent  ulceration,  cholera  and  dysentery,  and  long-standing  obsti- 
pation are  occasionally  mentioned.  In  rare  cases  the  course  of  the  disease 
is  run  without  much  disturbance  of  the  bowel  function,  the  patients  losing 
weight,  becoming  anemic  and  cachectic.  On  the  other  hand,  patients 
in  good  general  health  may  be  suddenly  seized  with  symptoms  of  intes- 
tinal occlusion,  death  may  ensue,  and  the  post-mortem  show  an  advanced 
carcinoma  as  the  cause  of  the  obstruction. 

As  a  rule,  it  is  intestinal  symptoms  that  first  call  attention  to  the 
disease.  Abdominal  discomfort  may  gradually  call  attention  to  the 
affected  part,  though  often  sudden  pain  is  the  first  sign.  This  pain  is 
not  unusually  provoked  by  violent  physical  activity.  Loss  of  appetite, 
diarrhea,  and  occasional  attacks  of  colic  are  common  symptoms. 

The  demonstration  of  a  carcinoma  of  the  splenic  flexure  by  palpation 
through  the  abdominal  walls  is,  as  a  rule,  impossible,  even  with  the  aid 
of  narcosis,  on  account  of  the  position  and  fixation  of  the  part.  The 
exceptions  apply  almost  exclusively  to  tumors  so  large  as  to  be  no 
longer  operable.  It  should,  therefore,  be  the  aim  of  the  practitioner  to 
reach  a  basis  for  action  without  waiting  for  the  discovery  of  a  palpable 
mass. 

Some  have  endeavored  to  base  the  diagnosis  upon  a  study  of  Noth- 
nagel's  Darmsteiffung  (intestinal  hardening  or  stiffening)  symptom,  but 
Madelung  has  never  been  able  to  find  this  symptom  or  anything  even 
approximately  like  it. 

Distention  of  the  colon  with  air  has  also  been  of  slight  value. 

The  discharge  of  blood  from  the  bowel  is  of  less  diagnostic  value 
because  it  rarely  occurs  without  extensive  ulceration. 

It  is  a  curious  fact  that  the  recognition  of  carcinoma  of  the  splenic 
flexure,  even  after  laparotomy  has  been  made,  may  be  very  difficult 
when  the  tumor  is  comparatively  small,  on  account  of  the  fixation  of 
the  part  to  the  posterior  abdominal  wall.  Careful  palpation  must  be 
depended  upon  to  recognize  the  tumor,  which  may  be  small  and  retracted 
toward  the  posterior  wall  of  the  abdomen. 

The  termination  of  these  carcinomata  is  often  by  obstruction  of  the 
bowel,  but  may  be  by  perforation  into  neighboring  structures  or  cavities, 
or  by  exhaustion. 

Treatment. — The  treatment  of  these  carcinomata  must,  for  the  most 
part,  be  surgical. 

Of  the  one  hundred  cases  studied  by  Madelung,  forty-nine  were  oper- 
ated upon  in  a  palliative  way.  Enterostomy  was  performed  in  twenty- 
six  cases,  in  twenty-four  of  which  intestinal  occlusion  had  occurred.  It 
was  seldom  that  life  was  very  much  prolonged. 

Entero-anastomosis  was  done  twelve  times,  but  without  very  much 
benefit  to  the  patient.  Of  the  six  patients  who  survived  the  operation, 
one  lived  six  months  and  one  a  year,  while  two  were  living  at  the  expira- 
tion of  two  and  three  months  after  operation. 

Resection  was  carried  out  thirty-four  times  with  twenty  operative  re- 
coveries.   One  patient  died  seven  months  after  operation,  four  others  lived 
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and  were  well  after  respectively  one  and  one-half  months,  two  and  one- 
half  months,  five  months,  and  nine  months,  and  three  two  years  after 
operation.  In  six  cases  permanent  cure  was  apparently  obtained,  the 
patients  having  remained  well  for  more  than  three  years. 

Madelung  draws  the  important  conclusion  from  the  study  of  these 
cases  that  it  is  an  established  fact  that  carcinoma  of  the  splenic  flexure 
is  curable  by  intestinal  resection,  even  in  advanced  stages  of  the  disease. 
We  are  encouraged  to  think  that  future  results  will  be  even  better  than 
those  already  attained  by  the  fact  already  mentioned  that  in  the  post- 
mortem examinations  recorded  metastases  in  the  liver  were  rare,  and  in 
some  other  distant  organs  were  not  observed  at  all,  while  regional  ex- 
tension to  lymphatic  vessels  and  glands  was  but  slight  and  pronouncedly 
tardy. 

The  method  of  operating  in  three  tempos  is  considered  by  Madelung 
the  most  applicable  to  this  disease. 

Appendicostomy. — Gilson  suggested  that  in  amebic  dysentery  when 
the  common  internal  treatment  fails,  and  when  the  patient  is  not  too 
much  reduced  in  strength,  irrigation  of  the  large  intestine  may  be  under- 
taken from  a  fistula  of  the  cecum.  Weir  suggested  that  it  might  be  done 
through  an  appendicostomy  opening.  Curl*®  prefers  the  cecal  fistula  on 
account  of  the  difficulty  of  closing  the  appendicostomy  fistula  when  its 
usefulness  is  over.  He  recommends  an  opening  so  small  that  only  a  large 
soft  catheter  can  find  entrance.  In  eleven  cases  treated  in  this  manner 
eight  showed  a  favorable  result,  under  irrigations  with  quinin  solution. 
(See  p.  720.) 

Inflammation  of  the  Mesocolon.— One  of  the  causes  of  vol- 
vulus recognized  by  many  writers  is  inflammation  of  the  mesentery 
or  of  the  mesocolon.  Emil  Ries  has  discussed  mesosigmoiditis  in  its 
relation  to  recurrent  volvulus  of  the  sigmoid  very  clearly.  It  is  w'ell 
known  that  shortening  of  the  mesosigmoid  increases  the  danger  of  volvu- 
lus resulting  from  gangrene.  White  strips  of  scar  tissue  have  been  ob- 
served in  the  mesosigmoid,  and  the  retraction  which  follows  upon  the 
formation  of  this  scar  tissue  is  an  important  factor  in  the  complication 
of  the  course  of  volvulus;  not  only  is  the  mesosigmoid  shorter,  but  also 
its  blood-vessels  are  interfered  with  to  such  a  degree  that  a  very  slight 
twist  of  the  intestines  may  lead  to  rapid  gangrene  and  perforation.  In 
some  cases  the  symptoms  of  volvulus  of  the  sigmoid  have  been  presented 
where  no  real  twists  of  the  bow^el  have  occurred,  but  only  a  pronounced 
mesosigmoiditis  was  present.  The  shrinking  of  the  mesosigmoid  shut 
off  the  fecal  current  as  well  as  the  blood  circulation. 

Graser  met  with  diverticula  of  the  sigmoid  w-hich  seemed  to  be  the 
seat  of  the  infection  bringing  about  mesosigmoiditis.  Ries  considers 
that  the  ulceration  of  the  diverticula  constitutes  the  most  important 
pc3sitive  factor  in  mesosigmoiditis. 

Charles  M.  Matter*'  has  presented  a  most  interesting  case  of  locahzed 
inflammation  of  the  sigmoid. 

He  states  that  the  most  prominent  predisposing  factor  in  sigmoiditis 
is  constipation.     The  long-continued  presence  of  hardened  fecal  matter 
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in  the  large  bowel  often  gives  rise  to  ulceration  and  deep-seated  infection. 
Matter's  case  is  as  follows: 

'*An  old  lady  seventy-eight  years  of  age  had  been  suffering  with 
severe  abdominal  pain  for  four  or  five  days  previous  to  the  day  that  I 
first  saw  her.  The  onset  was  acute,  with  diffuse  colicky  and  burning  pains 
in  the  abdomen,  which,  at  the  end  of  about  two  days,  had  localized  them- 
selves in  the  lower  left  quadrant.  The  pains  at  times  would  assume  an 
expulsive  character,  associated  with  tenesmus.  She  had  vomited  once 
about  two  days  previous  to  the  time  I  first  saw  her,  but  not  since.  She 
was  troubled  greatly  with  expulsion  of  gas  from  the  stomach  and  bowel. 
The  bowels  had  moved  once  by  enema. 

"  She  had  been  constipated  for  some  years,  and  during  the  last  six 
months  had  occasional  attacks  of  diarrhea,  but  no  passage  of  blood  or 
pus  at  any  time. 

"  Present  status.  Small,  anemic  woman.  Head  negative.  Moderate 
arteriosclerosis.     Lungs  practically  normal. 

"Abdomen:  Somewhat  distended;  no  peristaltic  waves  visible; 
no  tenderness  or  rigidity,  except  in  left  lower  quadrant,  where  a  very 
tender, broad,  elongated,  smooth,  resistant,  sausage-shaped  swelling  was 
noticed,  extending  from  about  the  level  of  the  navel  in  the  left  mid- 
axillary  line  downward  and  inward  to  the  middle  of  Poupart  s  ligament. 
On  percussion,  flat  tympany,  no  gurgling,  no  peritoneal  friction  were 
noticed.  Liver:  Edge  palpable;  otherwise  negative.  Rectum  and 
vagina:  Negative. 

"Careful  examination  revealed  no  palpable  evidence  of  carcinoma 
at  the  time,  nor  has  it  since  then.  Because  of  the  patient  being  at  home, 
and  not  having  ver>'  good  or  intelligent  help,  I  could  get  the  temperature 
only  when  I  made  my  visits.  Temperature:  First  day,  2  p.  m.,  100i°  F.; 
second  day,  6  p.  m.,  IW  F.;  third  day,  4  p.  m.,  99°  F. 

"The  tumor  mass  persisted  for  about  a  week,  and  then  gradually 
b^an  to  get  smaller,  and  simultaneously  the  pain  and  local  tenderness 
diminished. 

"The  bowel  movements,  which  could  be  obtained  only  by  enema, 
consisted  chiefly  of  mucus,  with  but  little  feces.  No  blood  or  pus  at  any 
time.  There  was  practical  recovery  about  ten  days  after  the  day  I  first 
saw  her.     Since  then  she  has  remained  in  good  health.'' 

Treatment. — When  volvulus  is  recurrent  and  when  the  cause  of  the 
recurrence  is  partly  the  retraction  of  the  mesosigmoid,  some  operative 
treatment  should  be  applied  in  order  to  prevent  a  recurrence  of  the  twist. 
Ries  states  that  in  canning  out  Roux's  suggestion  of  attaching  the  sig- 
moid to  the  abdominal  wall,  it  is  best  to  apply  the  mesosigmoid  to  the 
anterior  wall  rather  than  to  the  posterior  to  avoid  injury  to  the  ureter 
and  iliac  vessels.  Riedel's  method  of  dissecting  out  the  scar  tissue  in  the 
mesosigmoid  was  not  favored  by  Ries  because  he  thinks  other  scars 
would  take  the  place  of  those  removed.  He  would  reserve  the  resection 
of  the  sigmoid  for  those  cases  of  mesosigmoiditis  where  the  shrinking 
is  ver>'  pronounced  or  is  complicated  by  irreparable  changes  in  the  sub- 
stance of  the  bowel. 
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THE  CECUM. 

Actinomycosis  of  the  Cecum. — Actinomycosis  of  the  cecum  has 
been  studied  in  seven  cases  by  Waring,  who,  contrary  to  the  usual 
opinion,  holds  that  the  primary  seat  of  the  disease  may  be  the  colon 
itself  as  well  as  the  appendix.  The  diagnosis  rests  upon  the  slowness 
of  the  course,  the  hardness  of  the  tumefaction,  the  infiltration  of  the 
abdominal  wall,  and,  finally,  the  formation  of  abscesses  with  dischai^ge 
of  pus  containing  the  characteristic  actinomyces. 

It  is  usually  impossible  to  remove  by  operation  all  the  diseased  tissue 
on  account  of  the  diffuse  infiltration,  and  Waring  recommends  incision 
with  emptjring  of  the  abscess,  curettage,  drainage,  repeated  irrigations 
with  peroxid  solutions,  and  the  simultaneous  administration  of  potassium 


Fig.  381. — Hypertrophic  Tuberculosis  or  thb  Cecum  (Hartmann) 


iodid.  Four  of  Waring's  cases  recovered,  three  died.  The  deaths  oc- 
curred in  patients  in  whom  in  the  course  of  the  disease  pyemic  symptoms 
had  supervened. 

Tuberculosis  of  the  Cecum. — The  most  comprehensive  and  valuable 
article  we  have  on  the  subject  of  tuberculosis  at  the  ileocecal  valve  is 
that  of  Hartmann,  the  substance  of  which  was  presented  in  December, 
1906,  before  the  Medical  Society  of  London.** 

Czemy,  Durante,  Billroth,  and  Pitha  and  Hartmann  have  given 
especial  attention  to  this  subject. 

Fenwick  and  Dodwell  note  that  85  per  cent,  of  cases  of  intestinal 
tuberculosis  involve  the  ileocecal  region,  which  is  the  sole  seat  of  the 
disease  in  6  to  10  per  cent,  of  the  cases. 
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The  etiology  of  the  disease  contains  many  points  corresponding  to 
the  etiology  of  tuberculosis  in  other  parts  of  the  body.  It  involves  the 
two  sexes  with  equal  frequency.  It  attacks  chiefly  those  of  from  twenty 
to  forty  years  of  age,  although  Guinon  and  Pater  have  recently  published 
a  case  occurring  in  a  child  four  years  old.  Other  tuberculous  lesions  may 
be  present  in  the  same  individual,  but,  as  a  rule,  these  lesions  are  but 
little  advanced,  and  are  sometimes  wholly  lacking. 

It  seems  probable  that  the  infection  gains  entry  with  the  ingesta,  and 
that  the  localization  at  the  cecum  may  be  due  to  the  stagnation  of  the 
bowel  contents  at  that  point. 

The  morbid  anatomy  is  described  as  including  two  forms,  the  ulcero- 
caseous  and  the  hypertrophic  form. 

In  the  first  of  these  the  cecum  may  be  alone  involved,  but  this  is  the 
exception,  the  inflanmiation,  as  a  rule,  occupying  at  the  same  time 
the  end  of  the  ileum, 
which,  like  the  cecum, 
is  eroded  by  ulceration. 
The  appendix  is  often 
destroyed.  The  ileo- 
cecal region  is  filled 
with  a  mass  of  adhe- 
sions with  disseminated 
gas -containing  spaces, 
and  even  tuberculous 
caverns  with  purulent 
contents  sometimes 
communicating  with  the 
intestinal  canal.  Pyo- 
stercoral  fistulas  may 
form,  discharging  upon 
the  skin,  opening  into 
the  iliac  fossa,  but 
often  at  the  umbiUcus 
in  the  lumbar  r^on, 
etc. 

The  second  or  hypertrophic  form  was  described  in  1891  by  Hartmann 
and  PiUiet  under  the  name  of  tuberculous  typhlitis  simulating  neoplasm, 
and  is  the  most  important  one  for  the  surgeon  to  study.  It  is  almost 
always  limited  to  the  cecum,  only  exceptionally  involving  the  ileum,  and 
then  at  a  late  period  impUcating  the  lower  part  of  the  organ.  The  ulcera- 
tion may  destroy  the  ileocecal  valve  and  extend  to  the  adjacent  ileum, 
but  the  hypertrophic  part  remains  limited  to  the  cecum.  The  extension 
is  by  a  descending  process.  Hartmann  refers  to  a  case  in  which  the  lesions 
left  free  the  terminal  part  of  the  ileum  and  extended  to  the  whole  ascending 
colon,  embracing  even  the  hepatic  flexure.  Externally  the  cecum  appears 
increased  in  volume,  more  or  less  movable  from  the  iliac  fossa,  and  en- 
veloped in  a  sclero-adipose  mass  that*  may  have  an  extent  of  3  or  4  cm. 

"  This  sclero-lipomatous  mass,  comparable  to  that  which  one  observes 


Fig.  382. — Epithelioma  of  Cecum   (Hartmann). 
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about  a  kidney  subject  to  chronic  pyelitis,  is  the  manifestation  of  a  chronic 
inflammatory  process.  It  may  extend  to  a  point  in  front  of  the  vertebral 
column,  and  contain  in  its  interior  lymphatic  glands.  The  hypertrophy 
of  lymphatic  glands  is  constant  in  cecal  tuberculosis,  and  more  voluminous 
than  that  which  one  observes  in  cancerous  tumors.'' 

The  retraction  of  this  inflammatory^  tissue  may  raise  the  colon  and 
cecum  to  a  height.  A  variety  of  deformities  of  the  tube  take  place  corre- 
sponding to  the  contractions  of  the  scar  tissue.  Stricture  formation  is 
likely  also  to  occur,  though,  as  a  rule,  the  index-finger  will  pass  the  partial 
obstruction.     Occasionally  dilatation  occurs  above  the  diseased  parts. 

Vegetations  and  even 
polypoid  masses  may  be 
formed  within  the  intes- 
tines. Microscopically, 
tubercles  are  to  be  seen  in 
various  stages  of  activity 
or  degeneration.  Ulcers 
and  polypi  show  the  char- 
acteristic minute  anatomy. 
The  symptoms  pro- 
duced by  the  enteroperi- 
toneal  form  are  frequently 
similar  to  those  produced 
by  chronic  appendicitis. 
The  patient  often  suffers 
with  diarrhea,  the  stools 
being  abundant  and 
bloody;  later  he  complains 
of  painful  crises  affecting 
the  right  iliac  fossa.  Such 
crises  may  be  the  first 
symptom  of  the  disease, 
and  may  simulate  appen- 
dicitis, especially  as  a  tu- 
mefaction is  to  be  felt  in 
the  appendiceal  region. 
The  inflammation  extends 
over  the  internal  iliac  fossa  toward  the  median  line,  becoming  some- 
times accessible  to  pelvic  examination.  A  suppuration  of  slow  progress 
then  occurs,  and  external  openings  may  form,  with  numerous  fistulas. 
Naturally  such  abscesses  may  discharge  into  the  bowel.  It  is  only 
exceptionally  that  suppuration  into  the  free  peritoneal  cavity  brings 
about  a  lethal  termination. 

The  hypertrophic  form  is  by  far  the  most  frequent,  and  begins  insid- 
iously, with  loss  of  appetite,  impaired  digestion,  and  vague  disagreeable 
sensations  in  the  right  iliac  fossa.  For  months  the  conditions  remain 
the  same,  improving  temporarily 'at  times  under  treatment.  Diarrhea 
and  constipation  are  then  Hkely  to  ensue,  with  colicky  crises  coming  on 
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principally  two  or  three  hours  after  eating,  with  local  meteorism,  noises, 
and  intestinal  bruits.  In  other  cases  the  signs  of  intestinal  stenosis 
are  less  marked,  or  even  completely  lacking,  the  principal  symptom 
remaining  the  slight  painful  crises.  In  the  presence  of  these  symptoms 
examination  of  the  right  iliac  fossa  reveals  a  mass  which  can  be  seen  as 
well  as  felt.  The  tumefaction  is  hard,  somewhat  nodular,  of  elongated 
form,  corresponding  to  the  axis  of  the  cecum,  more  or  less  mobile,  this 
mobility  being  freer  transversely  than  vertically.  The  tumor,  limited 
by  a  rounded  contour,  is  more  difficult  to  circumscribe  at  the  level  of  the 
upper  part,  which  is  a  continuation  of  the  colon.  It  is  indolent  or 
only  slightly  sensitive  to  pressure.     Sometimes  the  tumor,  in  place  of 


Fig.    384. — Tdbercclosis   of   the   Cecum   with    Considerable   Sclero- adipose   Thickening 

(Hartmann). 


occupying  the  normal  situation,  is  placed  as  high  as  the  level  of  the  upper 
part  of  the  iliac  fossa.  To  percussion  the  cecal  tumor  does  not  give 
the  normal  resonance  of  the  bowels.  The  evolution  of  tuberculosis 
at  the  ileocecal  valve  may  be  very  slow,  the  tardiness  of  development 
being  favored  by  freedom  from  involvement  of  the  lungs  and  other 
organs.  Little  by  little,  however,  the  patient  becomes  weaker,  the 
difficulties  attending  obstruction  increase,  and  the  general  condition 
becomes  worse.  The  enteroperitoneal  form  of  the  disease  may  succeed 
the  simpler  form  already  described.  Tlie  disease  in  any  case  almost 
invariably  progresses  slowly  to  a  fatal  termination. 

Though  very  difficult  to  fix,  the  duration  of  the  malady  is  usually 
two  and  a  half  to  three  years.    The  difficulty  in  determining  the  length 
VOL.  iv^-45 
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of  this  period  is  dependent  upon  our  inability  to  decide  just  when  tuber- 
culosis of  the  cecum  itself  begins. 

The  diagnosis  involves  a  distinction  between  tuberculosis  of  the  cecum 
and  appendicitis.  But  the  absence  of  the  acute  symptoms  of  appendicitis, 
of  resolution  of  the  indurated  mass,  the  concomitant  diarrhea,  and  the 
frequent  coexistence  of  pulmonary  tuberculosis  may  point  the  way  to  a 
correct  conclusion.  Naturally  one  would  search  for  the  tubercle  bacillus 
in  the  discharges  from  the  pyostercoral  fistula. 

Actinomycosis  sometimes  is  to  be  suspected,  especially  if  woody 
induration  of  the  iUac  fossa  is  present.  When  fistulas  are  present,  they 
are  recognized  as  pertaining  to  an  actinomycotic  process  by  the  dis- 


Fio.  385. — Tuberculosis  or  the  Cecum  with  Polypoid  Projections  (Uartmann). 


charge  of  yellowish  granules  which  are  recognizable  under  the  microscope 
as  actinomyces. 

Fistulas  coming  from  inflammations  of  bone  are  to  be  excluded  by 
following  well-known  rules. 

It  is  the  distinction  between  the  hypertrophic  form  and  malignant 
neoplasms  of  this  region  which  gives  rise  to  the  greatest  diagnostic  diflfi- 
culties.  Attention  to  this  fact  was  drawTi  by  Hartmann  and  Pilliet 
in  1891,  when  they  published  a  note  upon  a  variety  of  tuberculous  typh- 
litis simulating  cancers  in  this  region.  In  neoplasms  the  signs  of  steno- 
sis, as  a  rule,  run  a  more  rapid  course.  The  tumor  has  less  the  form 
of  the  cecum  than  is  the  case  with  tuberculosis,  which,  infiltrating  the 
wall  of  the  bowel,  preserv^es  its  form  to  some  extent.  The  reaction  to 
tuberculin  has  not  often  been  successfully  used.     The  search  for  tubercle 
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bacilli  in  the  feces  Hartmann  coDsiders  illusory,  since  they  are  found 
only  in  the  ulcerated  form.  Fortunately,  the  treatment  for  both  dis- 
eases is  the  same,  and  a  distinction  before  operation  is  not  absolutely 
essential. 

The  treatment  of  this  disease  is  strictly  surgical,  extirpation  being 
the  ideal  method  of  attack.  The  results  have  been  fairly  favorable. 
Of  229  cases  operated  upon,  46  died.  Statistics,  however,  are  here 
somewhat  unsatisfactory.  Before  the  year  1900  Hartmann  finds  73 
cases  with  22  deaths,  or 
30  per  cent.  After  1900, 
58  cases  with  7  deaths. 
Hartmann  himself  has 
made  7  resections  for  tu- 
berculosis, with  1  death. 
The  5  cases  which  he 
had  operated  upon  since 
1900  have  all  recovered. 
He  thinks  that  the  gen- 
eral mortaUty  will  con- 
tinue to  be  lowered,  and 
that  in  the  future  the 
percentage  of  recoveries 
will  be  much  larger.  This 
result  is  especially  to  be 
desired,  since  without 
operation  the  disease 
seems  to  be  hopeless. 
The  cure  seems  to  be  not 
only  temporar}%  but  per- 
manent, as  enough  cases 
have  been  observed  for 
several  years  to  justify 
this  conclusion. 

The  ingenious  mode 
of  procedure  which  has 
been  used  by  Hartmann 
is  well  illustrated  by  his 
figures,  a  new  anatomic 

arrangement  of  ileum  and  cecum  being  provided  for,  closely  simulating 
the  original  normal  structures. 

When  ulceration  or  stenosis  with  its  associated  incomplete  emptying 
of  the  bowel  has  long  been  in  existence,  the  patient  is  likely  to  lose  rather 
rapidly  in  weight  and  strength. 

At  this  time  the  abdon^nal  wall  is  likely  to  be  raised  by  the  distended 
intestines,  the  entire  abdomen  often  being  inflated.  The  circimiscribed 
character  of  the  meteorism  has  often  been  noticed.  It  is  due,  of  course, 
to  excessive  accumulation  of  gas  and  fluid  above,  and  more  or  less  close 
to,  the  point  of  obstruction. 


Fio.   386. — Section    op   Non-dlcerativb   Cecal   Tuber- 
culosis (Hartmann). 

m,  Mucosa;    •*»,  submucosa;    muse,  miuoularis; 


708  SURGERY   OF  THE   INTESTINES. 

As  a  rule,  the  feces  are  voided  only  infrequently.  The  fecal  masses 
are  frequently  hard  and  rounded.     Pus  and  blood  may  be  present. 

A  tumefaction  may  be  palpated  in  about  40  per  cent,  of  the  cases 
(Treves),  but  on  account  of  the  relative  non-malignancy  of  these  growths, 
the  presence  of  the  tumor  does  not  render  the  prognosis  after  operation 
so  serious  as  is  the  case  when  a  tumor  is  palpable  at  the  pylorus. 

A  curious  symptom  has  been  especially  studied  by  Hollender  and 
Willy  Meyer,**  the  occurrence  of  multiple  capillary  angiomata,  manifold 
small  pigmented  spots,  and  flat  warts  in  the  skin  of  the  abdominal  wall. 
These  changes  do  not  occur  exclusively  in  the  presence  of  colonic  cancer, 
but  may  be  present  in  certain  other  forms  of  abdominal  carcinoma, 
as,  for  example,  carcinoma  of  the  pancreas. 

The  diagnosis  of  these  carcinomas  cannot  well  be  made  without 
famiUarity  with  tumors  of  the  abdomen  in  general.  It  is  necessary, 
first  of  all,  to  get  rid  of  as  much  accumulated  fecal  matter  above 
and  below  the  growth  as  possible.  This  must  be  accomplished  by 
lavage  and  laxatives,  often  to  be  used  for  several  days  before  a  final 
conclusion  is  reached.  Direct  inspection  may  reveal  the  carcinoma 
where  Kelly's  tubular  specula  can  be  used.  These  are  manifestly  not 
available  when  the  disease  lies  above  the  sigmoid  flexure. 

Aside  from  the  symptoms  of  intestinal  stenosis,  the  depression  of 
the  general  system,  and  the  anamnesis,  the  most  important  points  to 
consider  are  the  presence  of  a  tumefaction,  its  location  and  its  mobility. 
Pagenstecher  has  called  attention  to  the  range  of  mobility  of  abdominal 
tumors  and  lays  great  stress  upon  the  ease  with  which  certain  of  the 
colonic  tumors  can  be  moved  about  in  the  abdomen.  The  inflammatory 
disturbances  of  the  colon  are  excluded  by  diagnostic  points  to  be  referred 
to  under  their  appropriate  headings. 

Nothnagel  has  called  attention  to  a  form  of  intestinal  contraction 
which  he  names  Darmsteiffung,  or  intestinal  stiffening.  Willy  Meyer 
distinguishes  between  subjective  and  objective  intestinal  stiffening, 
the  former  being  recognized  only  by  the  patient  as  a  colicky  pain,  the 
latter  being  recognized  by  visible  movements  of  the  intestinal  walls 
as  they  rise  over  one  another  hke  serpents  within  the  abdomen.  The 
illustration  (Fig.  387)  made  in  a  case  of  dynamic  intestinal  obstruction 
illustrates  well  this  visible  contraction.  Sometimes  the  phenomenon  of 
intestinal  stiffening  is  almost  the  sole  symptom  to  call  attention  of  the 
patient  to  the  advancing  disease. 

Tumors  of  other  abdominal  organs  and  structures  may  give  rise  to 
pressure  symptoms  that  may  lead  to  confusion. 

The  non-malignant  tumors  are  also  to  be  excluded,  and  a  discussion 
of  their  diagnostic  relations  has  been  presented  already. 

The  treatment  of  these  tumors  constitutes  one  of  the  most  important 
and  interesting  fields  of  abdominal  surgery.  Their  relative  non-malig- 
nancy makes  their  management  more  gratifying. 

The  symptoms  of  stenosis  not  infrequently  are  the  most  prominent 
phenomena  calling  for  relief.  English  surgeons  are  very  fond  of  colos- 
tomy to  relieve  this  difficulty  and  to  prolong  life  by  preventing  the  irrita- 
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tion  of  the  affected  parts.  Colostomy  may  be  performed  for  the  purpose 
of  temporarily  relieving  the  bowel  of  distention  and  allowing  the  secon- 
dary lesions  to  disappear.  For  this  purpose  intestinal  exclusion,  either 
incomplete  or  complete,  may  be  practised  as  a  preliminary  to  excision. 
At  the  cecum,  however,  it  is  usually  best  to  remove  the  affected  bowel 
at  one  sitting.  This  is  preferably  effected  by  the  method  laid  down 
under  the  heading  Resection  on  p.  722.  The  ends  of  the  remaining  in- 
testine are  closed  by  invagination  sutures,  as  a  lateral  anastomosis  pro- 
vides for  the  fecal  current. 

Mikulicz  describes  a  method  by  which  he  obtained  eleven  recoveries 
in  twelve  operations  which  he  styles  the  Verlagerungs-Methode.  It  con- 
sists in  partial  eventration  of  the  affected  bowel,  ligation  of  its  meso- 


f^G.  387.— General  Peritonitis;    Intestinal  Obstruction;  Excessive  Visible  Pkristalsu. 
My  own  case,  published  previously  by  Bayard  Holmes. 


colon,  including  the  diseased  glands,  and  closure  of  the  wound  about  the 
protruding  bowel  for  from  thirty-six  to  seventy-two  hours,  when  with 
the  Paquelin  cautery  the  diseased  part  is  amputated.  Two  weeks  later 
the  artificial  anus  is  dealt  with  by  the  use  of  Mikulicz's  modification  of 
Dupuytren's  clamp. 

Care  is  to  be  exercised  in  operations  of  this  kind  that  the  patient  shall 
not  lose  his  life  during  or  after  the  operation  by  the  regurgitation  or 
vomiting  of  fluid  and  its  inhalation  in  such  a  way  as  practically  to  cause 
drowning. 

S.  C.  Plummer**  reports  the  following  case  treated  by  the  method 
of  von  Mikulicz: 

Woman,  forty-two  years  old,  married,  mother  of  four  children. 
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The  family  history  was  negative,  except  that  one  sister  died  of  tuber- 
culosis. The  personal  history  included  the  statement  that  eleven  months 
previously  the  patient  suffered  from  what  was  apparently  dysentery. 
Since  that  time  she  had  had  several  attacks  of  partial  intestinal  obstruc- 
tion. In  the  left  iliac  region  could  be  felt  the  bowel,  the  thickened  walls 
of  which  rolled  under  the  examining  finger.  By  vaginal  examination 
a  hard  mass,  palpable  high  up  in  the  pelvis,  was  felt  on  the  left  side,  ap- 
parently having  some  connection  with  the  uterus,  but  rather  freely 
movable.  As  rectal  examination  was  negative,  it  was  thought  that  the 
obstruction  of  the  bowel  was  in  the  lower  part  of  the  sigmoid. 

Laparotomy  was  performed  by  vertical  incision   through  the  left 

^^     ___«-«^^ rectus    muscle,    extending    up- 

^^     ""''^"'"^^^^^^■f^^  ^  '      ward  from  Poupart's  Ugament. 

W  .^^B^^^^^^^^^  ^  ^^^  tumor  was  found  bound 

m         ^^^^B  ^^^^  down  to  the  posterior  abdominal 

"         ^^^^r  ^^       j      wall.     This  tumor  was  about  IJ 

inches  in  diameter,  with  a  well- 
marked  constriction  at  its  mid- 
dle. A  loop  of  the  ileum  which 
was  adherent  was  loosened,  and 
a  slight  thickening  upon  it  was 
removed  with  scissors.  The  left 
Fallopian  tube,  with  its  ovary, 
was  attached  to  the  mass  and 
had  to  be  separated.  The  meso- 
sigmoid  was  now  divided  close 
to  the  abdominal  wall,  having 
first  been  seized  with  forceps. 
Opposite  the  middle  of  the 
mass,  the  mesosigmoid  was  in- 
volved and  much  shortened. 
This  part  w^as  allowed  to  re- 
main attached  to  the  growth 
after  being  separated  from  the 
adjacent  portion  of  the  meso- 
sigmoid. After  ligating  the  cut 
surface  of  the  divided  mesosig- 
moid, the  tumor  could  be  brought  out  through  the  abdominal  wound. 
The  left  tube  and  ovary  were  now  removed.  The  cut  edges  of  the  sound 
mesosigmoid  and  the  adjacent  surfaces  of  the  two  limbs  of  the  loop  in- 
volved leading  up  to  the  tumor  were  now  stitched  together,  except  in 
the  immediate  neighborhood  of  the  tumor.  The  tumor  and  adjacent 
portion  of  the  loop  being  now  held  outside  of  the  abdomen,  the  parietal 
peritoneum  was  stitched  to  the  loop  of  bowel  all  the  way  around,  and 
the  remainder  of  the  peritoneal  incision  closed.  The  fascia  and  skin 
were  then  united,  except  where  the  loop  escaped.  A  longitudinal  incis- 
ion was  now  made  in  the  proximal  portion  of  the  loop,  and  a  glass  tube 
tied  in  by  means  of  a  running  stitch  of  catgut.     A  dressing  was  applied. 


Fxo.  388. — ^Kattsch's  Original  Esophageal 
Narco8I8-tubk  for  thk  Prevention  of 
Fecal  Drowning  (Willy  Meyer). 
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Two  days  later,  under  gas  anesthesia,  the  tumor  was  cut  away  with 
scissors.  Six  days  later  a  large  artery  forceps  was  applied  to  the  spur 
between  the  two  limbs  of  the  bowel.  Two  days  later  it  came  away, 
bringing  the  piece  of  necrotic  tissue  with  it.  The  artificial  anus  pro- 
duced was  closed  later,  the  bowel  having  been  loosened  from  the  sur- 
rounding tissues  and  the  open  ends  sewed  together.  The  patient  made 
an  excellent  recovery. 


INTESTINAL  OPERATIONS. 

Essential  Principles. — There  are  a  few  essential  principles  which 
it  is  necessary  for  the  operator  thoroughly  to  have  mastered  in  order 
successfully  to  carry  out  the  various  manipulations  of  intestinal  surgery. 
These  principles  are  simple,  few  in  number,  easily  grasped,  and  sus- 
ceptible of  application  in  actual  practice  with  means  that  are  at  hand 
under  almost  all  conditions.  Except  under  direst  stress  of  emergency, 
one  should  not  perform  surgical  operations  upon  the  intestines  of  the 
human  subject  without  first  having  studied  the  matter  experimentally 
upon  the  lower  animals.  For  this  purpose  the  intestines  removed  from 
dead  animals  may  be  employed,  though  the  actual  manipulations  upon 
the  living  animal  are  of  greater  value,  since  the  result  of  the  work  can 
be  determined  in  somewhat,  the  same  w^ay  as  would  be  the  case  in  actual 
practice  upon  human  subjects. 

The  ordinary  seamstress'  sewing-needle  with  silk  thread  can  be  used 
in  almost  all  cases  of  intestinal  operations  with  perfect  success  and  with 
a  mortality  as  low  as  that  which  can  be  attained  by  the  use  of  any  mechan- 
ical device,  provided  only  the  operator  has  grasped  the  principles  of  the 
art  and  put  them  in  practice  upon  the  lower  animals. 

Halsted,  of  Baltimore,  long  ago  suggested  a  very  simple  mode  of 
preparing  the  intestinal  needles  required  in  this  work.  Taking  a  sewing- 
needle  of  ordinary  size.  No.  6  to  No.  8,  and  threading  it  with  the  strongest 
available  silk  cut  to  a  length  of  14  inches,  2  inches  being  allowed  for  the 
short  side  and  12  for  the  long,  the  sutures  are  lightly  sewed  into  gauze  or 
a  towel  at  a  distance  from  one  another  of  about  a  quarter  of  an  inch; 
one  or  two  dozen  armed  needles  may  thus  be  sewed  into  one  piece  of 
cloth.  The  cloth  may  then  be  rolled  up  and  placed  in  the  sterilizer  to 
be  removed  and  unrolled  when  required  for  use. 

It  is  often  urged  that  the  operators  do  not  possess  the  requisite  skill 
to  use  the  needle  and  thread.  If  this  is  true,  it  should  be  added  that 
such  a  man  should  not  do  sui^gical  work.  It  is  absolutely  essential, 
whether  one  uses  mechanical  devices  or  not,  that  he  be  skilled  in  the 
application  of  sutures  through  long  practice. 

Preventing  the  escape  of  infectious  fluids  during  the  operation  is 
of  prime  importance.  Kocher  deserves  great  credit  for  showing  that 
long  artery  forceps  may  be  used  for  this  purpose  without  risk  of  gan- 
grene if  only  so  much  pressure  is  applied  as  is  required  to  prevent  the 
escape  of  intestinal  contents.  If  the  edges  of  the  wound  at  the  point 
of  clamping  are  completely  turned  into  the  lumen  of  the  bowel  before 
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the  suturing  is  completed,  the  clamps  may  be  compressed  sufficiently 
to  lock  them  if  this  be  desired.  If  now  we  can  apply  clamps  or  forceps 
to  the  bowel  without  undue  fear  of  gangrene,  it  will  be  seen  that  the 
organs  may  be  handled  so  far  as  is  necessary  with  great  ease  and  without 
excessive  risk  of  leakage  and  the  flooding  of  the  peritoneum. 

Hemorrhage  from  the  incisions  in  the  organ  must  be  carefully  con- 
trolled so  that  bleeding  shall  not  take  place  to  an  excessive  degree,  either 
at  the  moment  of  making  the  incision  or  for  the  next  thirty-six  hours. 
Beneath  the  mucosa  are  lai^ge  veins  and  arteries  which,  lacking  substantial 
support  by  dense  connective  tissue,  can  easily  bleed  into  the  bowel  for 
hours  after  the  operation  is  finished.  To  guard  against  this  it  is  essential 
that  the  deeper  stitches  grasp  all  vessels  that  open  upon  the  wound  sur- 
face in  such  a  way  as  permanently  to  close  them.  In  order  that  the  suture 
shall  make  sufficient  pressure  upon  the  vessels,  it  is  necessary  to  tie  or  lock 
the  suture  at  very  short  intervals. 

Gangrene  must  be  avoided  by  leaving  no  suture  or  other  device  to 
make  constant  elastic  pressure  upon  the  edge  of  the  oi^gan  to  the  point  of 
strangulation.  Even  where  sutures  are  applied  in  intestinal  work  the 
parts  of  the  bowel  edges  tightly  embraced  in  the  grasp  of  the  suture  must 
inevitably  die,  and  in  this  way  the  suture,  if  of  silk,  be  thrown  off  into  the 
lumen  of  the  bowel.  This,  however,  is  a  very  different  matter  from 
constriction  of  the  bowel  in  such  a  way  as  to  bring  about  a  gross  destruc- 
tion of  its  walls,  rendering  it  subject  to  bacterial  invasion  which  may  end 
in  a  spreading  gangrene  or  inflammation  that  may  cause  death  by  leakage 
of  intestinal  contents  or  hemorrhage.  Tlie  larger  blood-vessels  of  the 
intestines  involved  must,  of  course,  not  be  compromised.  In  cases  of 
resection  it  is  of  the  greatest  importance  to  leave  intact  the  large  arteries 
and  veins  that  supply  the  parts  which  are  subject  to  surgical  interference. 
It  is  better  to  sacrifice  a  little  more  intestinal  tissue  than  to  run  the  risk 
of  gangrene  of  a  lai^e  part  of  the  loop  from  the  injudicious  sacrifice  of 
important  vessels. 

Contraction  of  the  scar  tissue  which  inevitably  occurs  after  all  in- 
testinal operations  must  be  reckoned  with.  The  amount  of  scar  tissue 
produced  when  such  devices  are  used  as  the  intestinal  button  of  Murphy 
is  very  small.  In  successful  cases  this,  of  course,  is  a  great  advantage. 
The  peritoneum  adheres  to  peritoneum,  muscularis  soon  becomes  united 
with  muscularis,  and  the  mucosa  becoming  continuous,  it  is  often  almost 
impossible  to  detect  the  line  of  union.  But  during  the  period  of  healing 
the  narrowness  of  this  line  of  peritoneal  union  is  a  source  of  extreme 
danger  to  the  patient.  One  of  the  most  important  services  performed  by 
Nicholas  Senn  in  his  numerous  writings  on  intestinal  surgery  is  his  in- 
sistence upon  the  use  of  broad  peritoneal  surfaces  wherever  the  escape  of 
infectious  fluids  is  to  be  regarded  as  one  of  the  hazards  of  the  operation. 
Our  greatest  safeguards  in  abdominal  operations  lie  in  the  rapid  absorption 
of  peritoneal  fluids  and  the  swift  adhesion  of  properly  approximated 
peritoneal  surfaces.  The  use  of  those  devices  which  depend  for  their 
characteristic  success  upon  the  application  of  extremely  narrow  areas 
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of  peritoneum  is  associated  with  an  inherent  unavoidable  violation  of  one 
of  the  most  important  laws  of  abdominal  surgery. 

Having  decided  that  we  will  apply  broad  surfaces  of  peritoneum  to  one 
another,  we  must  make  sure  to  make  provision  for  very  extensive  con- 
traction. This  can  easily  be  done  by  making  the  artificial  openings  from 
two  to  four  times  as  long  as  the  opening  needs  finally  to  be. 

Enterorrhaphy. — The  paradigm  of  intestinal  operation  is  enterorrha- 
phy.  Most  of  the  principles  involved  in  intestinal  surgery  may  be  studied 
and  put  into  application  in  the  simple  closure  of  wounds  of  the  bowel. 
When  the  bowel  is  to  be  incised,  it  may  be  remarked  that  the  incision  should 
preferably  be  made  upon  the  free  surface  of  the  tube,  that  is,  at  a  point 
farthest  away  from  the  mesenteric  attachment.  If  this  is  not  done,  and 
if  the  cut  is  made  near  the  mesentery,  that  portion  of  the  wall  of  the  bowel 
lying  between  the  incision  and  the  free  border  may  have  its  blood-supply 
compromised,  wound  healing  may  take  place  imperfectly,  or  gangrene 
may  result.  When  such  a  wound  is  to  be  closed,  a  strong  suture  must  be 
used  to  bring  together 
all  the  coats  of  the 
bowel  at  once.  For  this 
purpose  I  frequently  use 
a  heavy  twisted  silk 
in  needles  somewhat 
larger  than  ordinary 
sewing-needles  and  pro- 
vided with  spear  points. 
Ordinary  needles  of 
lai^ge  size  may  be  used 
if  desired.  The  Czemy 
siUure,  as  it  is  called, 
is  then  applied  as  fol- 
lows: The  bowel  be- 
ing   held    up    between 

thumb  and  finger  and  the  neighboring  operative  field  having  been  pro- 
tected by  lai^ge  pieces  of  gauze  made  into  the  form  of  compresses,  the 
needle  is  passed  through  all  the  coats  of  the  bowel  at  one  end  of  the  in- 
cision; the  needle  naturally  enters  the  lumen  of  the  bowel,  and  passing 
through  it  and  through  the  opposite  side  of  the  intestine  as  well,  practically 
transfixes  the  bowel  wall.  The  first  loop  of  thread  is  tied  snugly,  then 
successive  sutures  are  passed  in  the  same  manner  through  the  edges  of  the 
wound,  the  operator  being  careful  to  hold  the  needle  perpendicular  to  the 
edge  of  the  wound,  to  enter  the  needle  well  back  from  the  edge  of  the 
wound,  and  to  include  all  the  coats  of  the  bowel,  especially  the  mucosa. 
After  making  three  or  four  sutures  a  knot  must  be  tied  in  order  that  too 
much  of  a  purse-string  action  may  not  be  obtained.  Instead  of  this  knot 
1  frequently  use  a  device  for  locking  which  I  believe  is  original  with 
myself.  This  consists  in  entering  the  point  of  the  needle  at  a  spot  an 
eighth  or  a  quarter  of  an  inch  back  of  the  insertion  of  the  last  preceding 
suture,  passing  the  needle  through  the  bowel  wall  diagonally,  in  such  a 


Fio.  389. — Intkstinai.  Sutureb  (Kelly-Noble). 
A,  Lembert  suture  ;  B,  Csemy-Lembert  suture. 
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manner  that  the  loop  of  silk  goes  through  the  preceding  loop  that  lies 
within  the  bowel  wall.  The  effect  of  this  maneuver,  it  will  be  seen,  con- 
sists in  making  a  knot  within  the  intestinal  wall,  and  it  will  be  found  that 
traction  upon  the  suture  can  no  longer  produce  a  puckering  of  the  wound 
edges.     The  process  of  passing  sutures  and  occasionally  locking  is  con- 


FiG.  300.— The  Lembert  Stitch  (Gould). 

The  interrupted  stitch  is  shown  on  the  left,  the  continuous  stitch  on  the  right.     The  apparent 

irregularity  in  the  continuous  stitch  is  due  to  its  not  yet  having  been  pulled  tight. 


tinued  until  the  wound  is  entirely  closed,  when  a  final  knot  is  made,  and 
the  suture  cut  short  at  both  ends.  A  stream  of  hot  salt  solution  (tempera- 
ture 100°  to  115°  F.)  is  to  be  applied  in  order  to  wash  away  infectious 
matter.  The  operator's  hands  are  disinfected  and  the  Lembert  sutures  are 
next  applied.  The  objects  of  the  first  layer  of  sutures  were  as  follows: 
to  prevent  escape  of  intestinal  contents;  to  prevent  hemorrhage;  me- 
chanically to  support  and  maintain  in  apposition  the  intestinal  walls. 

The  object  of  the  Lembert 
sutures  is  to  bring  together 
surfaces  of  peritoneum 
which,  having  the  power  of 
rapidly  adhering,  will  pro- 
duce within  a  few  hours  a 
barrier  to  the  spread  of  infec- 
tion from  the  line  of  sutures 
that  passes  through  the  in- 
testinal wall.  For  this  rea- 
son, then,  the  Lembert  su- 
ture must  be  appUed  with 
great  care.  Banning  at 
one  end  of  the  wound,  the 
needle  is  passed  through  the  peritoneum  down  to  the  fibrous  coat  of 
the  intestinal  wall;  a  bit  of  this  is  picked  up  with  the  point  of  the 
needle,  the  direction  of  the  needle  is  changed,  so  that  pressure  upon 
the  blunt  end  causes  it  to  emerge  from  the  peritoneum,  holding  within 
the  grasp  of  the  thread  a  portion  of  peritoneum  and  a  bit  of  fibrous 
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Fio.     391. — Lembert     Interrupted     Stttch 
Crobs-bection  (Gould). 
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tissue.  The  peritoneum  has  but  little  mechanical  resisting  power,  and  it 
is  the  fibrous  tissue  which  makes  it  possible  to  bring  together  peritoneal 
surfaces  without  passing  the  needle  into  the  lumen  of  the  bowel.  It  is  of 
minor  importance  in  what  direction  the  needle  is  pointed  into  the  coats  of 
the  bowel  for  this  purpose.  As  a  rule,  however,  where  continuous  Lem- 
bert  sutures  are  used,  the  needle  is  kept  parallel  to  the  wound  edges. 
Where  the  suture  is  interrupted, 
it  may  be  applied  in  a  direction 
perpendicular  to  the  line  of  the 
wound,  especially  if  the  so-called 
mattress  sutures  are  to  be  used. 
I  advise  the  use  of  the  sim- 
plest forms  of  suture,  especi- 
ally those  already  described, 
since  extensive  practice  in  the 
use  of  a  few  sutures  will  give 
much  greater  skill  in  their  appli- 
cation. The  Lembert  suture  may 
be  interrupted  by  knots  as  fre- 
quently as  seems  necessar>^  in  order  to  prevent  a  puckering  of  the  line. 
This  is  of  especial  importance  where,  as  is  often  the  case,  it  is  desired  to 
apply  a  third  line  of  sutures  in  order  to  prevent  peritonitis  from  leakage, 
since,  if  the  sutures  were  not  interrupted  by  locking,  each  successive 
line  of  stitches  would  contract  the  line  of  incision  still  further.  At  the 
close  of  this  work  the  bowel  should  again  be  washed  with  hot  salt 
solution. 

Other  well-known  sutures  for  enterorrhaphy  are  the  following:  Hal- 


Fio.  302. — Lembert  Continuocb  Stitch  with 
Cross-bection  (Gould). 


Fio.  393. — Halated's  Mattress  Stitch  (Gould). 
A  drawn  to  A. 


sted's  mattress  stitch  (Fig.  393),  Cushing's  right-angled  stitch  (Fig.  394), 
and  Conneirs  suture  (Figs.  395,  396,  397).  They  need  no  detailed  de- 
scription, since  the  pictures  furnish  an  adequate  idea  of  the  method  of 
application. 

Intestinal  Anastomosis. — The  simplest  form  of  anastomosis  per- 
formed on  the  gastro-intestinal  tract  is  that  involving  two  parts  of  the 
small  intestine. 
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The  portions  of  the  bowel  to  be  united  having  been  chosen  with  care 
and  so  arranged  that  peristaltic  waves  in  the  two  portions  will  be  in 
the  same  direction  and  the  fecal  current  will  not  be  deflected  from  its 
course,  a  line  of  Lembert  sutures  with  frequent  locks  or  knots  is  to  be  so 
applied  as  to  unite  the  sides  of  the  selected  loops  at  a  distance  from  the 
free  border  of  the  bowel  equal  to  one-third  or  three-fourths  of  its  circum- 
ference. As  this  preliminary  layer  of  Lembert  sutures  is  to  form  the 
outer  barrier  against  peritoneal  infection,  each  extremity  of  its  line  is  to 
be  curved  toward  the  free  border  of  the  bowel  and  the  ends  of  the  threads 
are  to  be  left  long.  Since  there  is  but  little  to  resist  the  force  of  scar 
contraction  in  the  bowel,  it  is  desirable  to  make  the  anastomotic  opening 


Fio.  304. — Cubhing'b  Rioht-angled  Continuous  Suture  (Kelly-Noble). 


at  least  two  and  one-half  times  as  long  as  would  be  necessary  if  this 
contraction  were  not  expected.  The  loops  of  bowel  may  be  grasped  by  a 
long  artery  forceps  or  clamp  in  such  a  way  that  the  tissues  through  which 
the  incisions  are  to  be  made  are  held  in  its  grasp.  The  purpose  of  this 
forceps  is  at  once  to  hold  the  bowel  and  to  prevent  the  escape  of  intestinal 
contents  when  the  incisions  are  made.  If  the  forceps  are  not  closed 
with  undue  severity,  there  will  be  no  danger  of  gangrene. 

Now,  with  the  knife  or  scissors  make  an  incision  in  each  coil  as  nearly 
as  possible  in  the  line  of  its  free  border;  if  the  forceps  has  been  rightly 
applied,  there  will  be  neither  hemorrhage  nor  escape  of  intestinal  contents. 
With  a  larger  needle  with  armed  heavier  silk,  apply  the  Albert  Lembert 
stitches  with  frequent  locks  or  knots  to  unite  firmly  the  cut  edges  at  all 
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Fio.  395. — CoNNELL  Suture  (Gould). 
■«>W8  method  of  placing  the  three  mattress  mesenteric  stitches.     For  the  sake  of  clearness 
Pitches  have  not  been  tied,  although,  actually,  each  stitch  should  be  tied  as  soon  as  it  is 
a.ced. 


P^^^^^t:^.    Care  should  be  taken 

^  ^^X^ply  locks  or  knots  at  the 

r^^^^^ts  where  a  change  is  made 

^    '^Vie  direction  of  the  line  of 

^^^Vires.     Wash  off  the  bowel 

''^'^^Vk  hot  salt  solution  without 

^Uo^'ing  the  wash-water  to  flow 

^"^"^r  the  remainder  of  the  o[>- 

^^tive    field.      Complete    the 

^ue  of  Lembert  sutures  by  the 

use  of  the  needle  and  thread 

left  attached  to  the   original 

Lembert  sutures.      A  second 

layer  of  lembert  stitches  may 

be  applied  if  desired,  but  it  is 

not  necessary  if  the  first  layer 

has  been  well  placed. 

Conneirs  mattress  stitch 
for  end-to-end  anastomosis  is 
illustrated  in  Figs.  395,  396, 
and  397. 

The  formation  of  an  anas- 
tomosis between  the  small  and 
large  intestines  presents  a 
problem  in  the  differing  dia- 
meter of  the  tubes  to  be  uni- 
ted. It  must  be  remembered 
that  the  stitches  through  the 


Flo.  396.— Connell'r  Suture  (Kelly-Noble). 

Knots  applied  within  the  lumen  of  bowel;  starting 

the  second  row. 
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larger  organs  must  include  a  relatively  large  amount  of  tissue  in  the 
case  of  the  Albert  stitches  to  guard  against  mechanical  rupture  (dis- 
traction) and  consecutive  hemorrhage;  in  the  case  of  the  Lembert 
sutures,  to  afford  sufficient  grasp  of  the  subperitoneal  tissues  to  avoid 
yielding  of  the  line. 

McGraw  Elastic  Ligature. — In  May,  1891,  T.  A.  McGraw,  of  Detroit, 
Michigan,  published  the  results  of  a  study  of  the  use  of  elastic  ligatures  in 
gastro-intestinal  surgery  for  producing  anastomoses  between  parts  of 
the  tube.  After  much  experimentation  McGraw  worked  out  a  satisfactory 
technic  for  the  production  of  openings  between  these  hollow  organs  with 
the  aid  of  continuous  elastic  constriction. 

A  continuous  row  of  Lembert  sutures  is  so  placed  as  to  bring  to- 
gether  the  intestinal  peritoneal  coats  in  a  line  beyond  the  proposed 

point  of  anastomosis,  the  ends 
of  the  suture  being  left  uncut. 
This  first  preliminary  line  of 
sutures  is  to  form  the  outer  line 
of  defence  against  infection. 
Next  an  elastic  suture  of  rubber 
which  is  threaded  into  a  heavy 
needle  is  passed  through  all  the 
coats  of  each  bowel,  success- 
ively, into  the  interior  of  the 
tube;  the  needle  is  carried  along 
through  the  bowel  to  a  point 
near  the  end  of  the  preliminar}' 
line  of  silk  sutures,  where  it  is 
forced  out  of  the  bowel  again. 
The  same  thing  is  repeated  in 
reverse  direction,  producing  in 
this  way  a  loop  of  elastic  liga- 
ture which  embraces  the  part 
which  is  to  produce  a  new  open- 
ing. The  elastic  Ugature  is  then 
firmly  tied,  after  having  been 
drawn  tightly  together,  and  the 
knot  itself  secured  by  a  heavy  silk  ligature.  Next  a  Lembert  silk 
suture  is  applied  about  the  periphery  of  the  field  of  operation,  the 
elastic  ligature  having  been  cut  short. 

A  large  anastomotic  opening  can  be  made  in  this  way,  2J  inches  of 
bowel  wall  being  easily  included  in  the  grasp  of  the  ligature.  McGraw 
lays  stress  upon  the  choice  of  a  proper  ligature.  He  says  it  should  be 
a  firm,  hard,  round,  rubber  cord  at  least  2  mm.  in  diameter,  of  the  very 
best  quality  of  rubber.  A  rubber  thread  or  flat  band  will  not  act  as  a 
proper  substitute.  Nelson,  Baker  &  Co.,  of  Detroit,  have  recently  had 
molds  manufactured  for  the  production  of  ligatures  tapering  at  the 
end. 

The  elastic  ligature  making  continuous  pressure  upon  the  bowel  wall 


Fia.  397.— Conn bll'b  Suture  (Kelly-Noble). 
Method  of  inserting  needle  for  tying  the  laat  knot. 
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causes  necrosis  and  gangrene,  which  soon  sets  free  the  ligature,  which 
floats  down  the  intestinal  tract. 


Fio.  398. — Lateral  Anastomoris  bt  the  McGraw  Ligature  (Gould). 
The  first  seromuscular  stitch  has  been  placed.     The  rubber  li^ture  has  been  introduced  with 
two  needles.     Note  knot  on  left  (Miuphy)  in  middle  of  rubber  lif^ature,  to  increase  the  speed  of 
the  cut-out 


Results  by  this  method  have  been  very  satisfactory  to  those  who 
have  used  it.  The  advantages  of  the  operation  are  numeruos,  not 
the  least  being  the  fact  that 
the  danger  is  very  slight,  ow- 
ing to  the  fact  that  the 
bowel  is  not  extensively 
opened  during  the  operation 
so  that  infection  is  not  likely 
to  occur.  It  is  rare  that  the 
anastomotic  opening  has  to 
be  made  patent  at  the  mo- 
ment of  operation.  In  a 
case  of  that  kind  the  McGraw 
ligature  would  be  unavail- 
able; where  conditions  are 
not  pressing,  the  ligature 
offers  an  excellent  method  of 
procedure,  especially  for  in- 
experienced operators.  It 
has  the  advantage  over  metal- 
lic instruments  that  the  liga- 
ture can  pass  away  without 

risk  of   producing  intestinal  obstruction,  ulceration,  hemorrhage,  and 
other  accidents. 


Fig.  399. — Lateral  Anabtomosia  bt  the  McOraw 
Ligature  (Gould). 
The  ligature  is  being  drawn  taut,  thus  dragging 
the  two  knots  together.  Note  method  of  depressing 
the  first  seromuscular  suture  with  the  blunt  end  of 
forceps.  Note  position  of  silk  tie  which  is  to  secure 
the  knot  in  the  rubber  ligature  from  slipping. 
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Fig.  400. — Lateral  Anabtomosui  bt  the  McGraw 
Ligature  (Gould). 
This  shows  the  three  stages  of  the  technic.  On  the 
riffht  the  first  seromuscular  continuous  stitch  is  visible, 
while,  to  its  left,  the  intestine  is  puckere<l  up  by  the  rubber 
ligature,  which  has  been  tied  tight  and  cut  close.  On 
the  extreme  left  are  seen  the  interrupted  seromuscular 
stitches  with  which  the  whole  front  of  the  joint  will  be 
closed  in. 


Jejunostomy.  —  In    a 

variety  of  lesions  of  the 
stomach  the  production  of  a 
jejuno-cutaneous  fistula  has 
been  frequently  suggested 
and  practised.  The  fistula 
is  useful  in  nourishing  the 
patient  artificially  when  the 
stomach  is  no  longer  pervi- 
ous and  cannot  be  rendered 
pervious  by  operation,  when 
the  stomach  is  incapable  of 
performing  its  functioiiS  of 
digestion,  and  when  that 
organ  is  the  seat  of  disease 
which  would  be  aggravated 
by  the  presence  of  food  or 
its  passage  through  it.  The 
indications  for  the  operation 
are  discussed  in  the  chapter 
upon  the  diseases  of  the 
stomach.  H.  Lempp^  has  very  fully  considered  them  in  a  recent  arti- 
cle.    Tlie  technic  of  the  opreation  is  described  in  Vol.  Ill,  pp.  942-944. 

Appendices- 
tomy. —  Appen- 
dicostomy  is  the 
name  applied  by 
Weir  to  making 
an  opening  in 
the  appendix  af- 
ter having  with- 
drawn its  free 
end  through  an 
abdominal  incis- 
ion, and  fixed  it 
there.  The  tech- 
nic of  the  oper- 
ation is  very 
simple.  The  or- 
dinary incision 
through  the  ab- 
dominal wall 
having  been 
made,  the  ap- 
pendix is  drawn 

up     to     the     skin  Fig.  401.— Appendicostomt    (Moynihan). 

and    fastened     to  The  incision  in  the  skin  is  made  long  to  show  the  details  of  the 

.  -x    ui  operation.    It  need  not  be  longer  than  1  to  1)  inches  when  the  operation 

it       by       suitable  is  performed  during  life. 
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sutures  through  the  peritoneal  coat  and  through  the  skin.  The  appendix 
may  be  immediately  opened  and  a  tube  may  be  passed  into  its  interior, 
or  the  opening  may  be  deferred  for  twenty-four  or  thirty-six  hours. 

Weir  and  others  have  found  appendicostomy  of  great  service  in  washing 
out  the  bowel  when  chronic  inflammatory  processes  demand  irrigation 
of  that  part  of  the  tube. 

Colostomy. — Tlie  most  frequent  indication  for  the  production  of  a 
colostomy  or  artificial  communication  between  the  colon  and  the  skin, 
allowing  the  fecal  matter  to  be  discharged  externally,  instead  of  requiring 
it  to  pass  through  the  remainder  of  the  bowel  is  to  be  found  in  those  dis- 
eases, such  as  carcinoma  and  sarcoma,  which  permanently  impair  the 
functions  of  the  rectum  and  anus. 

By  fecal  fistula  is  understood  an  opening  which,  though  it  allows  fecal 
matter  to  pass  out  upon  the  skin,  does  not  necessarily  force  all  of  the 
material  to  pass  in  that  direction. 

A  fecal  fistula  is  useful  at  times  in  temporarily  relieving  pressure  in 
the  intestines,  and  in  partially  diverting  the  fecal  current  outward  rather 
than  downward.  The  fecal  fistula  may  be  easily  produced  by  making 
an  incision  over  the  cecum  as  for  appendicitis,  or  in  the  left  inguinal 
region,  bringing  the  large  intestine  up  to  the  wound  and  attaching  the 
peritoneal  edge  to  the  wall  of  the  bowel  by  means  of  an  ordinary  Lembert 
suture.  The  bowel  may  then  be  opened,  and  its  cut  edge  united  to  the 
fascia  or  to  the  skin.  If  the  bowel  is  sutured  to  the  skin,  a  permanent 
mucocutaneous  fistula  is  likely  to  result,  while  if  one  sutures  the  bowel  to 
the  fascia  instead  of  the  skin,  the  fistula  can  be  more  readily  closed  when 
no  longer  required. 

If  no  pressing  need  for  relieving  the  interior  of  the  bowel  from  pressure 
is  at  hand,  the  bowel  need  not  be  opened  for  twenty-four  or  thirty-six 
hours  after  it  has  been  stitched  to  the  parietal  peritoneum.  The  danger 
of  peritonitis,  which  in  any  case  with  careful  work  is  not  great,  is  in  this 
manner  reduced  almost  to  nothing. 

Where  it  is  desired  to  deflect  the  entire  contents  of  the  bowel  outward 
and  to  prevent  all  irritation  from  this  source  from  occurring  lower  down, 
an  artificial  anus  is  best  provided.  This  is  effected  by  entirely  transect- 
ing the  bowel  after  fixing  it  in  a  wound  of  the  abdominal  wall.  If  the 
wound  is  made  by  separating  muscle-fibers  instead  of  cutting  them,  an 
action  somewhat  like  that  of  a  sphincter  is  provided.  This,  however,  is 
not  often  necessary,  as  patients  demanding  such  an  operation  are,  as  a 
rule,  in  a  deplorable  condition,  from  which  they  are  to  be  speedily  released 
by  death. 

I  have  frequently  made  use  of  the  following  modification  of  the  very 
simple  method  of  Maydl. 

Under  gas  or  ether  or  local  anesthesia  make  an  incision  from  1 J  to  3 
inches  in  length,  depending  upon  the  thickness  of  the  abdominal  wall, 
over  the  colon  at  the  point  desired ;  draw  a  loop  of  the  bowel  up  out  of  the 
abdomen,  and  pass  through  its  mesocolon  a  rod  the  size  of  a  lead-pencil, 
of  glass  or  wood,  rolled  up  in  gauze,  and  allow  its  ends  to  project  on  each 
side,  resting  on  the  abdominal  wall.  In  this  manner  the  colon  is  fixed 
VOL.  IV — 46 
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in  the  abdominal  wound  under  a  heavy  dressing  for  twenty-four  or 
thirty-six  hours,  when  it  may  be  opened  with  the  scissors  without  anes- 
thesia, allowing  the  escape  of  the  intestinal  contents.  At  that  time  or 
even  later  it  may  be  wholly  divided  and,  if  one  desires,  the  lower  end  of 
the  bowel  may  be  entirely  closed  by  suture. 

This  operation  can  easily  be  performed  upon  patients  who  are  very 
much  emaciated  and  extremely  weak  without  much  fear  of  loss  of  life. 

Treatment  of  Linear  Gangrene. — Crampe  has  made  an  extended 
study  of  the  subject  of  gangrenous  linear  grooves  upon  the  wall  of  the  in- 
testine, produced  by  the  pressure  of  bands  or  of  hernial  sacs.  While  he 
is  of  the  opinion  that  in  a  certain  percentage  of  these  cases  it  is  admissible 
to  sew  over  the  peritoneum  from  neighboring  parts  of  the  bowel,  he  warns 
against  applying  the  principle  too  freely. 

In  cases  where  gangrene  has  already  occurred,  the  method  proposed 
and  executed  by  myself  will  be  of  value,  since  a  practically  unlimited 
amount  of  peritoneum  can  be  drawn  upon,  owing  to  the  splitting  of  the 
intestinal  wall  in  a  longitudinal  manner  opposite  the  mesenteric  insertion.** 

Resection. — The  importance  of  closing  the  slit  in  the  mesentery  after 
all  operations  requiring  such  an  opening  to  be  made  has  long  been  recog- 
nized. Korte  called  attention  to  this  requirement  in  1895.  Braun 
described  a  case  of  internal  strangulation  after  intestinal  resection  due  to 
this  cause.  A  similar  case  was  reported  by  Heidenhain,  the  occlusion 
occurring  after  resection  of  the  colon  for  carcinoma.'* 

The  simplest  and  most  effective  method  of  resecting  the  bowel  con- 
sists, in  my  opinion,  in  the  immediate  closure  of  the  cut  ends  and  the 
restoration  of  continuity  between  the  remaining  portions  of  the  bowel  at 
a  new  point.  This  of  course  means  the  establishment  of  a  lateral  or  side- 
to-side  anastomosis  instead  of  making  an  end-to-end  union.  I  am 
convinced  of  the  desirabiUty  of  this  method  because  tissues  are  utilized 
which  have  not  been  mutilated  and  therefore  damaged  or  infected,  and 
because  much  of  the  work,  namely,  the  application  of  the  peritoneal 
stitches,  can  be  effected  before  the  tube  is  opened.  Furthermore,  it  is 
often  possible  to  lift  out  of  the  abdominal  cavity  these  portions  of  the 
bowel,  whereas  an  end-to-end  union  is  often  difficult  because  the  part 
cannot  be  withdrawn.  The  technic  of  resecting  the  bowel  and  perma- 
nently closing  the  part  to  be  left  has  been  simplified  in  my  practice 
to  a  ver>'  considerable  degree.  The  technic  is  a  modification  and  amplifi- 
cation of  Kocher's  suggestion. 

Apply  upon  the  intestine  at  the  point  where  the  bowel  is  to  be  divided 
a  long  artery  forceps  compressing  the  entire  intestine,  set  at  such  an 
angle  to  its  border  as  will  insure  a  good  blood-supply  to  the  edges  of 
the  wound.  By  the  sides  of  the  first  forceps  place  two  others  as  close 
to  it  as  possible.  Remove  the  first  forceps  and  transect  the  bowel  with  a 
knife  as  closely  as  possible  to  the  forceps  which  is  placed  upon  the  part  of 
the  bowel  to  be  removed.  Wrap  up  in  a  laparotomy  compress  the  cut 
end  of  the  bowel  which  is  to  be  removed  in  order  temporarily  to  pro- 
tect the  operative  field  from  infection.  Now,  with  a  continuous  heavy 
suture  whip  over  the  end  of  the  intestine  which  is  to  remain.    This  suture 
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is  a  continuous  one  without  locks  or  knots.  When  the  suture  has  been 
applied  but  not  fastened,  have  the  assistant  remove  the  forceps.  Then 
draw  the  suture  tight  to  fonn  a  purse-string,  and  tie  the  end.  Wash  the 
end  of  the  bowel  with  a  stream  of  salt  solution.  Disinfect  the  hands  and 
invert  the  line  of  sutures  just  described  into  the  interior  of  the  bowel 
by  means  of  a  continuous  Lembert  suture  without  knots  or  locks. 

Repeat  the  same  process  upon  the  bowel  at  the  other  side  of  the  part 
to  be  resected. 

The  portion  of  the  bowel  to  be  removed  may  now  be  excised  after 
preliminary  ligation  of  the  mesenteric  blood-vessels,  preferably  at  a 
point  near  the  bowel,  in  order  to  prevent  interference  with  the  blood- 
supply  of  the  remaining  intestine.  A  lateral  anastomosis  may  now  be 
made. 


Fig.  402. — Resection  (Moynihan.  after  Kocher). 
The  mesentery  is  ligated  off  close  to  the  gut. 

After-effects  of  Extensive  Enterectomies.— A.  E.  Barker**  gives 
three  cases  illustrative  of  the  condition  of  the  small  intestine  some 
years  after  extensive  enterectomies.  There  must  be  few  surgeons  now  who 
do  not  recognize  the  peculiarly  disastrous  effects  of  paralysis  of  the  bowel 
in  advanced  intestinal  obstruction.  But  few  of  us  are  Ukely  to  have  many 
opportunities  to  see  the  effect  of  this  paresis  on  the  living  gut  years  after 
the  relief  of  severe  obstruction. 

Two  of  these  patients,  both  women,  were  operated  on  years  ago  for 
gangrenous  femoral  hernia,  and  in  both  Barker  was  obliged  to  resect  long 
tracts  of  small  intestine  in  order  to  obtain  relatively  sound  tissue  for  the 
anastomosis.  Both  made  satisfactory  recoveries,  but  were  readmitted  for 
operations  in  the  course  of  which  it  was  possible  to  examine  the  original 
seat  of  the  enterectomies.     In  both  it  was  most  interesting  and  instructive 
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to  observe  that  though  the  communication  between  the  two  portions  of 
the  bowel  was  perfect  and  as  wide  as  possible,  the  afferent  or  proximal 
portion  still  showed  unmistakable  signs  that  it  had  not  yet  recovered 
its  former  tone  as  contrasted  with  the  efferent  or  distal  portion,  which 
was  normal.  The  significance  of  this  observation  appears  very  great, 
from  both  a  medical  and  a  surgical  point  of  view,  and  so  far  as  Barker 
knows,  has  not  yet  attracted  attention.  These  two  observations  made 
intra  viiam  fill  up,  to  a  certain  extent,  a  gap  in  our  knowledge  as  to  the 
changes  which  take  place  in  an  intestine  above  an  acute  obstruction,  and 
as  to  the  period  during  which  these  effects  may  remain  after  the  latter  has 
been  relieved.  It  might  at  first  sight  appear  almost  incredible  that  evi- 
dence of  want  of  tone  in  the  bowel  should  exist  several  years  after  the  cause 
has  been  removed.  This  fact,  which  Barker  was  able  to  demonstrate  to 
his  class,  drives  us  to  the  conclusion  that  in  acute  strangulation  we  must 
operate  before  these  changes  have  had  time  to  develop,  and  if  this  be 
impossible,  we  must  not  hesitate  where  resection  is  necessary  to  remove 
large  tracts  of  bowel  in  order  to  get  well  above  the  paralyzed  portion, 
saturated  as  it  is  with  toxins  and  thus  devitaUzed. 

Intestinal  Exclusion. — By  intestinal  exclusion  we  understand  the 
diversion  of  the  fecal  current  by  a  short  cut  away  from  a  certain  Umited 
part  of  the  intestine.  If  the  exclusion  is  effected  by  making  a  fistulous 
opening  (anastomosis)  between  the  loops  of  bowel  above  and  below,  we 
consider  the  exclusion  partial  or  incomplete,  since  a  portion  of  the  fecal 
matter  may  still  find  its  way  into  that  part  of  the  bowel  which  is  thrown 
out  of  the  direct  fecal  current.  By  complete  exclusion  we  understand 
that  both  the  proximal  and  distal  ends  of  the  excluded  loop  of  bowel  are 
closed  by  invagination  sutures.  The  excluded  part  of  the  bowel  has  oc- 
casionally been  left  entirely  separated  from  both  the  remainder  of  the  ali- 
mentary canal  and  also  from  the  skin,  and  a  number  of  instances  are  re- 
corded in  which  this  procedure  has  given  rise  to  no  grave  consequences. 
The  majority  of  experienced  sui^geons  counsel  against  so  radical  a  maneu- 
ver, on  the  ground  that  infectious  matter  has  no  exit  and  that  perforation 
may  take  place,  especially  in  cases  where  ulceration  and  other  destructive 
processes  are  going  on  in  the  infected  loop.  In  the  main  it  is  wiser  to  leave 
the  excluded  part  in  communication  at  some  point  with  the  remainder  of 
the  bowel  or  with  the  skin.  If  the  latter  method  has  been  followed,  but 
a  small  amount  of  discharge  will  take  place  after  the  first  few  days  and 
the  patient  will  not  be  seriously  inconvenienced  by  the  fistula.  In  car- 
cinomata  of  the  colon  otherwise  inoperable,  intestinal  exclusion,  which  has 
been  so  strongly  advocated  by  v.  Eiselsbei^,  will  be  found  to  have  many 
beneficent  applications.  The  surgeon,  however,  must  not  be  tempted 
by  the  simplicity  of  the  procedure  and  the  relief  and  comfort  which  it 
gives  the  patient  to  neglect  the  possibilities  of  resection  where  it  is  feasible. 

The  technic  of  exclusion  consists  merely  in  permutations  of  procedures 
already  described.  Following  Prutz,  we  may  call  the  lumina  of  the  bowel 
which  are  exposed  by  transection  above  and  below  the  part  to  be  excluded, 
Nos.  1,  2,  3,  and  4,  counting  from  above  downward.  After  transection 
the  lumina  1  and  4  may  be  closed  with  a  lateral  anastomosis  between  the 
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proximal  and  distal  parts  of  the  intestine,  while  lumina  2  and  3  may  be 
treated  after  one  of  the  following  methods  (Prutz) :  (1)  Both  are  sutured 
into  the  skin;  (2)  the  upper  end  is  dropped,  the  lower  end  sutured  into 
the  skin;  (3)  the  reverse  procedure  is  practised ;  and  (4)  both  are  dropped, 
(a)  after  each  end  has  been  closed,  or  (b)  after  the  ends  have  been  united. 

Unilateral  exclusion,  that  is  to  say,  the  operation  of  transecting  the 
bowel,  permanently  occluding  the  end  of  the  distal  portion  and  im- 
planting the  proximal  end  at  a  point  remote  from  the  site  of  section,  is 
open  to  an  insuperable  objection,  rendering  it  a  method  unfit  for  recom- 
mendation. Haberer**  has  made  an  extensive  study  of  this  subject  under 
the  direction  of  von  Eiselsberg.  It  will  easily  be  seen  that,  in  order  to 
make  the  end  of  the  proximal  part  of  the  bowel  approach  the  point  of 
implantation,  it  will  be  necessary  to  nick  the  mesentery  and  that,  after 
the  implantation,  a  gap  will  exist  below  the  mesentery  of  the  implanted 
part  through  which  it  will  be  easy  for  coils  of  intestine  to  pass,  making 
obstruction  an  easy  accident.  It  is  far  better,  therefore,  to  make  a  side-to- 
side  anastomosis  instead  of  an  end-to-side  apposition. 
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CHAPTER  LXIII. 

SURGERY  OF  THE  APPENDIX  VERHIFORHIS. 

By  John  B.  Murphy,  M.D., 

CHICAGO. 

TYPHLITIS,  PERITYPHLITIS,  EPITYPHLrnS. 

A  great  many  keen  clinicians  observed  and  studied  cases  of  appen- 
dicitis at  the  end  of  the  eighteenth  and  the  beginning  of  the  nineteenth 
century,  but  their  incorrect  nomenclature  and  the  lack  of  a  definite 
knowledge  of  the  anatomy  and  primary  pathology  of  the  tissues  involved, 
as  well  as  their  inability  to  interpret  the  relationship  between  the  clinical 
symptoms  and  the  underlying  pathologic  processes,  make  their  voluminous 
records  almost  useless.  An  epoch-making  advancement  in  the  history  of 
appendicitis  begins  with  Reginald  Fitz,  of  Boston.  To  Fitz  belongs  the 
credit  and  honor  of  having  given  a  masterly  description  of  the  disease, 
of  having  introduced  the  term  appendicitis,  and,  particularly,  of  having 
been  the  first  powerful  advocate  of  timely  surgical  intervention.  The 
literature  following  Fitz's  forceful  article  would  make  a  library  in 
itself,  but  a  careful  analysis  and  discrimination  may  exclude  most  of  it, 
leaving  only  a  few  classic  articles,  among  which  we  mention  those  of 
Bull,  Krafft,  McBumey,  Murphy,  Deaver,  and  later  those  of  Sonnenburg, 
Kronlein,  Roux,  and  a  few  others.  It  is  neither  wise  nor  permissible  to 
exhibit  patriotism  in  science,  but  one  cannot  help  stating  that  America  was 
the  pioneer  in  the  advancement  and  elucidation  of  perityphlitis  and  appen- 
dicitis, and  particularly  that  she  has  taken  the  lead  in  bringing  its  surgical 
treatment  to  its  present  high  standing  as  a  life-saving  procedure. 

Historical.— In  1867,  Willard  Parker,  of  New  York,  successfully 
treated  four  cases  of  appendical  abscess  with  phlegmon  of  the  abdominal 
wall,  by  a  simple  incision  and  evacuation  of  the  pus.  In  1873,  W.  T.  Bull 
published  a  valuable  article  on  ^'perityphlitis''  based  on  an  analysis 
of  sixty-seven  cases.  Seven  years  later.  With,  a  Norwegian,  published 
an  article  the  title  of  which  suggests  its  contents,  namely,  **  Peritonitis 
Appendicularis.''  Four  years  later  a  remarkable  step  was  made  by 
Mikulicz,  who  in  a  powerful  address  urged  laparotomy  in  perforations 
of  the  stomach  and  intestine.  All  these  periods  and  events  bring  us  to 
the  writings  of  Fitz  and  Gaston,  of  America,  and  Krafift,  of  Lausanne. 
In  an  article  published  by  Fitz  in  the  **  American  Journal  of  Medical 
Sciences''  in  1886,  he  showed  that  the  clinical  picture  in  two  hundred 
and  ninety  cases  of  typhlitis  and  perityphlitis  closely  resembled  that  of 
two  hundred  and  fifty-seven  cases  of  perforation  of  the  appendix,  and 
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distinctly  pointed  out  that  the  appendix  is  responsible  for  most  abscesses 
occurring  in  the  right  iliac  fossa.  He  makes  it  clear  that  the  variations 
in  the  clinical  picture  depend  to  a  great  extent  upon  the  anatomic  varia- 
tions of  the  appendix,  its  position,  length,  etc.  Fitz  wished  to  call 
attention  to  inflammation  of  the  vermiform  appendix  as  the  pnVnan/ lesion, 
and  that  to  which  treatment  was  to  be  directly  applied.  But  perhaps 
the  greatest  credit  that  Fitz  deserves  is  for  the  powerful  manner  in  which 
he  urged  early  surgical  intervention.  An  equally  powerful  advocate  was 
Gaston  in  this  country  and,  as  mentioned,  Krafft,  of  Lausanne. 

The  more  recent  writers,  in  reviewing  the  history  of  appendicitis, 
have  confined  themselves  to  a  review  of  articles  published  under  the 
caption  *' Appendicitis,"  and  have  therefore  omitted  the  important  and, 
indeed,  creative  works  published  under  the  headings  "Phlegmon  of 
the  Right  Iliac  Fossa,'*  *'Intra-Abdominal  Abscess,"  '*  Pericecal  Abscess," 
**Epityphlitic  Abscess,"  ''Perityphlitic  Abscess,"  ''Perit)T)hlitis  Vermic- 
ularis,"  and  "Perityphlitis."  Indeed,  the  last  was  the  title  of  many 
able  papers  in  which  the  keenest  insight  as  to  the  etiologic  and  pathologic 
conditions,  clinical  manifestations,  and  surgical  indications  and  operations 
were  most  forcefully  outlined  long  after  Fitz  had  suggested  the  name 
of  appendicitis,  but  before  it  was  generally  adopted.  The  perityphlitic 
pathologic  changes  were  regarded  as  the  most  important  features  of  the 
disease,  the  appendix  being  considered  the  locus  minoris  resisteniiw. 
The  change  in  name  from  perityphlitis  to  appendicitis  was  not  a  change 
in  our  medical  knowledge,  but  a  change  in  the  accentuation  of  the  etiologic 
factor,  in  place  of  the  gross  pathologic  processes.  The  monograph  of 
Krafft,  which  followed  those  of  Fitz,  Bull,  and  Robert  F.  Weir,  but 
immediately  preceded  Murphy's  and  McBumey's,  generated  the  greatest 
surgical  activity.  Murphy,  in  a  paper  read  before  the  Chicago  Medical 
Society,  November,  1889,  in  which  he  reported  eight  cases,  made  the 
following  plea  for  early  operation:  "It  is  our  conviction  that  before 
many  years  every  case  of  perityphlitis  when  diagnosed  will  be  immedi- 
ately operated,  the  appendix  ligated,  if  possible,  and  amputated.  This 
operation  gives  the  only  guarantee,  that  a  patient  can  have,  of  safety 
from  the  impending  danger  of  the  disease  and  security  against  its  re- 
turn."   These  statements  preceded  the  publication  of  McBumey.* 

The  old  operation  was  performed  in  the  presence  of  phlegmon  of  the 
abdominal  wall,  which  included  the  period  to  1888,  with  the  exception 
of  desultory  cases  of  removal  of  the  appendix  in  conditions  other  than 
acute  inflammations.  One  of  this  class  was  operated  by  Marcy,  of  Boston, 
1876,  and  one  by  McBurney,  May  21,  1888 — "a  retention  suppurating 
cyst  of  the  appendix."  In  contrast  with  the  old  operation,  the  modem 
surgical  procedure  is  that  biised  on  the  diagnosis  of  infection  of  the  appen- 
dix and  pericecal  tissue  before  the  manifestations  of  phlegmon  or  fluctu- 
ation, and  had  its  origin  in  1888  and  1889.  This  was  the  basis  of  Murphy's 
action  and  declaration  quoted  above;  his  first  operation  was  March  21, 
1889.  The  masterly  work  of  American  surgeons  in  this  field  deserves 
splendid  commendation.  The  pioneers  in  other  countries  are  Reclus, 
♦McBumey:   New  York  Medical  Journal,  Dec.  21,  1889. 
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Roux,  Talamon  and  Dieulafoy  in  France;  Hancock,  Treves,  Kelynack, 
and  Lockwood  in  England;  and  Kronlein,  Mikulicz  and  Sonnenburg 
in  Germany. 

In  the  struggle  for  priority,  Thomas  G.  Morton,  of  Philadelphia, 
and  Sir  Frederick  Treves  each  claim  to  have  first  removed  the  ap- 
pendix in  1877,  but  in  neither  case  was  it  for  the  acute  infective 
variety  as  now  understood.  In  many  publications  Kronlein  has  been 
given  credit  for  making  a  definite  diagnosis  of  appendicitis  and  deliber- 
ately operating  for  its  removal.  This  is  not  in  accordance  with  the  facts. 
He  made  the  diagnosis  of  '*  intestinal  obstruction  or  peritonitis"  and 
operated;  in  sponging  out  the  pus  he  found  the  appendix  free  from  ad- 
hesions with  a  perforation  near  its  base;  he  tied  the  mesentery  and  stump 
of  the  appendix  and  cut  it  off;  the  patient  died  three  days  after  from 
collapse. 

Anatomy. — *' The  vermiform  appendix,"  says  Paul  Reclus,  **is  the 
diverticulum  of  a  diverticulum,  the  cecum  of  a  cecum."  It  is  the  un- 
developed part  of  the  cecum,  corresponding  to  the  long  terminal  portion 
of  the  latter  found  in  the  lower  animals. 

The  appendix,  in  addition  to  being  pushed  to  the  left,  is  apparently 
carried  back  by  predominating  growth  of  the  anterior  wall  of  the  cecum. 
Hence  it  usually  branches  off  (in  about  90  per  cent.)  from  the  inner  or 
inner  and  posterior  wall  of  the  cecum,  about  one  inch  below  the  lower 
border  of  the  ileum  where  the  latter  enters  the  large  bowel. 

The  direction  taken  by  the  appendix  is  so  variable  as  to  defy 
classification.  When  not  adherent  it  may  occupy  a  number  of  positions. 
Lafforgue,  for  example,  found  it  hanging  into  the  pelvis  in  41.5  per 
cent,  of  two  hundred  cadavers  of  all  ages  and  both  sexes;  pointing 
toward  the  spleen  in  26  per  cent.;  resting  on  the  iliacus  in  17  per  cent., 
and  retrocecal  in  13  per  cent.  Other  observers  give  the  retrocecal  as 
the  most  common,  etc.  For  all  practical  purposes  it  may  be  said  that 
in  over  one-half  the  cases  the  appendix  points  either  up  and  m,  or  doum 
and  in. 

These  figures  relate  to  the  cadaver.  Mariau  points  out  that  there 
is  nothing  to  prove  that  the  appendix  occupies  during  life  the  position 
it  is  found  in  at  the  necropsy.  ''The  appendix  is  very  mobile,"  says 
this  author,  ''and  may  occupy,  even  in  the  same  subject,  all  sorts  of  posi- 
tions according  to  whether  it  and  the  cecum  are  distended  with  gas  or 
empty." 

In  addition  to  four  or  five  positions  of  the  organ  which  may  be  termed 
normal,  there  are  several  abnormal  ones;  for  example,  its  presence  in 
a  hernial  sac  or  in  one  of  the  cecal  fossae  (twelve  times  in  one  hundred 
and  four  subjects — Lockwood  and  RoUeston).  When  the  cecum  re- 
mains in  its  primitive  fetal  location  in  the  left  iliac  fossa,  the  appendix  will 
be  on  the  left  side  (Fig.  403). 

As  a  result  of  the  free  movements  of  the  appendix,  it  may  become 
adherent  in  various  locations — to  the  omentum,  mesentery,  parietal 
peritoneum,  the  rectum  and  bladder,  or  the  internal  genitalia  of  the 
female.    Finally,  a  fistulous  communication  may  be  established  be- 
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tween  the  adherent  appendix  and  other  parts  of  the  bowel,  c.  g,,  the 
cecum,  ileum,  or  rectum. 

The  size  of  the  appendix  is  as  variable  as  its  position.  The  length 
is  from  1  to  9  inches  (Wister,  Luschka)  or  9i  inches  (Trevor,  GeorgiefT). 
The  average  length  as  established  by  several  thousand  measurements  is 
3.6  inches.  In  the  fetus  and  new-bom  child  the  organ  is  relatively  longer. 
In  the  adult  female  it  is  about  one-half  inch  shorter  on  the  average  than 
in  the  male.    The  diameter  averages  one-fourth  inch  at  the  base  and 

one-fifth  inch  at 
the  middle  and 
tip.  The  diam- 
eter affords  no 
index  to  that 
of  the  lumen, 
for  the  walls 
vary  much  in 
thickness.  The 
appendix  is 
so  met  imes , 
though  rarely, 
absent  (Zucker- 
kandl,  Laffor- 
gue,  Swan). 

The  appen- 
dix is  provided 
with  a  mesen- 
tery of -its  own 
— the  mesoap- 
pendix  or  mes- 
enteriolum. 
This,  like  many 
other  of  the 
folds  of  the 
peritoneum,  is 
due  to  a  lifting 
of  a  fold  of 
peritoneum  by 
the  blood-ves- 
sels in  the  fetus 
as  they  course 
along.  It  comes  oflf  the  left  or  lower  surface  of  the  mesentery  of  the 
ileum  at  its  termination,  and,  passing  behind  the  latter,  runs  along  the 
appendix.  In  the  fetus  it  extends  to  the  tip,  as  it  does  in  over  one-half 
of  the  adult  subjects;  when  too  short  it  causes  the  appendix  to  become 
curled  upon  itself.  In  the  fetus  and  young  child  the  mesoappendix  is 
thin  and  translucent;  in  the  adult  it  contains  much  fat,  especially  in 
corpulent  individuals.  Between  its  layers  are  also  found  unstriped 
muscle-fibers,  the  appendicular  artery  and  its  branches,  with  the  ac- 


FiG.  403. — ^Appendix   Located  on  the  Left  Side  (Gronrobs). 

1,  Stomach;  2,  first  part  of  duodenum;  3.  vertical  part  of  duodenum 
(dotted);  4,  beginning  of  jejunum;  6,  end  of  ileum;  6.  section  of  the 
common  mesentery;  7,  cecum;  8,  angle  formed  bv  colon;  9,  splenic 
flexure;  10,  descending  colon;  11,  rectum;  12,  spleen;  13,  pancreas; 
14,  superior  mesenteric  artery. 
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companying  veins,  nerves,  and  lymphatics,  and  one  or  more  lymph- 
nodes. 

The  lumen  of  the  appendix  opens  into  the  cecum  about  one  inch 
below  the  ileocecal  valve.  This  opening  is  funnel-shaped,  as  a  rule; 
occasionally  it  is  a  mere  slit  or  a  circular  orifice.  It  is  sometimes 
partly  closed  by  a  fold  of  mucous  membrane,  discovered  by  Weitbrecht, 
but  known  as  Gerlach^s  valve.  It  is  evident  that  this  must  be  rudi- 
mentary, or  flatus  or  feces  could  not  enter  the  appendical  lumen. 
Moreover,  it  is  by  no  means  constant;  for  instance,  Lafforgue  met  with 
it  but  twice  in  his  two  hundred  cases. 

Since  the  classic  researches  of  Ribbert,  we  know  that  the  lumen  of 
the  appendix  may  become 
wholly  or  partially  obliterated. 
This  observer  found  this  pro- 
cess commencing  as  early  as 
the  fifth  year,  and  it  was  pres- 
ent in  over  50  per  cent,  of  the 
subjects  over  sixty. 

Total  obliteration  was  ob- 
serv-ed  by  Ribbert  in  3.5  per 
cent,  of  the  cases.  This  cor- 
responds very  nearly  to  the  fig- 
ures of  Lafforgue  (3  per  cent.) 
and  of  Lockwood  and  Rolleston 
(4.5  per  cent.).  Total  oblit- 
eration was  not  observ^ed  by 
Ribbert  before  the  age  of  thirty, 
and  it  is  most  frequent  after 
sixty.  Partial  obliteration  was 
observed  in  over  one-half  the 
cases,  to  a  degree  involving 
one-fourth  of  the  length  of  the 
appendix.  The  length  of  the 
appendix  is  also  of  considerable 
influence  in  the  production  of 
occlusion.  Ribbert  found, 
other  things  being  equal,  that 
occlusion  was  more  frequent  in  the  short  appendices  than  in  the  long 
ones. 

Arteries. — The  appendicular  artery,  a  branch  of  the  posterior  ileo- 
cecal, runs  down  behind  the  ileocecal  angle,  crosses  the  ileum  (hence  is 
liable  to  be  compressed  by  fecal  masses  in  the  latter),  and  reaches  the 
appendix  at  a  variable  distance  from  its  base.  It  then  nins  in  the  free 
border  of  the  mesoappendix  to  the  tip,  giving  off  a  few  branches  in  its 
course;  these  vary  with  the  length  of  the  appendix,  from  two,  three,  or 
four,  to  seven  or  eight.  While  the  appendicular  artery  anastomoses 
with  the  cecal  artery,  the  communicating  branches  are  extremely  minute, 
and  the  circulation  may  be  said  to  be  terminal.    The  branches  of  the 


Fig.    404. — Showing    Relation    of   Appendix   to 
Ileocecal  Valve. 
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artery  run  in  the  subserous  coat,  and  supply  both  walls  in  the  same 
manner  as  the  branches  of  the  superior  mesenteric  do  the  small  intestine. 
Hence  when  the  mesoappendix  does  not  extend  along  the  whole  length 
of  the  appendix,  the  terminal  portion  has  a  poor  blood-supply.  More- 
over, as  in  the  small  intestine,  that  part  of  the  appendix  nearest  the 
mesentery  is  better  provided  with  blood  than  is  the  opposite  side. 
The  base  of  the  appendix  Ls  supplied,  in  addition,  with  blood  from  twigs 
of  the  cecal  branch  of  the  posterior  cecal  artery.  This  is  the  only  source 
of  blood-supply  to  the  appendix  in  the  fetus  before  the  mesoappendix 
forms. 

Veins. — ^The  veins  accompany  the  arteries.    They  are  very  thin-walled 


Flo.  405. — Showing  the  Akranoement  of  the  Arteries  and  Lymphatics  of  the  Vermiform 
Appendix  and  Ileocecal  Region. 


and  are  among  the  most  dependent  branches  of  the  portal  system  (the 
hemorrhoidal  and  sigmoid  alone  being  lower).  It  will  be  noticed  that 
the  blood-supply  of  the  appendix  is  very  precarious  and  readily  liable 
to  interruption. 

Lymphatics. — ^These  accompany  the  blood-vessels  and  empty  into 
a  lymph-node  which  is  rather  constant  at  the  ileocecal  angle.  It  is 
occasionall}'  found  some  distance  away  in  the  lower  portion  of  the  mesen- 
tery, and  is  then  not  distinguishable  from  other  mesenteric  glands,  of 
which  it  is,  in  this  event,  the  lowest. 

Nerves. — ^The  appendix  has  a  rather  abundant  nerve-supply  from 
the  superior  mesenteric  plexus  of  the  sympathetic  system. 
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Structure. — The  appendix  has  been  compared  to  a  Peyer's  patch 
thrust  out  from  the  bowel  like  the  finger  of  a  glove,  and  so  comprising 
all  the  coats  of  the  large  intestine. 

The  serosa  or  peritoneal  coat  is  continuous  with  the  serous  cover- 
ing of  the  mesoappendix,  and  entirely  surrounds  the  organ  save  where 
the  mesoappendix  is  attached.  It  is  very  thin,  from  ^  to  ^  inch 
thick,  and  adheres  to  the  muscularis  by  connective-tissue  fibers. 

The  muscularis  is  composed  of  two  layers — ^the  longitudinal  is  from 
s^iT  ^^  tV  i^c^  ^  thickness,  though  it  varies  at  different  ages.  The 
circular  layer,  which  is  nearly  continuous,  is  about  ^  inch  thick 
(also  varying^ greatly  according  to  age).  At  the  base  of  the  organ  the 
fibers  of  the  two  layers  cross,  forming  a  network. 

The  suhmucosa,  which  varies  more  in  thickness  than  any  of  the  others, 
is  composed  of  connective  tissue  which  supports  the  blood-vessels,  lymph- 
vessels,  and  ner\'es.  The  lymph-follicles  from  the  mucosa  often  extend 
into  this  layer.  The  thin  muscularis  mucosae  divides  this  layer  from 
the  innermost  coat. 

The  rrmcosa  is  made  up  principally  of  lymphoid  tissue  with  tubular 
glands  and  lymph-follicles  embedded  in  it,  with  a  single  layer  of  columnar 
epithelium  resting  on  a  thin  basement  membrane.  There  are,  in  addition, 
the  blood-vessels,  lymph-vessels,  and  nerves. 

The  lymphoid  tissue  has  very  recently  been  the  subject  of  a  paper  by 
Berry  and  Lack.  From  their  researches  it  seems  there  is  practically  no 
lymphoid  tissue  in  the  full-term  fetus;  the  lymph-follicles,  too,  are  absent. 
Within  the  first  two  weeks,  two  or  three  well-marked  lymph-follicles 
appear,  and  lymphoid  tissue  is  scattered  profusely  throughout  the  whole 
mucosa.  In  a  month  more  the  number  of  lymph-folUcles  increases  to 
from  eight  to  twelve,  and  the  lymphoid  tissue  is  now  seen  infiltrating 
the  mucosa  and  submucosa.  At  the  age  of  thirty-two  weeks  the 
appendix  is,  to  all  appearances,  an  actively  functionating  gland.  In  a 
cross-section  are  seen  ten  or  a  dozen  well-marked  lymph-foUicles  and 
about  one  hundred  and  sixty  tubular  glands.  The  lymphoid  tissue  also 
tends  to  disappear,  beginning  in  most  cases  about  middle  age.  Unlike 
the  follicles,  however,  it  never  totally  disappears  (Berry  and  Lack). 

Surface  Landmarks. — ^The  familiar  McBumey's  point  was  thus 
first  described  by  its  distinguished  discoverer: 

"I  believe  that  in  every  case  the  seat  of  the  greatest  pain  determined 
by  pressure  of  the  finger  has  been  very  exactly  between  an  inch  and  a 
half  and  two  inches  from  the  anterior  spinous  process  of  the  ilium  in  a 
straight  line  drawn  from  that  process  to  the  umbilicus.  This  point  indi- 
cates the  situation  of  the  base  of  the  appendix  where  it  arises  from  the 
cecum,  but  does  not  by  any  means  demonstrate,  as  one  might  conclude, 
that  the  chief  point  of  the  disease  is  there." 

Keith,  who  investigated  the  topography  of  the  appendix  for  Sir  Fred- 
erick Treves,  prefers  Munro's  point,  which  nearly  corresponds  to 
McBurney's  point,  but  is  more  precise.  In  a  young  adult  this  is  found  by 
drawing  a  line  about  6  inches  long  from  the  anterior  superior  spine  to 
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Fig.  406. — Showing  Diagrammaticallt 
THE  Position  of  the  Ileocecal  Valve 
IN  Fifty  Subjects  (Hardened  by 
Formalin)  (Keith). 


the  umbilicus;  where  this  crosses  the  outer  edge  of  the  rectus  is  Munro's 

point,  and  is  about  2.6  inches  fr6m 
the  iliac  spine. 

The  structure  most  frequently 
found  precisely  under  Munro's  or 
McBumey's  point  is  the  ileocecal 
valve.  In  twenty-two  cases  the 
valve  was  immediately  below  or  near 
Munro's  point,  in  fourteen  above  and 
external  to  it,  and  in  fourteen  below 
and  internal  (Keith).  As  already 
stated,  the  appendix  is,  on  the  aver- 
age, about  one  inch  below  the  valve. 
After  the  abdomen  is  opened  the 
appendix  can  be  located  at  the  ileo- 
cecal angle,  or  the  cecum  lifted  up 
dragging  the  appendix  with  it,  unless 
the  latter  be  adherent.  The  longi- 
tudinal muscular  layer  of  the  large 
intestine  is  collected  into  three  flat 
bands  or  teniae — the  anterior  or 
omental,  the  posterior  or  mesocolic, 
and  the  internal  or  free.  Of  these,  the  anterior,  when  traced  down  to  its 
commencement,  will  lead  to  the  base  of  the  appendix.  This  means, 
however,  will  be  of  little  assist- 
ance when,  as  is  so  often  the 
case,  the  structures  are  inex- 
tricably matted  together  by 
adhesions.  The  appendix  when 
not  readily  found  may  be  her- 
niated, as  will  be  pi-esently 
shown. 

Pericecal  Fossae. — There 
are  several  fossae  or  pockets 
in  the  peritoneum  about  the 
cecum,  and  the  appendix  may 
be  lodged  in  either  of  two  of 
them  and  thus  be  hidden  from 
view  (retroperitoneal  hernia  of 
the  appendix) .  In  many  cases 
it  can  be  readily  extricated ;  in 
others  the  orifice  of  the  fossa 
becomes  closed  by  adhesions 
and  the  organ  is  found  with 
the  greatest  difficulty.  This 
condition  of  affairs  was  prob- 
ably the  case  in  many  examples  of  so-called  *' absence  of  the  appendix.''^ 
It  is  believed  that  inflammatory  phenomena  are  more  likely  to  originate 


Fig.  407. — Average  Position  of  the  Ileocecal 
Valve,  Cecum,  and  Appendix  on  Spino-umbil- 
ICAL  Line  (Keith). 
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in  such  herniated  appendices,  in  which  case  the  abscess  is  essentially 
retroperitoneal. 

These  fossae  are  the  ileocecal  or  ileo-appendicular,  and  the  subcecal 
or  retrocolic.  The  former,  situated  in  the  ileocecal  angle,  is  bounded 
in  front  by  a  fold  of  peritoneum — the  ileocecal  fold  (bloodless  fold  of 
Treves),  behind  by  the  mesoappendix,  and  above  by  the  end  of  the  ileum. 
The  orifice  looks  down  and  to  the  left;  it  is  quite  large,  as  a  rule,  admitting 
two  fingers  as  far  as  the  first  joints,  and  is  found  in  nearly  every  subject. 
Hernia  is  most  frequent  into  this  fossa. 

The  subcecal  fossa  is  bounded  in  front  by  the  posterior  walls  of  the 
ascending  colon  and  cecum,  behind  by  the  peritoneum  of  the  posterior 
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Fig.  408. — Obliqub  Transverse  Section  of  Femalb  Subjectt  through  Anterior  Superior 
Spine,  Umbilicus,  and  Disk  Between  Third  and  Fourth  Lumbar  VertebbjE  (Keith). 

abdominal  wall;  the  lateral  boundaries  are  made  up  of  folds  of  peritoneum. 
This  is  of  good  size  also,  an  inch  or  so  in  each  direction. 

Etiology. — While  physicians  are  positive  thinkers,  their  imagina- 
tions are  often  vivid.  This  is  well  exemplified  in  the  writings  on  the  etiol- 
ogy of  appendicitis.  In  text-books  the  writer  is  compelled,  for  the  sake  of 
completeness,  to  enumerate  the  prominent  theories  which  have  been  ex- 
pounded. 

Sex. — ^There  is  no  particular  reason  why  there  should  be  a  difference 
in  the  frequency  in  the  two  sexes,  notwithstanding  the  fact  that  in  our 
experience  there  were  more  males  than  females.  In  the  experience  of 
Sonnenburg  of  a  thousand  cases  of  appendicitis,  67  per  cent,  were  males. 
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In  a  series  of  Roux,  of  six  hundred  and  seventy  cases  53  per  cent,  were 
males.  Barbier's  six  hundred  and  sixteen  cases  included  76  per  cent, 
males.    Out  of  Deaver's  three  hundred  cases  61  per  cent,  were  males. 

Age. — Appendicitis  is  rare  in  infancy,  very  common  in  young  adults, 
fairly  common  in  middle  life,  and  unusual  in  the  aged.  The  prevalence 
of  the  disease  in  children  and  adolescents  is  explained  by  the  fact  that 
during  the  period  of  growth  the  lymphoid  structures  are  overactive  in 
their  development,  which  may  be  the  cause  of  their  involvement.  The 
diminution  in  frequency  in  later  life  is  due  to  a  more  careful  diet  and 
more  rational  mode  of  living;  furthermore,  to  the  fact  that  adenoid  struc- 
tures have  atrophied,  the  lumen  of  the  appendix  has  gradually  contracted 
and  in  this  way  excluded  the  possibility  of  admission  of  fecal  matter  and 
foreign  bodies. 

Appendicitis  was  believed  to  be  more  common  in  the  United  States, 
and  its  prevalence  has  been  attributed  to  the  strenuous  life  and  the  lack 
of  proper  attention  to  eating.  This  is  not  in  accordance  with  the  facts; 
it  has  not  been  more  prevalent,  but  was  more  uniformly  recognized,  more 
heroically  and  conservatively  operated  by  American  physicians  and  surgeons 
than  by  any  other.  Indeed,  it  was  ironically  called  in  many  European 
clinics  the  **  American  disease."  The  laity  of  this  country  appreciate  the 
danger  of  delay  and  consequently  demand  early  surgical  relief,  which,  no 
doubt,  is  an  important  factor  in  increasing  the  number  of  cases  operated 
and,  thereby,  the  number  of  lives  saved  in  America. 

Family  Appendicitis. — It  is  an  established  fact  that  appendicitis 
is  more  prevalent  in  some  families  than  in  others.  This  hereditary  ten- 
dency is  probably  due  to  a  pecuhar  conformation  of  the  appendix  or  to 
diminished  resistance  to  infection,  and,  no  doubt,  to  the  fact  that  the  mode 
of  life  and  diet  of  the  individuals  are  similar.  On  the  other  hand,  certain 
families  seem  to  have  a  comparative  immunity  against  the  disease.  We 
have  repeatedly  operated  on  two  or  more  members  of  the  same  family 
and,  not  infrequently,  within  a  short  period  of  time. 

Trauma. — In  1892  we  called  attention  to  the  fact  that  trauma  is 
occasionally  an  exciting  factor.  In  an  analysis  by  von  Neumann  from 
Bramann's  clinic,  trauma  figures  ten  times  among  one  hundred  and  fifty- 
two  cases  as  an  etiologic  factor  either  fram  a  direct  injury  to  the  abdomen 
or  from  lifting.  While  trauma  from  without  is  not  of  very  great  impor- 
tance, we  consider  irritation  of  fecal  concretions  of  great  significance  in 
the  causation  of  appendicitis.  The  mechanical  theory  has  its  advocate 
in  Talamon.  He  states  that  if  the  lumen  is  obstructed  by  fecal  concre- 
tions the  wall  of  the  appendix  contracts  and  the  glands  of  the  mucosa 
become  h^'peractive,  throwing  out  a  greater  quantity  of  fluid,  and,  as  it 
has  no  exit,  it  dilates  the  lumen,  presses  upon  the  blood-vessels,  and  in 
this  way  interferes  with  proper  circulation;  furthermore,  the  stasis  of  the 
fluid  constitutes  an  excellent  medium  for  the  bacterial  flora  of  the  intes- 
tine, the  virulence  of  which  is  greatly  increased  under  these  circumstances. 
Dieulafoy  considers  appendicitis  a  result  of  the  occlusion  of  the  appendix, 
either  by  calculi,  foreign  bodies,  or  stricture;  even  a  simple  edema  of  the 
mucosa  may  be  capable  of  obstructing  the  lumen.    The  micro-organisms 
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become  very  virulent  if  they  are  retained  under  pressure.  This  statement 
is  confirmed  by  the  experiments  of  Klecki,  who  ligated  the  mesentery  of 
the  appendix  and  induced  in  this  way  a  passive  h3rperemia.  The  harm- 
less colon  bacilli  were  considerably  increased  in  virulence  when  venous 
stasis  was  present.  According  to  him,  it  is  not  necessary  that  the  appen- 
dix should  lose  its  patency  in  order  to  have  an  increase  in  virulence,  as  any 
cause  which  produces  venous  stasis  is  sufficient  to  increase  the  infection, 
irrespective  of  the  occlusion  of  the  lumen.  Foreign  bodies,  kinks,  and 
twists  favor  venous  stasis.  Pozzi  mentions  the  possibility  of  occlusion 
by  Gerlach's  valve.  While  the  presence  of  a  foreign  body  is  unques- 
tionably imfavorable,  it  may  be  present  for  months  and  years  without  pro- 
ducing erosion,  the  atrium  which  admits  micro-organisms  into  the  inter- 
cellular spaces  of  the  mucosa  causing  inflammation. 

The  proximity  of  the  appendix  to  other  inflamed  organs  very  fre- 
quently produces  what  may  be  called  secondary  appendicitis;  for  example, 
an  appendix  situated  in  the  pelvis  in  intimate  relationship  with  an  in- 
flamed tube  or  ovary  or  with  a  pelvic  exudate,  regardless  of  its  origin, 
with  infected  cyst«  of  the  broad  ligament  or  of  the  ovaries,  may  become 
secondarily  affected.  This  is  illustrated  time  and  again  in  gynecologic 
work  where  a  pathologic  appendix  is  included  in  the  diseased  structures 
of  the  pelvis.  No  doubt  in  many  cases  it  is  either  difficult  or  impossible  to 
say  whether  the  appendicitis  was  the  primary  or  a  secondary  infection, 
but  the  more  extensive  involvement  of  the  pelvic  organs,  in  addition  to 
a  suggestive  history  as  to  primary  involvement  of  the  adnexa,  will  facili- 
tate the  differential  diagnosis.  Inflammations  of  the  appendix  are  fre- 
quently secondary  to  those  of  the  gall-bladder,  as  emphasized  by  Dieu- 
lafoy,  but  the  reverse  has  been  our  observation.  Appendical  infection, 
next  to  typhoid,  is  the  most  common  etiologic  factor  in  cholelithiasis  and 
cholecystitis. 

Intestinal  parasites — amoeba  coli,  for  instance — have  occasionally 
caused  appendicitis.  Among  two  hundred  autopsies  in  children  under 
twelve  years  of  age,  Still  found  oxjoiris  in  thirty-eight  cases,  twenty- 
five  of  which  contained  the  parasite  in  the  appendix,  the  latter  showing 
evidence  of  catarrhal  inflammation.  Metchnikoff  reported  a  few  cases 
of  appendicitis  due  to  parasites;  Monash  observed  in  his  own  practice  and 
collected  a  number  of  cases  of  this  class;   others  have  since  reported  cases. 

Diet. — Lucas-Championni^re  (1904),  in  an  analysis  of  22,000  patients 
among  Roumanian  peasants,  found  but  one  case  of  appendicitis;  they 
live  mostly  on  vegetables.  The  Roumanians  living  in  the  city,  chiefly 
on  animal  diet,  are  frequently  affected;  one  case  of  appendicitis  among 
every  two  hundred  and  twenty-one  patients.  The  vegetarian  diet  of 
the  Japanese  and  of  the  Indians  of  India  seems  to  protect  them  against 
appendicitis.  The  absence  of  appendicitis  among  the  Arabs  living  in 
tribes  and  on  vegetables,  with  its  prevalence  among  those  in  cities,  where 
meat  is  the  chief  diet,  has  already  been  spoken  of. 

Golubof  considers  appendicitis  as  an  infection  sui  generis  resembling 
follicular  tonsillitis.  Sir  James  Grant  and  Henry  M.  Lyman  see  a  relation- 
ship between  rheumatism  and  appendicitis.  Finney  and  Hamburger 
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state  that  articular  involvement  may  be  present  either  during  or  preced- 
ing an  attack  of  appendicitis. 

According  to  Sonnenburg,  appendicitis  is  more  frequent  during  epi- 
demics of  la  grippe.  This  is  an  orderly  sequence  of  the  numerous  general 
intestinal  infections  from  that  disease.  Constipation,  which  is  considered 
by  many  an  etiologic  factor,  is  entirely  ignored  by  Deaver. 

Ochsner  observed  attacks  of  appendicitis  in  children  as  the  result  of 
some  indiscretion  in  diet.  In  almost  every  case  which  came  under  his  obser- 
vation the  condition  was  previously  diagnosed  as  acute  gastritis,  and  only 
after  the  symptoms  became  very  serious,  was  the  proper  diagnosis  made. 
The  bacteriology  of  the  appendix  was  entirely 
unknown  until  1891,  when  its  study  was  undertaken 
by  Adenot  and  Guillioud  in  France.  The  nature  of 
the  infection  in  the  appendix  can  be  studied  in  var- 
ious ways :  first,  by  making  smears  or  cultures  from  its 
contents;  second,  by  blood-cultures.  The  smear  has 
the  advantage  of  giving  immediate  results  and  also  of 
showing  all  varieties  of  bacteria  that  may  be  present 
in  the  lumen,  whereas  the  culture  is  inaccurate  unless 
carefully  plated,  as  the  colon  bacillus  has  the  cultural 

I^^^D^^  peculiarity  of  overpowering  other  micro-organisms 

^^^^H^^  during  growth,  and  therefore  a  culture  is  an  insuf- 
cient  evidence  of  the  bacterial  flora  of  the  appendix. 
Blood-cultures  are  of  value  when  the  infection  has 
invaded  the  general  circulation;  in  other  words,  in 
septicemia. 

The  natural  agent  of  infection  in  most  of  the  cases  of 
appendicitis  is  the  colon  bacillus,  as  it  is  the  nonnal  guest 
of  the  large  intestine,  in  a  semi-saprophytic  state.  It  is 
capable  of  increasing  its  virulence  under  circumstances 
already  mentioned,  but  one  should  not  forget  the  cultural 
peculiarities  above  indicated  which  make  the  bacteriologic 
records  quite  misleading. 

In  our  experience  the  order,  as  concerns  the  flora  of  the 
appendix,  is  tne  following:  bacillus  coli  communis,  staphy- 
lococcus pyogenes  aureus  and  albus,  streptococcus,  pneumo- 
coccus,   bacillus  tuberculosis,  actinomyces. 

The  streptococcus  is  often  the  agent  of  fatal  peritonitis, 

either   alone    or   associated    with   other   micro-organisms. 

Symbiosis  is  unfavorable  for  its   growth.      The  virulence 

of  the  streptococcus  is  very  variable  and  upon  it  depends,  to  a  great  extent,  the 

degree  of  sepsis. 

The  range  in  variety  and  virulence  of  the  micro-organisms  is  very 
limited  and  much  less  than  is  usually  supposed,  as  the  intestinal  contents 
are  uniformly  subjected  to  practically  the  same  treatment  in  the  process 
of  digestion.  Nearly,  if  not  all,  of  the  micro-organisms  and  spores  are 
destroyed  in  the  stoiriach,  except  those  whose  normal  habitat  is  the 
intestinal  tract.  This  accounts  for  the  regularity  and  uniformity  as 
to  time,  degree,  and  toxicity  of  the  infections  resulting  from  appendical 
and  intestinal  perforations,  and  the  uniformity  with  which  good  results, 
can  be  obtained  by  timely  and  intelligent  intervention. 


Fig.  409. — Early  Gan- 
qrene  of  the  ap- 
pendix over  a 
Fecal  Calculus; 
Appendix  Opened. 


TYPHLITIS,   PERITYPHLITIS,   EPITYPHLITIS. 


739 


Pathology.— Until  the  last  quarter  of  the 
nineteenth  century  most  of  the  clinicians  thought 
that  the  primary  origin  of  the  pathologic  process 
was  in  the  cecum. 

The  pathologic  process  may  involve  one,  two, 
or  all  the  coats  of  the  appendix.  In  the  catarrhal 
form  the  mucosa  alone  is  involved.  It  has  lost  its 
rosy  appearance  and  the  folds  are  either  swollen 
or  have  disappeared.  In  many  instances,  in  the 
acute  form  of  appendicitis,  if  the  appendix  is  re- 
moved before  the  neighboring  coats  are  grossly 
involved,  diffuse  petechial  hemorrhages  have  taken 
place  into  the  submucosa,  and  glisten  through  the 
mucous  membrane.  These  petechial  hemorrhages 
always  correspond  to  a  marked  leukocytic  invasion 
of  the  mucosa,  submucosa,  and  muscularis,  and  are 
gross  evidence  of  the  acuteness  of  the  process.  In 
cases  operated  in  from  three  to  eighteen  hours  after 
the  onset  of  symptoms,  this  is  often  the  only  indica- 
tion of  disease,  presenting  the  picture  of  an  intense, 
acute  granular  ophthalmia;  here  the  process  may 
entirely  subside,  through  intra-intestinal  drainage. 

Where  the  infection  is  more  intense  and  the 
edema  and  infiltration  of  the  mucosa  more  ex- 
tensive, there  Is  a  rapid  local  or  general  gangrene 
of  the  mucosa. 


Fig.  410. — Early  Perfo- 
ration OF  Appendix 
OVER  THE  Distal  of 
Two  Calculi.  Gan- 
grene OVER  Both. 


The  rapid  destruction  of  the  appendical  mucosa  or  entire  wall  is  due  to  three 
elements,  in  the  following  order  of  importance: 

First:    The  presence  of  pus — type  not  significant — under  tension  causes  an 


A  B 

Fig.  411. — Showing  a  Perforation  into  the  Mesentery. 
A,  Ebcternal  appearance;   B,  from  the  mucous  surface  with  the  appendix  opened. 
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ischemia  of  the  edematous  and  infected  mucosa,  which  increases  the  toxic  and  biotic 
destructive  effect  of  the  micro-organism. 

Second :  Virulence  of  the  micro-organism  hastens  the  destruction. 
Third:  Pus  products  in  all  parts  of  the  body  are  rapidly  absorbed  when  held 
under  tension;  there  is  also  more  rapid  destruction  of  tissue.  The  inelasticity  of 
the  wall  of  the  appendix  contributes  to  this  high  tension.  The  ischemia  produced 
by  the  compression  favors  the  rapid  invasion  and  early  biotic  and  toxic  necrosis 
of  the  tissues.  Complete  gangrene  of  the  mucosa  has  been  observed  as  early  as 
seven  hours  after  the  initial  colic  (Fig.  409).  The  gangrenous  process  may 
involve  all  of  the  walls  in  a  circumscribed  area,  or  all  of  the  appendix  from  tip  to 

base  (Fig.  410).     This 
I  strangulation     is    not 

due  to  occlusion  of 
the  artenr,  but  to  an 
ischemia  from  the  local 
pressure  of  the  accu- 
mulated products. 

If  the  lumen  con- 
tains a  fecal  calculus  or 
foreign  body,  the  pres- 
sure of  this  causes  an 
ulceration  or  gangrene 
of  the  segment  sur- 
rounding it  and  tends 
to  very  early  perfora- 
tion at  this  point. 

The  gangrenous 
zone  may  be  surround- 
ed or  supported  by  ad- 
hesions, or,  if  rapidly 
formed,  may  remain 
exposed  in  the  free 
peritoneal  cavity  until 
such  time  as  the  gan- 
grenous tissue  separ- 
ates from  the  living 
and  permits  the  escape 
of  the  appendical  con- 
tents into  the  peri- 
toneal cavity. 

A  milder  type  of 
infection  often  pro- 
duces a  suppuration 
of  the  mucosa,  with 
retention  of  the  pus, 
the  submucosa  and 
muscularis  showing  a 
mild  infiltration  only 
and  no  tendency  to 
gangrene,  but  often 
perforation  into  the 
mesoappendix,  which 
is  the  place  of  least 
resistance.  It  results 
in  a  mesoappendical 
mesenteric  abscess  (Fig.  412);  the  point  of  perforation  may  be  not  larger  than  the 
eye  of  a  darning-needle,  and  when  the  edema  and  swelling  of  the  appendix  subside, 
the  abscess  may  drain  (Fig.  411)  through  the  appendix  into  the  cecum.  The  appen- 
dical wall  may  perforate  through  other  portions  than  the  mesoappendical  margin 
and  cause  a  circumscribed  intraperitoneal  abscess  or  a  peritonitis. 

The  pus  may  invade  the  retroperitoneal  or  retrocecal  tissues  and  produce  what 
has  been  called  a  phlegmonous  retroperityphlitis  or  extraperitoneal  fecal  abscess. 
This  pus  may  find  its  exit  through  the  posterior  abdominal  wall:  into  the  free 
peritoneal  cavity;  into  the  intestinal  tract;  or  it  may  form  a  circumscribed  abscess 
and  remain  weeks  or  months  encapsulated. 


Fig.  412. — Illustrating  Mesenteric  Abscess. 
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The  above  descriptions  refer  to  the  acute  process.  In  tlie  chi-onic 
fonn  the  lumen  is  partly  obliterated  by  adhesions  or  as  a  result  of  hyper- 
plasia; the  mucous  membrane  is  then  rather  fibrous  in  appearance. 
It  may  contain  one  or  several  calculi.  The  appendix  now  assumes 
various  shapes,  depending  upon  the  position  in  which  the  external  adhe- 
sions fix  it  to  neighboring  structures.  In  places  it  is  constricted  or  flexed 
by  adhesions  and  the  constriction  corresponds  to  an  obliteration  of  the 
lumen.  Its  wall  may  be  infiltrated,  its  neck  occluded,  and  a  retention  cyst 
may  have  developed.  The  tip  of  the  appendix  may  become  adherent  to 
distant  organs,  as  the  female  genitalia  (see  Fig.  413),  the  rectum,  liver, 
gall-bladder,  spleen,  etc.  In  many  instances  it  may  be  so  displaced  and 
distorted  that  a  careful  dissection  is  required  in  order  to  restore  its 
original  position.    Occasionally  the  tip  may  be  adherent  to  the  iliac 


Fio.  418. — ^Vbrmiporm  Appendix  Adherent  to  Right  Ovary  and  Tube  with  Abscess  in  the 

Pelvis. 


vessels,  aa  normally  they  are  in  close  proximity.  Now  and  then,  the 
appendix  may  be  entirely  absent,  as  the  result  of  auto-amputation,  a 
sequence  of  destructive  pathologic  processes.  It  may  be  found  adherent 
with  its  tip  on  some  distant  organ  and  the  base  floating  free  in  the  ab- 
dominal cavity,  or  the  appendix  may  have  become  gangrenous  and 
been  eliminated  through  the  bowel  with  the  pus. 

The  appendix  may  be  the  seat  of  a  tuberculosis,  with  the  same  clinical  mani- 
festations as  in  the  acute  infections,  or  with  symptoms  of  chronic  appendicitis. 
In  every  case  of  suspected  tuberculosis  either  the  ocular  or  hypodermic  tuberculin 
test  should  be  made.  In  the  former  one  drop  of  a  1  per  cent,  solution  of  Koch's 
tuberculin  (old)  in  normal  salt  solution  is  dropped  into  the  conjunctival  sac;   the 
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first  symptoms  of  a  positive  reaction  appear  in  from  six  to  twelve  hours  usually, 
though  they  may  be  delayed  for  twenty-four  hours  or  more.  Their  presence  is 
indicated  by  a  "scratchy^*  feeling,  secretion  and  redness  of  the  inner  canthus, 
caruncle,  or  conjunctiva,  disappearing  entirely  in  from  one  to  three  days.  If  for 
any  reason  the  test  is  to  be  repeated  soon,  the  opposite  eye  must  be  used,  as  the 
previous  use  seems  to  sensitize  the  conjunctiva  and  diagnostic  errors  may  result. 
This  is  a  most  reliable  and  harmless  method,  as  a  healthy  individual  gives  no  reaction. 
The  hypodermic  injection  of  5  mg.  of  the  old  tuberculin  produces  a  typical  con- 
stitutional reaction  causing  malaise,  headache,  and  an  elevation  of  temperature 
to  101°,  102®.  or  even  103°  at  the  end  of  twenty-four  hours.  In  an  aaditional 
twenty-four  hours  these  symptoms  entirely  subside.  It  occasionally  causes  the 
symptoms  of  an  acute  appendicitis  when  the  appendix  is  tuberculous,  as  observed 
by  Neflf. 

Foreign  Bodies  and  Calculi  in  the  Appendix. — Fecal  calculi  are 
composed  of  feces,  salts  of  calcium  and 
magnesium,  mucus,  and  desquamated 
epithelium;  the  nucleus  maybe  a  foreign 


Fig.  414. — Cicatricial   Obliteration  of   the  Ap- 
pendix, Encapsulating  Fecal  Calculi. 


Fig.  416. — Atrophy  op  Mucoba  Pro- 
duced BY  Calculus  now  Free  in 
the  Lumen. 


body.  Calculi  may  be  single  or  multiple;  they  may  be  loose  in  the  lumen 
(Fig.  415),  firmly  impacted,  or  encapsulated  in  scar  tissue  (Fig.  414), 
and  upon  this  depends  the  integrity  of  the  mucous  membrane. 

In  my  cases  foreign  bodies,  seeds,  gall-stones,  capsules,  etc.,  were 
present  in  a  little  less  than  2  per  cent,  of  the  cases.  Fecal  concretions 
were  found  in  38  per  cent,  of  the  acute  cases  operated.  Fitz  found 
fifteen  concretions  in  three  hundred  cases.  In  four  hundred  and  fifty- 
nine  autopsies  analyzed  by  Ranvier,  there  were  one  hundred  and  seventy- 
nine  concretions  and  sixteen  foreign  bodies. 

Adhesions  around  the  appendix  are  very  common  and  are  permanent 
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records  of  antecedent  pathologic  changes.  There  seems  to  be,  in  some 
individuals,  a  tendency  to  extensive  adhesions  irrespective  of  the  degree 
of  inflammation,  the  disproportion  being  occasionally  very  striking. 
In  operating  on  a  case  in  which  the  diagnosis  was  chronic  appendicitis, 
the  patient  having  no  history  of  an  acute  attack,  her  suffering  having 
been  comparatively  moderate,  still,  on  opening  the  abdomen,  the  appendix 
was  found  embedded  in  strong  adhesions,  and  almost  every  square  inch 
of  colon  and  ileum  for  some  distance  from  the  appendix  was  firmly 
matted  by  adhesions.  The  separation  required  a  ver}'^  extensive  dissec- 
tion and  subsequent  filling  of  the  peritoneal  cavity  with  nitrogen  gas 
to  prevent  recurrence.  Whenever  these  adhesions  are  found  at  operation, 
one  can  usually  elicit  from  the  patient  a  definite  history  of  an  abdominal 
inflammation  treated  under  some  other  name  than  appendicitis. 

Adhesions  between  the  appendix  and  visceral  peritoneum  do  not,  as  a 
rule,  cause  pain;  it  is  the  adhesions  to  the  parietal  peritoneum  only 
which  produce  pain.  Many  patients  recover  from  an  attack  of  appendi- 
citis without  its  having  been  recognized  as  such.  Among  five  hundred 
autopsies  analyzed  by  Taft,  36  per  cent,  showed  evidences  of  an  attack 
of  appendicitis  at  some  time  during  life.  Among  thirty-seven  hundred 
and  seventy  autopsies  at  the  Boston  City  and  Johns  Hopkins  Hospitals 
three  hundred  and  twenty-five,  or  8.62  per  cent.,  presented  adhesions 
around  the  appendix. 

M.  Letulle,  after  studying  over  one  thousand  human  appendices,  concludes  that 
in  the  adult  almost  no  appendix  is  ever  perfectly  normal.  In  all,  at  some  point 
of  the  organ,  the  submucous  follicles  appear  large,  thickened,  proliferated,  deformed, 
and  deforming  the  tubular  glands.  These  points  are  surrounded  by  a  sclerotic 
zone,  a  relic  of  past  inflammation,  without  direct  relation  to  the  terminal  disease. 
Very  often  the  muscularis  mucosse  is  more  dense  and  thickened.  Finally,  the 
vasculo-connective  tissue  making  up  the  submucosa  is  thickened,  condensed,  and 
has  lost  its  fat  cells.  Acute  perforating  appendicitis  then  develops  in  the  major 
number  of  cases  in  an  organ  previously  attacked.  Operated  appendices  often  pres- 
ent an  appearance  call^  "hemorrhagic  folliculitis."  This  lesion,  which  is  found 
only  in  the  operated  appendices,  is  the  sequence  of  the  violent  ligation  of  the 
organ  before  its  ablation;  it  is  a  follicular  apoplexy. 

Many  observers  in  clinics  have  criticized  the  operators  for  removing  "normal" 
appendices  based  entirely  on  the  gross  appearance  at  the  time  removed.  The 
above  facts  given  by  Letulle  show  how  indiscreet  and  ill-founded  such  comments 
are. 

The  topography  of  a  pathologic  appendix  is  very  different  from  that 
of  the  normal.  In  about  50  per  cent,  of  the  acute  cases  we  have  found 
the  appendix  in  the  pelvis,  and  in  a  large  proportion  of  these  the  abscess 
was  entirely  confined  to  the  pelvis  and  not  always  to  the  right  half. 
The  appendix  is  rarely  found  behind  the  peritoneum,  although  retro- 
peritoneal abscesses  are  not  rare,  due  to  perforation  and  not  to  malposi- 
tion of  the  appendix.  Many  times  it  is  embedded  in  the  wall  of  the 
caput  coli,  posteriorly,  a  position  always  pathologic,  never  anatomic. 
In  the  intermediate  operations,  as  well  as  in  the  acute  stage,  it  is  occasion- 
ally found  attached  to  the  ileum.  Twice  we  found  it  strangulated  and 
gangrenous  in  a  femoral  hernia,  and  a  number  of  times  in  the  acute  and 
intermediate  operations  in  inguinal  hernial  sacs.  A  pathologic  appendix 
may  be  situated  on  the  left  side,  either  in  cases  of  transposition  of  viscera, 
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or  without  such  transposition.  We  found  the  entire  appendix  to  the 
left  of  the  median  line  in  two  cases.  In  one  it  was  adherent  to  the  left 
tube  and  in  the  second  to  the  transverse  colon.  In  many  of  the  acute, 
and  even  in  the  intermediate  cases,  the  tributary  lymph-nodes  in  the 
mesentery  are  enlarged.  Occasionally  they  may  suppurate,  even  after 
the  subsidence  of  an  attack.  In  chronic  appendicitis  the  organ  shows 
an  infiltration  and  thickening  of  the  walls,  which,  together  with  enlarged 
lymph-nodes,  may  suggest  either  malignancy  or  tuberculosis;  it  is 
therefore  imperative  to  dissect  out  one  or  two  lymph-nodes  for  diagnostic 
purposes.     An  appendix  which  has  been  subjected  to  repeated  inflam- 
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Fio.  416. — Carcinoma  of  the  Vermiform  Appendix  (RoUeston  and  Jones). 


mations,  especially  in  individuals  past  forty,  may  be  partly  or  totally 
obliterated.  In  other  words,  obliteration  may  be  the  sequence  of  repeated 
pathologic  processes  in  the  appendix  or  it  may  be  a  physiologic  atrophy. 

The  vermiform  appendix  may  be  invaded  by  tuberculosis  or  actinomy- 
cosis; it  may  be  involved  in  typhoid  fever.  These  conditions  will  be 
considered  under  the  special  forms  of  appendicitis. 

Intestinal  parasites  may  find  entrance  into  the  appendix  and  produce 
an  inflammatory  reaction.  The  ordinary  round-worms  have  l^een  re- 
peatedly found.  The  echinococcus  was  found  in  the  appendix  by  SchoUer 
and  Birch-Hirschfeld.     Still,  in  two  hundred  autopsies  in  children  under 
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twelve  years,  found  the  oxyuris  in  thirty-eight  cases,  it  being  present 
twenty-five  times  in  the  appendix. 

Hoppe-Seyler  reported  a  case  of  amebic  enteritis  in  which  the  amoeba 
coli  produced  an  inflammatory  reaction  in  the  appendix. 

Neoplasms,  either  benign  or  malignant,  may  be  found  in  the  appendix;  among 
the  former,  polypi,  myomata,  fibromata,  myxomata,  and  lipomata;*  among  the 
latter  carcinoma,  sarcoma,  and  endothelioma,  either  primary  or  secondary. 

In  diseases  of  the  lymphoid  organs — Hodgkin's  disease,  for  example — the 
lymphoid  follicles  of  the  appendix  may  be  involved,  as  was  shown  by  Hektoen. 

Carcinoma  of  the  api>endix  is  not  common  if  we  judge  from  the  post-mortem 


Fio.  417. — Showing  Fibrino-purulent  Peritonitis  Locaijzed. 

records  of  various  large  institutions.  It  is  no  doubt  often  overlooked  on  the  operat- 
ing as  well  as  on  the  post-mortem  table,  since  the  lesions  are  usually  of  small  size. 
Maydl,  in  an  analysis  of  20,480  autopsies  performed  at  the  Vienna  General  Hospital 
from  1870  to  1881,  found  only  one  case  of  carcinoma  of  the  appendix  among  one 
hundred  cases  of  carcinoma  of  the  intestinal  tract.  In  20,358  autopsies  analyzed 
by  Nothnagel  in  the  interval  from  1882  to  1893,  there  was  one  case  of  carcinoma 
of  the  appendix  among  two  hundred  and  forty-three  cases  of  carcinoma  of  the 
intestinal  tract.  Leichtenstem's  clinical  and  post-mortem  records  show  three  cases 
among  seven  hundred  and  seventy. 

*  Benign  tumors  are  not  common.     Deaver  found  two  cases  of  fibromyomata. 
In  one  case  the  patient  had  fibromyomata  of  the  uterus. 
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At  present  there  are  on  record  about  forty  cases  of  primary  carcinomata  of  the 
appendix.  Strangely  enough,  all  were  reported  within  the  last  ten  years,  which 
suggests  the  probability  of  more  extensive  and  more  careful  examination  of  all 
appendices  removed  recently.  Rolleston  and  Jones  '^  collected  thirty-seven  cases  of 
primary  carcinoma.  The  youngest  patient  was  twelve  (Letulle  and  Weinberg),  the 
oldest  were  sixty-six  and  eighty-one  (Kelly,  Elting),  the  average  being  30.6  years 

"Further,  the  age-incidence  varies  in  the  different  kinds  of  carcinomata  of 
the  vermiform  appendix,  being  fifty-two  years  in  the  columnar-celled,  thirty-two 
in  the  transitional  forms,  twenty-four  in  the  spheroidal-celled,  and  25.5  in  those 
merely  described  as  'carcinoma.'  ** 

Sex. — There  is  no  marked  preponderance  of  either  sex. 


Flo.  418. — Topography  of  Secondary  Abscess  as  it  Appkars  to  thb  Left  of  the  Mesosio- 

MOID,  HAVING  ASCENDEO  FROM  THE  FeLVIS. 


This  neoplasm  has  a  predilection  for  the  tip  or  its  vicinity.  Concretions  were 
present  in  only  three  cases,  showing  that  irritation  was  not  an  important  exciting 
factor,  as  is  usually  the  case  elsewhere.  The  coats  of  the  appendix  showed  inflamma- 
tory changes,  which  suggests  the  possibility  of  some  relationship  between  inflamma- 
tion and  malignancy.  Carcinoma  of  the  appendix  gives  no  especial  symptomatology. 
The  malignancy  of  the  neoplasm  is  not  great,  as  recurrence  was  rare  in  the  operated 
cases  reported. 

Pre-operative  Complications.— Peritonitis.— The  pus  may  escape 
into  the  peritoneal  cavity  and  produce  an  acute  peritonitis,  the  severity 
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of  which  depends  upon  the  type  of  infecting  micro-organism  and  its 
degree  of  virulence.  In  many  cases,  however,  the  abscess  is  limited  to  the 
periappendical  structures  by  the  protecting  adhesions  of  the  omentum 
and  intestine  which  surround  and  wall  off  the  abscess.  In  occasional 
cases  the  infection  may  produce  a  progressive  fibrinopurulent  peritonitis, 
iis  described  by  Mikulicz.  (See  Fig.  417.)  The  circumscribed  abscesses 
of  the  pelvis  are  usually  extensions  of  the  suppurative  process  from  the 
iliac  fossa  into  the  pelvis.  They  may  extend  across  the  pelvis  and  up 
into  the  left  iliac  fossa,  to  bear  the  same  relation  to  the  left  anterior 
superior  iliac  spine  that  the  appendical  abscess  bears  to  the  right.    The 


Fig.  419. — Showing  the  Secondary  Abscebs  between  the  Sigmoid  and  the  Great  M  esentert. 


pus  may  be  to  the  outer  side  of  the  sigmoid  and  can  be  attacked  extra- 
peritoneally.  (See  Fig.  418.)  More  frequently,  however,  it  is  to  the 
median  side,  between  the  great  mesentery  and  the  mesosigmoid,  and 
if  an  attempt  be  made  to  open  by  the  extraperitoneal  route  from  the 
iliac  fossa,  the  sigmoid  will  be  opened.  (See  Fig.  419.)  The  best  means 
of  opening  this  is  through  the  left  rectus  muscle,  just  to  the  median  side 
of  the  linea  semilunaris,  as  the  pus  will  be  found  to  the  median  side  of 
the  sigmoid,  and  often  just  beneath  the  abdominal  wall,  exactly  as  it  is 
in  the  following  condition,  in  which  the  pus  may  burrow  along  the  under 
surface  of  the  great  mesentery  and  accumulate  about  the  lower  pole  of 
the  left  kidney.    This  abscess  should  be  opened  as  the  preceding,  or, 
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rarely,  from  behind.  Occasionally  an  abscess  forms  behind  the  caput 
coli  and  ascending  colon  (see  Fig.  420)  and  ruptures  or  is  opened 
through,  the  right  loin.  Usually  the  infiltration  is  very  great  for  the 
small  quantity  of  pus  present,  the  rule  with  colon  bacillus  infections  of 
cellular  tissue. 

Subphrenic   and   Hepatic   Abscess. — ^The  subphrenic  region  may 
become  infected  (see  Fig.  420)  secondarily  to  appendicitis,  either  through 

the  lymphatics, 
which  is  rare,  or  by 
continuation  of  the 
infective  process 
along  the  outer  side 
of  the  colon.  Maydl 
collected  one  hun- 
dred and  seventy- 
nine  cases  of  sub- 
phrenic abscess; 
twenty-three  were 
secondary  to  ap- 
pendicitis; Lang 
found  twenty  cases 
secondary  to  ap- 
pendicitis among 
one  hundred  and 
seventy-six;  Weber, 
nine  cases  among 
six  hundred  cases 
of  appendicitis  op- 
erated upon  by  Son- 
nenburg.  Three 
hundred  and  fifty 
of  these  had  periap- 
pendical  abscesses. 

The  liver  may 
be  secondarily  in- 
fected by  septic 
material  trans- 
mitted to  it  by  the 
portal  vein.  The 
portal  vein  was 
thrombosed  in  ten 
cases  out  of  eigh- 
teen hundred  and  ninety  autopsies  at  the  Boston  City  Hospital.  Baren- 
sprung  found  among  one  hundred  and  eight  liver  abscesses  in  a  series 
of  seventy-three  hundred  and  twenty-six  autopsies  performed  in  Berlin 
from  1859  to  1873,  that  eight  were  of  appendical  origin.  A  direct 
transmission  of  septic  material  from  the  surface  into  the  parenchyma 
along  the  lymphatics  may  take  place  in  a  small  zone  on  the  right  lobe 


Fio.  420. — Abrcess  Abcbndino  to  thb  Right  of  the  Colon  and 
Extending  Upward  into  the  Subphrenic  Space. 
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just  to  the  right  of  the  attachment  of  the  gall-bladder,  where  a  lymphatic 
stream  leads  from  Glisson's  capsule  into  the  parenchyma. 

Pylephlebitis  is  not  an  uncommon  occurrence  in  late  or  unoperated 
cases  of  appendicitis.  In  the  years  1905  and  1906  we  had  three  such 
cases  in  our  practice.  The  infection  travels  in  the  ileocecal  vein  to  the 
portal;  here  multiple  thrombi  and  abscesses  form,  the  infection  extends 
to  the  spleen  and  liver;  multiple  foci  of  suppuration  appear  in  both. 
Metastatic  abscesses  appear  in  the  lungs,  kidneys,  etc.  All  of  these  cases 
have  recurrent  chills  and  fever,  tympany,  often  diarrhea,  night-sweats, 
emaciation,  etc.,  and  terminate  fatally.  Pylephlebitis  occurs  much 
more  frequently  than  is  generally  believed. 

Pleuritis. — ^The  pleura  may  be  infected  by  extension  along  the 
lymphatics  or  infection  may  result  from  a  pulmonary  infarct.  It  may 
also  be  the  result  of  direct  perforation  of  a  subphrenic  abscess.  An 
appendical  abscess  may  extend  upward  behind  the  liver  and  penetrate 
into  the  pleural  cavity. 

Vascular  Complications. — ^The  arteries  or  veins  may  become 
infected  from  the  appendix.  Its  proximity  to  the  iliac  veins  may  produce 
a  phlebitis  and  thrombosis  of  these  vessels,  resulting  in  septic  embolism 
and  metastatic  abscesses  in  the  general  circulation.  The  iliac  artery 
or  vein  may  become  eroded  and  perforate,  leading  to  severe  or  even  fatal 
hemorrhage,  but  this  is  a  rather  rare  complication.  This  vessel  may  be 
closed  by  thrombosis,  leading  to  gangrene  of  the  extremity. 

The  gall-bladder  is  frequently  secondarily  infected  by  a  pathologic 
appendix*  first,  by  direct  adhesion  of  the  infected  appendix  to  it;  and, 
second,  through  the  portal  circulation.  We  believe  that  appendicitis 
is  second  only  to  typhoid  fever  as  an  etiologic  factor  in  cholelithiasis. 
In  Ochsner's  experience  35  per  cent,  of  the  cases  of  gall-stones  had  previ- 
ously suffered  from  appendicitis.  The  kidneys  and  spleen  may  become 
secondarily  involved  by  metastasis. 

Hematemesis  is  a  rare  complication.  It  is  due  to  a  thrombosis  of  the  gastric 
portion  of  the  portal  vein.  Intestinal  hemorrhage  is  more  frequently  observed 
than  hematemesis  and  is  due  to  the  same  cause.  Jaundice  is  occasionally  noted, 
either  as  the  result  of  general  toxemia,  septic  hepatitis,  pylephlebitis,  or  obstruction 
of  the  common  duct  by  adhesions  from  a  primarily  inflamed  appendix. 

Cystitis  or  pericystitis  is  the  result  of  inflammation  of  an  appendix  situated 
in  the  pelvis  on  or  near  the  bladder. 

Retroperitoneal  infections  take  place  in  three  different  ways:  first, 
by  direct  communication  of  infection  from  the  appendix  into  the  cellular 
tissue;  second,  by  extension  of  infection  through  the  mesoappendix  to 
the  retrocecal  tissues;  and  third,  by  the  lymphatic  route.  Infection  of 
the  retrocecal  cellular  tissue  is  a  dangerous  complication  and  in  virulent 
cases  often  leads  to  extensive  gangrene  and  death.  Hence  early  drainage 
has  no  advantage,  as  the  infiltration  is  diffuse  and  sacculated  pus  forma- 
tion does  not  occur.  If  the  pus  is  virulent,  the  termination  through 
acute  intense  sapremia  is  fatal,  acting  very  much  like  the  virulent  post- 
partum infections  of  the  pelvic  cellular  tissue.  At  present  we  fear  this 
type  of  disease  more  than  we  do  general  infection  of  the  peritoneum. 
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Severe  cases  of  appendicitis  may  give  metastatic  infections  in  distant 
organs. 

Classification. — We  will  follow  the  writer's  classification  published 
in  the  '*  Journal  of  the  American  Medical  Association"  in  1894,  which  is 
accepted  by  Ochsner  as  a  basis  of  his  description  of  appendicitis  in  his 
able  work,  **  A  Hand-book  of  Appendicitis." 

1.  Simple  catarrhal  appendicitis,  accompanying  a  catarrhal  enteritis  and  with- 
out especial  symptoms,  except  slight  tenderness. 

2.  Ulceration  of  mucous  membrane  without  perforation. 

(a)  Pressure  atrophy  or  ulceration  from  fecal  concretion. 
(6)  Ulceration  with  purulent  accumulation. 

(c)  Typhoid  ulcer. 

(d)  Tuberculous  ulcer. 

(e)  Actinomycotic  ulcer. 

3.  Ulceration  with  perforation. 

4.  Gangrene  of  mucous  membrane,  dependent  upon  mechanic  compression 
by  foreign  bodies,  by  accumulated  fluid,  or  by  infection  of  the  wall. 

(a)  Local. 

(b)  (Jeneral. 

5.  Gangrene  of  appendix  complete,  by  compression  of  base  by  foreign  body, 
by  infection  of  the  wall,  or  by  torsion. 

(a)  With  perforation. 

(b)  Without  perforation. 

6.  Infection  of  peritoneal  cavity. 

(a)  Without  perforation,  local  or  general. 
(6)  With  perforation,  local  or  general. 

7.  Peritonitis. 

(a)  Local  peritonitis  without  limiting  adhesions. 
(6)  Circumscribed  abscess. 

(c)  General  diffuse  peritonitis  without  limiting  adhesions. 

Symptomatology. — The  symptoms,  in  the  order  of  their  occurrence, 
may  be  mentioned  as:  First,  pain  in  the  abdomen,  sudden  and  severe, 
primarily  referred  to  the  epigastrium,  followed  by  (second)  nausea  or 
vomiting,  most  commonly  between  three  and  four  hours  after  the  onset 
of  pain.  Third,  general  abdominal  sensitiveness,  most  marked  on  the 
right  side,  or  more  particularly  over  the  appendix.  Fourth,  elevation 
of  temperature,  beginning  from  two  to  twenty-four  hours  after  the  onset 
of  pain.  In  severe  cases  the  temperature  reaches  102°  to  103°  between 
eight  and  twelve  hours  after  the  initial  pain.  Fifth,  leukocytosis.  The 
symptoms  occur  almost  without  exception  in  the  above  order,  and  when 
that  order  varies  I  always  question  the  diagnosis.  If  the  nausea  and  vomit- 
ing or  temperature  precede  the  pain,  I  feel  certain  that  the  case  is  not 
one  of  appendicitis.  Where  the  temperature  alone  precedes  the  pain  for 
a  day  or  even  two  or  three,  then  I  am  always  fearful  that  it  is  typhoid 
fever  with  a  typhoid  ulcer  in  the  appendix.  I  had  nine  cases  of  this 
dclass;  the  first  thi*ee  were  operated  and  typhoid  ulcers  were  found  in 
the  appendix;  the  last  six  were  not  operated;  all  went  through  classic 
typhoid  courses  after  the  appendical  manifestations,  and  all  recovered. 
Where  sensitiveness  has  been  present  for  a  number  of  days,  and  partic- 
ularly where  it  is  low  in  the  pelvis,  I  have  found  the  focus  other  than 
appendical — that  is,  due  to  infection  of  the  tube,  tuberculous  peritonitis, 
etc. 

Pain  is  a  constant  and  uniform  symptom,  usually  colicky  in  character. 
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although  patients  vary  in  their  expressions  of  its  severity.  In  not  a 
single  ease  is  it  absent  as  an  initial  symptom.  It  usually  reaches  its 
acme  of  intensity  about  four  hours  after  its  onset  and  subsides  gradually 
in  the  majority  of  eases.  When  it  ceases  suddenly,  within  the  first 
thirty-six  hours,  the  subsidence  is  due  either  to  liberation  of  the  infective 
material  into  the  caput  coli,  rupture,  or  complete  gangrene.  Under  these 
conditions  the  pus  tension  is  relieved  and  the  absorption  diminishes  or 
stops.  With  the  cessation  of  pain  in  these  cases  comes  the  diminution 
or  cessation  of  absorption,  but  not  necessarily  a  dimimUion  or  cessation  of 
danqer,  as  is  so  commonly  though  erroneously  interpreted,  and  often 
with  fatal  result.  The  primary  pain  with  the  free  appendix  is  always 
referred  to  the  epigastric  surface  of  the  abdomen.  When  it  is  embedded 
on  the  caput  coli  or  fixed  to  the  parietal  peritoneum  or  adherent  in  the 
pelvis,  the  pain  is  then  announced  in  the  local  position  of  the  appendix. 

The  secondary  pain,  after  the  first  thirty-six  hours,  is  usually  n©t 
colicky,  but  of  the  typical  inflammatory  type  and  due  to  periappendical 
involvements.  Severe  pain  after  the  primary  subsidence  is  always  a 
signal  of  great  danger,  as  it  announces  a  beginning  peritonitis  from  per- 
foration. 

According  to  Mansell  MouUin,*®  the  pain  over  the  appendical  region 
is  due  to  active  peristalsis  of  the  cecum  or  appendix  pulling  upon  the 
peritoneal  attachment  to  the  abdominal  wall.  If  the  inflammatory 
process  progresses  and  involves  the  muscular  coat,  peristalsis  ceases, 
and  with  it  the  localized  pain  or  colic,  but  the  sensitiveness  remains. 

The  pain  in  appendicitis  may  be  referred  to  the  various  quadrants 
of  the  abdomen,  depending  upon  the  change  in  position  of  the  appendix, 
either  from  a  congenital  malposition  or  from  an  erratic  attachment — a 
sequence  of  inflammation.  The  pain  is  often  referred  to  the  gall-bladder 
region,  to  the  epigastrium,  the  umbilicus,  rectum,  or  chest.  In  the 
latter  case  it  may  be  due  to  a  concomitant  pleuritis  or  it  may  be  reflex 
in  origin.  In  one  case  there  was  no  tenderness  in  the  region  of  the  ap- 
pendix, although  the  history  was  highly  suggestive  of  appendicitis. 
The  patient  was  very  sensitive  on  perpendicular  percussion  below  the 
right  costal  arch,  and  a  possibility  of  gall-bladder  trouble  was  considered. 
The  operation  revealed  a  short  ascending  colon  with  the  appendix  adherent 
to  the  under  surface  of  the  liver. 

The  primary  nausea  and  yomiting  is  reflex,  due  to  overdistention  of 
the  appendix  from  the  accumulating  products  of  the  infection,  and  is 
the  same  type  of  nausea  and  vomiting  that  we  have  with  stone  suddenly 
impacted  in  the  neck  of  the  bladder  or  suddenly  passed  into  the  ureter. 
There  are  usually  only  a  few  efforts  at  emesis  and  the  nausea  then  passes 
away.  The  secondary  nausea  and  often  'persistent  vomiting  are  due  to 
the  periappendicular  involvement, — that  is,  infection  of  the  peritoneum, 
— and  the  vomiting  is  of  the  same  character  and  often  has  the  same 
persistence  as  vomiting  from  perforation  of  the  tube,  intestine,  or  stomach, 
into  the  peritoneum.  In  extensive  peritoneal  infections  the  vomiting 
continues  to  the  fatal  termination,  increasing  in  frequency  as  time  ad- 
vances and  absorption  increases. 
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The  abdominal  sensitiveness  is  at  first  diffuse,  although  the  abdominal 
wall  is  not  particularly  rigid.  When  the  appendix  becomes  fully  dis- 
tended and  tense,  it  will  not  tolerate  pressure  and  is  protected  by  a 
marked  rigidity  of  the  abdominal  muscles.  As  soon  as  the  acute  tension 
subsides  the  general  sensitiveness  disappears.  It  becomes  circumscribed 
in  the  area  of  the  appendix,  whether  it  be  McBumey's  point,  in  the  sub- 
hepatic space,  or  in  the  pelvis.  If  the  sensitiveness  has  been  once  cir- 
cumscribed to  a  small  area  and  increases  suddenly,  preceded  by  pain  and 
secondary  nausea  and  vomiting,  it  strongly  indicates  a  perforation  of 
the  circumscribed  adhesions  and  an  infection  of  the  general  peritoneum. 
In  endeavoring  to  palpate  the  appendix,  after  the  first  twenty-four  hours, 
the  greatest  care  and  caution  should  be  exercised;  severe  pressure  is 
likely  to  produce  separation  of  friable  adhesions  that  are  of  life-saving 
importance. 

Temperature  is  not  absent  in  a  single  acute  infective  case  in  its  early 
stage;  that  is,  in  the  first  thirty-six  hours  after  the  onset  of  the  symptoms. 
In  acute  obstruction  of  the  neck  of  the  appendix,  with  mild  infection, 
it  appears  later.  In  the  calcular  obstructions  it  is  often  not  manifest 
until  about  the  twentieth  to  the  twenty-fourth  hour  after  the  begin- 
ning of  pain.  I  will  not  operate  on  a  case  where  I  am  confident 
that  no  temperature  has  been  present  in  the  first  thirty-six  hours  of 
the  disease.  I  came  very  near  making  an  unnecessary  laparotomy  in  a 
case  of  this  character.  The  patient  had  typical  acute  onset  of  pain, 
nausea  and  vomiting,  local  sensitiveness,  and  tumor;  so  sensitive  was 
the  tumor  that  manipulation  was  impossible.  The  patient  was  a  doctor's 
daughter.  Her  father  insisted  that  there  had  been  no  temperature  at 
any  time,  but  I  felt  that  attention  had  not  been  close  enough  to 
warrant  this  statement.  Aft^r  she  was  anesthetized  and  on  the  table 
for  operation,  with  manipulation  the  tumor  was  made  to  disappear  under 
the  costal  arch,  proving  it  to  be  an  acutely  displaced  kidney;  no  opera- 
tion. When  the  patient  recovered  from  the  anesthetic,  she  informed  us 
that  in  play  at  a  picnic  two  days  previously  she  was  rolled  across  the 
edge  of  a  board  fence,  the  pressure  being  from  behind  forward,  jiist 
below  the  last  rib.  It  caused  her  severe  pain  in  her  side,  which  con- 
tinued from  that  time.  This  produced  an  acute  displacement  of  the 
kidney. 

The  temperature  may  all  subside  within  twenty-four  hours  after  the 
onset,  and  if  it  subsides  suddenly  one  should  be  fearful  that  the  cause  of 
its  subsidence  is  a  gangrene  of  the  mucosa,  with  failure  of  further  absorp- 
tion and  therefore  an  intermission  of  temperature.  When  it  subsides 
gradually,  from  thirty-six  to  fifty-two  hours  after  the  onset,  it  is  due  to  a 
cessation  of  tension  from  intracecal  drainage,  to  rupture  of  the  appendix 
into  the  mesoappendix,  or  to  circumscribed  adhesions  around  the  appen- 
dix. The  temperature  here,  as  in  other  places,  must  be  recognized, 
not  as  a  manifestation  of  pus,  but  as  a  manifestation  of  absorption  of 
the  products  of  infection. 

A  remission  of  temperature  of  one,  two,  or  three  degrees  with  subse- 
quent gradual  elevation  means  an  infection  of  a  new  area  of  tissue. 
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The  temperature  may  go  below  99°  and  remain  there  after  the  initial 
elevation,  and  still  a  large  quantity  of  pus  be  pi-esent  in  the  peritoneum. 

Secondary  elevation  of  temperature  should  always  be  noted  with 
apprehension,  as  it  indicates  a  fresh  invasion  of  tissue,  a  thrombophle- 
bitis, a  peritonitis,  or  cellular  infiltration.  These  elevations  are  indica- 
tions for  immediate  operation,  usually  drainage.  Under  these  circum- 
stances no  extensive  laceration  of  tissue  or  separation  of  adhesions  should 
be  attempted  for  the  purpose  of  making  a  complete  operation.  The 
focus  of  pus  should  be  drained  and,  as  a  rule,  nothing  more  done. 

Leukocytosis. — As  a  matter  of  our  routine,  which  is  indispensable 
in  thorough  hospital  work,  the  blood-count  is  made  before  and  after  the 
operation;  while  I  do  not  underestimate  the  relative  value  of  leukocytic 
reaction  in  inflammations  of  the  appendix,  I  consider  it  only  cor- 
roborative. 

The  r61e  of  the  polynuclear  cells,  we  feel,  is  excellently  estimated 
by  Hans  Albrecht.^^  The  percentage  of  polynuclear  cells  is  an  indication 
of  the  severity  of  the  infection,  but  not  the  degree  of  destruction;  a 
high  percentage  does  not  denote  a  bad  prognosis,  so  long  as  the  absolute 
number  of  white  cells  is  coiTespondingly  high.  A  fall  in  the  absolute 
number  of  polynuclears  with  a  coincident  decrease  of  the  total  percentage 
of  leukocytes  shows  a  decline  in  the  infection;  a  sudden  fall  in  the  abso- 
lute number  of  polynuclears  with  a  very  small  decline  or  perhaps  a  rise 
in  the  percentage  of  white  cells  is  of  unfavorable  prognostic  import, 
since  it  shows  that  the  production  of  the  polynuclears  does  not  keep 
pace  with  their  consumption,  indicating  an  exhaustion  of  the  blood- 
forming  elements  for  defensive  purposes.  A  very  unfavorable  sign  is  a 
sudden  fall  in  the  total  number  of  leukocytes.  Beginning  recovery  is 
manifested  by  a  rise  in  the  absolute  number  of  mononuclear  and  eosinoph- 
ilic leukocytes,  even  to  or  above  the  normal. 

We  have  never  found  leukopenia  with  acute  infections  of  the  appendix. 

Pulse. — ^The  character  of  the  pulse  has  little  value  in  the  differential 
diagnosis  of  appendicitis.  In  children  when  there  is  rapid  absorption  the 
pulse-rate  is  very  high.  In  the  later  stages  of  peritonitis,  when  it  becomes 
compressible,  rapid,  and  feeble,  it  is  a  fair  index  of  the  degree  of  intoxica- 
tion and  a  guide  to  the  prognosis  rather  than  to  the  extent  of  the  inflamed 
area. 

Feeble  capillary  circulation  and  cyanosis  are  of  grave  prognostic 
significance. 

Tumor. — In  the  very  early  hours  of  appendicitis,  while  the  inflamma^ 
tory  process  is  still  confined  within  the  appendix,  an  examination  of  the 
abdomen  reveals  an  apparent  tumor.  One  feels  convinced  that  the  appen- 
dix rests  close  to  the  abdominal  wall.  The  impression  of  tumor  is  due 
to  the  spasmodic  contraction  of  the  muscle-fibers  directly  over  the  appen- 
dix. When  the  patient  is  under  the  anesthetic  the  tumor  entirely  dis- 
appears, and,  indeed,  the  appendix  may  be  in  the  retrocecal  position 
and  many  inches  from  the  abdominal  wall.  So  frequent  is  this  deception 
that  I  feel  it  should  be  constantly  borne  in  mind.  Bimanual  compara- 
tive compression  of  the  right  and  left  iliac  fossae  readily  shows  the  great 
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resistance  to  compression  on  the  right  side,  with  Httle  if  any  on  the  left. 
In  the  subacute  cases  the  enlarged,  swollen,  and  distended  appendix 
can  be  frequently  outlined  by  careful  examination.  As  the  periappen- 
dical  tissues  become  involved  and  the  quantity  of  infective  material 
increases,  the  tumor  becomes  more  pronounced  and  often  attains  con- 
siderable size.  This  is  usually  located  in  the  right  iliac  fossa,  but  its 
absence  from  that  position,  wdth  a  clinical  history  indicating  an  appendi- 
citis, must  not  be  construed  as  meaning  that  the  tumor  is  not  present; 
it  will  be  found  in  the  loin  or  low  in  the  pelvis. 

Fluctuation  is  present  only  when  there  is  a  large  circumscribed  abscess 
in  the  later  stages  of  the  disease.     In  the  early  stages  the  absence  of 


Fia.  421. — Gangrene  of  Mucosa  with  Early 
Perforation,  without  Calculus. 


Fig.  422. — Complete  Gangrene  of  the  Waj 
WITH  Gangrene  of  the  Mesenteriolum. 


peristalsis  in  the  appendical  region  is  of  value  in  indicating  the  nature 
of  the  process.  A  careful  examination  with  the  stethoscope  reveals  a 
**stiir'  area  for  many  inches  around  the  appendix. 

The  size  of  the  tumor  bears  little  relation  to  the  quantity  of  pus. 

The  greatest  difficulty  is  experienced  in  making  a  differential  diagnosis 
between  appendicitis  and  acute  catarrhal  conditions  of  the  caput  eoli, 
or  acute  retention  in  the  caput  coli,  especially  associated  with  the  intes- 
tinal type  of  la  grippe.  Here  we  have  the  pain,  nausea,  and  vomiting, 
the  local  sensitiveness,  the  elevation  of  temperature,  and  leukocytosis 
all  combined,  and  so  closely  does  the  attack  resemble  appendicitis  that 
in  two  cases  we  have  erred  in  the  diagnosis.  In  both  there  were  evidences 
of  previous  attacks  of  appendicitis,  with  adhesions  of  the  appendix, 
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but  in  neither  was  there  manifestation  of  an  acute  process  in  the  appendix. 
Nor  have  our  errors  taught  us  a  means  of  preventing  their  recurrence. 
We  l>eUeve  we  have  avoided  many  errors  in  diagnosis  by  the  careful 
analysis  of  the  cHnical  history  and  the  stress  which  we  placed  on  the  order 
of  occurrence  of  symptoms,  namely,  pain,  nausea  and  vomiting,  local 
sensitiveness,  elevation  of  temperature,  and  leukocytosis.  A  deviation 
from  this  order  causes  us  to  seriously  doubt  the  diagnosis  of  appendicitis. 
In  addition  to  the  symptoms  enumerated,  a  few  other  facts  must  be 
added.     When  the  appendix  is  retrocecal  or  i-etrocolic,  when  it  is  in  the 


Fio.  423. — Showino  Early  Complete  Gan- 
grene OP  THE  Entire  Wall  without 
Stone. 


Fig.  424.— Showing  Early  Complete  Gan- 
grene OF  THE  Entire  Wall  without 
Stone. 


pelvis,  and  particularly  in  children,  is  rectal  examination  of  great  diag- 
nostic value. 

In  the  severe  cases  in  which  the  pathologic  process  advances  toward 
destruction,  the  patient  assumes  the  fades  ahdominaliSy  which  is  a  positive 
index  as  to  the  severity.  Frequent  urination  is  not  an  uncommon 
symptom  and  urinary  retention  is  not  infrequently  present.  In  atypical 
cases,  especially  when  one  fails  to  make  a  careful  microscopic  urinalysis, 
€rror  in  diagnosis  in  favor  of  a  genito-urinary  disease  is  not  uncommon. 
This  symptom  is  manifest  when  the  appendix  is  situated  in  the  pelvis, 
the  bladder  being  directly  irritated  by  the  inflamed  appendix  or  by  the 
inflamed  tissues  surrounding  it.     Occasionally  the  frequency  in  micturi- 
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tion  is  due  to  some  sympathetic  disturbance.     In  the  chronic  fonn  of 
appendicitis  constipation  is  a  frequent  occurrence. 

Clinical  Course. — ^The  clinical  course  is  fairly  uniform.  In  the 
acute  infectious  cases  without  calculus  the  mucosa  becomes  infiltrated 
and  edematous  within  an  hour  or  two  after  its  infection  (Fig.  421).  The 
edema  and  infiltration  increase  rapidly  and  the  compression  of  the 
inelastic  coats  of  the  appendix  with  the  assistance  of  the  biotic  and  toxic 
effects  of  the  pathogenic  flora  produce  a  rapid  gangrene  of  the  mucosa, 
submucosa  (see  Fig.  422),  and  occasionally  the  entire  thickness  of  the 
wall,  with  now  and  then  complete  gangrene  of 
the  appendix,  and  extension  of  gangrene  into  the 
mesentery,  so  that  in  virulent  infections  a  per- 
foration of  the  appendical  wall,  on  the  average, 
takes  place  in  from  twenty-six  to  forty  hours. 
(See  Figs.  423  and  424.)  Infection  with  the 
presence  of  a  foreign  body  (fecal  concretion)  is 
usually  associated  with  only  a  small  area  of  gan- 
grene, and  that  at  the  point  of  pressure  of  the 
calculus;  local  necrosis  or  gangrene  with  perfora- 
tion and  leakage  (see  Fig.  426 ) ;  perforation 
in  these  cases  takes  place  some  hours  earlier 
than  in  the  infections  without  a  foreign  body 
(Figs.  409,  427).  Occasionally  pressure  ulcera- 
tion and  perforation  of  the  appendix  take  place 
at  the  seat  of  a  coprolith  without  an  acute  infec- 
tion. In  this  last  class  of  cases  the  first  announce- 
ment of  the  trouble  is  made  by  the  initial  symp- 
toms of  perforative  peritonitis.  These  represent 
about  1  per  cent,  of  all  of  the  acute  cases.  It 
is  a  dangerous  type  for  the  patient,  as  the  initial 
symptoms  are  attributed  to  a  beginning  appen- 
dicitis, when  in  reality  they  are  due  to  a  beginning 
perforative  peritonitis.  In  these  cases  there  is 
early  and  great  leukocytosis. 

In  the  steptococcus  infections  the  mesoap- 
pendix  and  neighboring  tissues  are  more  seriously 
involved  and  the  area  of  gangrene  is  less  than  with 
the  colon  bacillus  or  the  staphylococcus  types. 
The  pain  is  most  severe  in  the  first  six  to  fourteen  hours;  it  becomes  less  as 
the  necrosis  advances;  the  temperature  is  highest  from  the  sixteenth  to  the 
thirtieth  hour,  preceding  the  completion  of  the  gangrenous  process.  If  the 
gangrene  continues  to  advance,  the  temperature  remains  up;  if  it  becomes 
stationary,  the  temperature  declines.  In  one  case  of  complete  gangrene 
of  the  appendix  the  temperature  was  104°  nineteen  hours  after  the  onset 
of  pain;  it  was  99.2°  seven  hours  later,  at  the  time  of  operation.  The 
appendix  was  gangrenous  throughout  its  entire  wall  to  its  junction  with 
the  cecum.  (See  Fig.  424.)  It  was  a  black,  shining  mass  without  an 
adhesion  and  slipped  into  the  abdominal  incision.    The  necrosis  was  so 


FiQ.  425. — Appendix  Re- 
moved Forty  Hours 
AFTER  Onset  of  Pain. 
Gangrene    of    mucosa, 

complete    discoloration     of 

mucosa  beginning. 
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Fio.  426. — Local  Necrosis  and  Gangbene  at  Point  of  Foreign  Body  with  Perforation. 


rapid  and  complete  in  this  case  that  there  was  no  effort  made  by  the  wall 
of  the  appendix  to  fix  itself  to  the 
neighboring  tissues.  We  regard 
with  alarm  a  sudden  drop  in  the 
temperature  and  interpret  it  as 
meaning,  first,  a  cessation  of  ab- 
sorption, due,  most  commonly,  to 
perforation,  with  diminished  pus 
pressure;  second  in  frequency,  to 
the  escape  of  the  contents  into 
the  intestine;  third,  to  gangrene; 
fourth,  to  circumscribing  tissue 
infiltration  with  diminished  ab- 
sorption (local  immunity);  and, 
fifth,  diminution  of  the  virulence 
of  the  flora. 

After  fifty  hours  the  clinical 
picture  changes  to  that  of  infec- 
tions of  the  periappendical  regions 
(perityphlitis  or  paratyphlitis).  If 
the  perforation  takes  place  into 
the  mesoappendix,  or  under  cir- 
cumscribing adhesions,  the  clin- 
ical presentations  are  those  of  a 
limited  infection,  while  if  into  the 
free  peritoneal  cavity  the  symp- 
toms of   a  more  or  less  diffuse 

peritonitis  manifest  themselves,  depending  upon  the  types  of  infection 
and  the  degree  of  involvement. 


Fig.  427. — Local  Necrosis,  Gangrene,  and 
Perforation  at  Point  of  Foreign  Body 
IN  Distal  Portion  of  Appendix. 
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After  a  circumscribed  abscess  has  formed,  the  temperature,  pulse- 
rate,  and  pain  subside  to  a  considerable  degree;  indeed,  the  temperature 
may  approximate  normal  as  the  infiltration  in  the  abscess  wall  becomes 
more  and  more  pronounced  and  absorption  proportionately  diminishes. 
If  the  rupture  be  into  the  post-peritoneal  cellular  tissue,  there  is  rapid 
rise  of  temperature  from  the  absorption.  If  it  be  into  the  free  peritoneal 
cavity,  the  rule  is,  first,  a  primary  drop  of  temperature  as  the  pus  is 
relieved  of  tension  and  the  peritoneal  endothelium  has  not  yet  been 
abraded,  and  therefore  does  not  allow  rapid  absorption.  In  a  staphy- 
lococcus infection  of  the  milder  type  the  peritoneum  is  first  covered  with 
an  exudate,  which  may  go  on  increasing  in  thickness  to  the  formation 
of  a  membrane  resembling  the  diphtheritic  type.  This  lessens  the 
immediate  absorption  and  protects  the  patient  against  an  overdose  of  the 
bacteria  and  septic  products.  It  paralyzes  peristalsis  and  produces 
coprostasis,  but  in  a  short  time  this  plaque  is  thrown  off,  and  carries 
with  it  the  endothelial  covering,  leaving  a  distinctly  abraded  or  blistered 
surface  from  which  there  is  rapid  absorption,  and  a  sudden  collapse  of 
the  patient,  frequent  bowel  discharges,  anxious  expression,  and,  shortly, 
death.  This  sudden  change  takes  place  between  the  evening  of  the  fourth 
and  the  morning  of  the  sixth  day.  If  the  primary  infection  be  of  the 
streptococcus  type,  and  rupture  into  the  peritoneum,  there  is  rapid 
blistering  of  the  peritoneum  and,  within  a  few  hours,  symptoms  of  intense 
intoxication,  high  pulse,  anxious  expression,  talkative  delirium;  hyper- 
esthesia, tympany,  and  all  the  manifestations  of  severe  and  acute  strep- 
tococcus intoxication. 

The  action  of  the  colon  bacillus  may  be  said  to  be  midway  between 
these  two  pictures.  At  times  it  produces  but  slight  irritation,  moderate 
elevation  of  temperature,  considerable  seropurulent  exudate,  and  a 
gradually  increasing  disturbance  of  the  endothelial  covering.  The 
advancement  is  so  slow  that  the  tendency  is  to  circumscription  of  the 
process  by  peritoneal  adhesions.  Under  certain  conditions,  which  we 
little  understand,  the  colon  bacillus  may  have  a  powerfully  irritating 
effect  on  the  peritoneum,  produce  rapid  destruction  of  its  lining  cells, 
and  expose  its  lymphatics  for  rapid  absorption.  Indeed,  its  virulence 
may  be  so  great  as  to  produce  gangrene  of  the  peritoneum  and  even 
of  the  entire  intestinal  wall.  This  is  fortunately  rare,  but  is  an  extremely 
fatal  type  of  the  action  of  this  bacillus.  Perforation  and  advancement 
through  the  wall  of  the  appendix  with  colon  bacillus  infection  are  slow 
and  give  time  for  the  staphylococcus  albus  to  multiply  in  large  quantities 
in  the  seropurulent  fluid  in  the  peritoneum  and  induce  an  infiltration  of 
the  peritoneum,  thus  producing  a  local  immunity.  The  degree  of  this 
is  controlled  by  the  opsonins.  We  believe  the  infiltration  of  the  tissues 
produces  a  local  immunity  or  a  retardation  of  absorption  in  the  perito- 
neum, just  as  it  does  around  infections  in  cellular  tissue,  where  without 
infiltration  the  phagocytes  would  soon  be  overwhelmed  and  the  leuko- 
poietic  power  exhausted.  Sometimes  a  gas  bacillus  is  associated  with  the 
colon  bacillus  and  the  tissue  becomes  emphysematous.  Usually  there 
is  not  a  high  temperature  in  this  class  of  cases,  but  great  physical  depres- 
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sion,  lowered  arterial  tension,  sunken  eyes,  somnolence,  and  finally  low 
muttering  delirium,  differing  entirely  from  the  clinical  picture  of  the 
streptococcus  intoxication. 

M.  Lannelongue  endeavored  to  determine  the  degree  of  toxicity  in  an  individual 
case  by  the  urotoxic  coefficient  per  kilogram  of  body-weight  necessary  to  produce 
death  in  rabbits.  This  means  of  determination  has  not  become  a  practical  one, 
and  its  value  as  a  general  procedure  therefore  is  not  definitely  determined,  although 
Lannelongue  considered  it  a  positive  aid  to  prognosis. 

The  quantity  of  pus  found  in  the  peritoneal  cavity  in  the  dry  staphy- 
lococcus type  is  usually  small.  It  may  be  large,  and  then  it  is  of  a  sero- 
purulent  character.  With  the  virulent  streptococcus  type  there  is  little, 
if  any,  free  pus,  but  the  peritoneum  has  that  peculiar  dry,  granulating, 
blistered  appearance  which  was  so  frequently  seen  in  the  post-partum 
sepsis  of  the  pre-antiseptic  period.  The  colon  bacillus  produces  pus  with 
an  offensive  odor,  usually  considerable  in  quantity  and  thick  and  creamy 
in  character.  The  intestines  are  agglutinated  and  many  times  separate 
pockets  are  formed.  The  elevation  of  temperature,  the  tympany,  and 
the  collapse  are  usually  slower  in  appearing  with  the  colon  bacillus  than 
with  either  of  the  other  types  of  infection.  Collapse  is  not  a  sign  of 
perforation,  but  a  manifestation  of  the  absorption  of  the  bacteria  and 
their  products  by  an  abraded  or  blistered  peritoneum.  It  will  appear 
rapidly  or  slowly  after  perforation,  depending  on  the  virulence  of  the 
infection  and  the  rapidity  with  which  the  endothelium  of  the  peritoneum 
is  destroyed.  This  has  been  one  of  the  most  difficult  lessons  for  the 
profession  in  general  to  appreciate.  For  years  we  believed  that  collapse 
was  an  immediate  manifestation  of  perforation;  we  must  now  recognize 
that  it  is  a  symptom  of  septic  intoxication,  and  always  a  late  symptom, 
as  far  as  the  clinical  course  is  concerned. 

The  closest  attention  should  be  paid  to  the  relation  between  the  symp- 
toms and  clinical  course  and  the  pathologic  findings,  so  that  we  may 
better  anticipate  the  intra-abdominal  changes  by  the  symptoms  and 
physical  signs,  or  at  least  that  we  may  know  when  and  under  what 
conditions  pathologic  changes  are  not  announced  by  appreciable  symp- 
toms, and  thus  avoid  fatalities  and  surprises  by  a  proper  interpretation 
of  the  presence,  order,  or  absence  of  symptoms. 

We  must  state,  however,  that  we  are  just  beginning  to  appreciate 
the  great  disturbances  that  can  be  produced  in  the  gastro-intestinal 
tract  and  in  the  general  metabolism,  and  the  distressing  and  complex 
train  of  symptoms  which  result  from  the  minor  or  chronic  appendical 
lesions.  We  must  operate  much  more  frequently  in  the  future  for  their 
relief  than  we  have  in  the  past,  as  we  are  learning  from  clinical  experience 
that  the  disturbances  produced  by  them  are  out  of  proportion  to  the 
logical  deductions  that  could  be  made  from  the  extent  of  pathologic 
conditions.  The  completeness  of  cures  by  operations  on  this  class  of 
cases  is  one  of  the  most  gratifying  in  the  entire  field  of  abdominal  surgery. 

Dyspeptic  symptoms  are  very  frequently  the  prominent  feature  of 
chronic  appendicitis,  and  more  than  one  patient  is  treated  for  a  gastric 
affection  and  even  operated  for  gastric  ulcer. 
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In  women  dysmenorrhea  is  a  very  common  s3rmptom  of  chronic 
appendicitis,  and  in  a  great  number  of  cases  it  can  be  distinctly  traced 
to  the  first  appendical  attack. 

Berardimone"  calls  attention  to  an  early  symptom  in  appendicitis  which  he 
considers  of  considerable  diagnostic  value.  He  observed  in  five  cases  out  of  six 
the  sudden  and  distinct  enlargement  of  a  single  lymph-node  above  Poupart's  liga- 
ment on  the  right  side,  near  the  external  ring.  He  attributes  this  to  the  resultant 
peritoneal  infiltration,  the  sequence  of  the  appendicitis,  which  obstructs  the  return 
flow  of  lymph. 

Typhoid  Appendicitis. — ^Typhoid  bacilli  which  invade  lymphoid 
structures  of  the  intestine  do  not  overlook  the  lymphoid  follicles  of  the 
appendix,  and  so  it  is  that  frequently  the  appendix  is  the  seat  of  typhoid 
infection,  either  as  an  extension  from  the  ileum  or  as  a  concomitant 
infection. 

In  what  is  called  a  *' typhoid  appendicitis'*  the  cases  must  be  clearly 
distinguished  one  from  another  and  carefully  grouped. 

1.  A  patient  may  have  a  t3rphoid  invasion  of  his  appendix  during 
the  activity  of  typhoid  fever. 

2.  A  non-typhoid  infection  may  take  place  in  the  appendix  during 
the  course  of  typhoid. 

3.  A  recurrent  attack  of  a  previously  non-typhoid  appendicitis  may 
occur  during  typhoid. 

4.  Typhoid  fever  may  begin  at  the  end  of  convalescence  from  appen- 
dicitis. 

All  the  cardinal  symptoms  of  acute  appendicitis  may  be  present  in 
typhoid,  but  their  order  is  disarranged;  this  interchange  should  always 
make  us  doubtful  of  the  diagnosis  of  typical  appendicitis.  Pain  in 
McBurney's  point  is  frequently  present  in  typhoid,  and  is  due,  according 
to  Curschmann,  to  an  invasion  of  the  parietal  peritoneum.  The  pain, 
however,  is  never  colicky.  Nausea  and  vomiting,  abdominal  tenderness, 
and  elevation  of  temperature  are  also  present. 

The  existence  of  a  typhoid  epidemic,  the  leukopenia,  Widal's  reaction, 
Ehrlich's  diazo  reaction,  and  the  presence  of  typhoid  bacilli  in  blood- 
cultures  will  make  a  differential  diagnosis  if  the  surgeon,  in  all  doubtful 
cases,  is  careful  enough  to  resort  to  and  exhaust  all  laboratory  means 
at  his  disposal.  M.  H.  Richardson  considers  a  soft  abdomen,  even  in 
the  presence  of  pain  and  tenderness,  with  a  high  temperature,  as  pathog- 
nomonic of  typhoid  fever.  This  is  not  in  consonance  with  our  observa- 
tions. 

Among  one  hundred  and  nineteen  post-mortems  on  tjrphoid  patients 
at  the  Johns  Hopkins  and  Boston  City  Hospitals,  nineteen  showed 
involvement  of  the  appendix. 

Treatment. — ^The  treatment  of  typhoid  ulcers  of  the  appendix 
should  be  that  of  typhoid  fever  in  general,  and  not  surgical  except  when 
they  perforate. 

Actinomycosis. — The  appendix  is  occasionally  the  seat  of  a  primary  actinomy- 
cosis. Since  I  publishe<l,  in  1885,  the  first  case  of  "actinomycosis  hominis  *' 
recognized  in  this  country,  there  has  been  a  progressive  and  rapidly  increasing 
number  of  cases  reported  in  the  literature;    only  a  small  percentage,  however, 
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affected  the  appendix.  The  disease  is  contracted  through  the  ingestion  of  grain, 
the  chewing  of  straw,  eating  partially  cooked  meat,  or  by  direct  contact  with  actino- 
mycotic cattle.  Similar  to  tuberculosis,  the  disease  favors  the  cecal  zone  of  the 
intestinal  tract,  but  in  contrast  with  tuberculosis  it  prefers  the  appendix  to  the 
cecum.  Abdominal  actinomycosis  may  originate  either  from  the  intestinal  tract, 
from  the  thorax  through  the  diaphragm,  or  from  the  abdominal  parietes.  Hinglais 
found  the  appendix  involved  sixty  times  in  one  hundred  cases  of  abdominal  actino- 
mycosis. The  disease  is  difficult  to  diagnose;  its  symptomatology  is  not  of  the 
stormy  type  usually  associated  with  acute  appendicitis;  there  is  an  ache  rather 
than  a  pain;  the  infiltration  in  the  iliac  fossa  and  enlargement  of  the  mass  is  slow 
and  the  infiltration  is  exceptionally  hard,  indeed  ligneous.  This  should  lead  one  to 
suspect  this  disease  or  a  malignant  growth.  The  process  frequently  tends  to  per- 
forate through  the  abdominal  wall,  and  when  it  does  the  yellow  sulphur-like  granules 
in  the  pus  and  along  the  sinus  in  the  abdominal  wall  are  pathognomonic.  The 
actinomycotic  process  does  not  suppurate  unless  mixed  infection  taKes  place.  The 
disease  may  spread  through  the  mucous  membrane  of  the  intestine,  it  may  invade 
the  abdominal  fascia,  infiltrate  the  abdominal  wall,  or  spread  in  the  line  of  least  re- 
sistance in  the  direction  of  the  kidney  or  pelvis,  preferring  the  fatty  tracts  for  its  route. 
It  may  extend  up  to  the  liver,  beneath  the  diaphragm,  or  along  the  mesentery  to 
the  opposite  side  of  the  abdomen.  Metastatic  foci  may  appear  in  different  por- 
tions of  the  body  through  blood  transmission.  It  never  travels  through  the  lymph- 
atic chains,  but  often  along  them  in  the  loose  fat.  It  always  has  a  chronic  course.  It 
requires  surgical  treatment  when  in  a  circumscribed  zone,  as  the  appendix  and  caput 
coH,  and  should  then  be  completely  excised.  After  it  has  become  extensive  efforts 
at  excision  are  futile.  It  should  be  treated  with  sulphate  of  copper  in  the  maxi- 
mum dose,  after  the  plan  of  Bevan,'*'  or  with  iodid  of  potassium.  These  lines  of 
medical  treatment  give  fairly  good  results. 

Tuberculosis. — Frequency. — In  five  hundred  necropsies  made  by 
Letnlle  he  found  the  disease  in  the  appendix  in  one  hundred  and  forty-four; 
in  91.6  per  cent,  there  was  tuberculosis  in  the  cecum.  These  necropsies, 
however,  were  made  on  subjects  dying  of  tuberculosis,  and  do  not  at  all 
represent  the  relative  percentage  in  surgical  cases.  By  taking  the  com- 
bined statistics  of  various  operators,  it  is  found  that  of  one  hundred  cases 
of  appendicitis  not  more  than  one  or  two  are  tuberculous. 

Tuberculosis  of  the  appendix  is  either  primary  or  secondary.  Tuber- 
culosis secondary  to  that  of  the  genitalia  is  common.  In  four  cases  out  of 
seven  in  which  the  appendix  was  adherent  to  tuberculous  adnexa  it  was 
also  tuberculous.  It  is  more  common  in  men,  and  between  the  ages  of 
twenty  and  forty.  The  bacilli  may  reach  the  appendix  in  four  different 
ways:  by  way  of  the  bowel,  the  peritoneum,  the  lymphatics,  or  the  blood. 
The  first  is  the  most  frequent. 

Pathology. — Tuberculosis  affects  the  appendix  in  three  distinct 
forms:  (a)  ulcerative,  (b)  hyperplastic,  and  (c)  peritoneal  tubercles.  The 
first  is  the  most  common.  It  invades  most  frequently  the  tip,  next  the 
base,  and  least  often  the  middle;  in  other  words,  the  points  of  fecal  stasis 
are  those  most  frequently  infected.  It  may  remain  confined  within  the 
walls  of  the  appendix  for  months  or  even  years,  resembling  lupus  in  its 
progress,  either  slow  or  rapid  destruction  with  repair  in  one  zone  while 
papillary  ulceration  or  destruction  is  advancing  in  another.  It  rarely 
perforates  into  the  free  peritoneal  cavity.  Occasionally  it  forms  peri- 
appendical  abscesses,  which  usually  open  into  the  bowel.  Large  pericecal 
abscesses  may  form  and  resemble  the  psoas  abscesses  of  spinal  caries  and 
may  burrow  and  open  in  a  similar  manner  in  Scarpa's  triangle  (Fig.  428) 
or  on  the  anterior  abdominal  wall.  The  drainage  of  the  tuberculous  debris 
♦Journal  of  the  American  Medical  Association,  Nov.  11,  1905. 
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of  the  appendix  into  the  cecum  not  infrequently  infects  the  latter.  The 
hyperplastic  variety  produces  great  infiltration  of  the  wall  and  enlargement 
of  the  appendix  to  many  times  its  normal  size.  It  may  be  free  or  fixed  by 
peri-appendicular  adhesions.  From  its  size,  the  density  of  its  wall,  and  its 
gross  appearance  it  is  not  infrequently  diagnosed  as  malignant  disease. 
The  microscope  reveals  the  error  of  such  interpretation. 

The  peritoneum  of  the  appendix  may  be  infected  in  two  ways:    (a) 

by  transmission  of 
the  tubercle  bacilli 
from  its  ulcerated 
mucosa  through  the 
lymph-spaces  to  its 
peritoneum.  The 
white  and  gray  tu- 
bercles may  be  rec- 
ognized on  and  be- 
neath its  serosa  or 
they  may  stud  the 
peritoneum  of  the 
cecum  and  ileum  in 
its  neighborhood. 
In  acute  invasions 
the  spots  are  bright 
red,  with  radiating 
vessels  from  each  of 
the  millet-sized 
zones  of  infection. 
(6)  The  peritoneum 
of  the  appendix  is 
not  infrequently 
secondarily  infected 
from  tuberculosis  of 
the  tube  and  neigh- 
boring viscera,  even 
without  being  ad- 
herent to  them. 

The  symptom- 
atology takes  on 
three  distinct  forms, 
depending  upon  the 
activity  of  the  pro- 
cess, in  order  of  fre- 
quency as  follows:  (a)  chronic,  (b)  acute,  and  (c)  latent.  There  is  nothing 
pathognomonic  of  tuberculosis  in  the  symptoms.  If  tuberculosis  is  sus- 
pected, the  ocular  or  hypodermic  tests  of  tuberculin  immediately  indicate 
its  presence  somewhere,  presumably  in  the  appendix ;  the  latter  not  infre- 
quently produces  symptoms  of  rather  an  active  appendicitis. 

The  chronic  variety  of  tuberculous  appendicitis  is  by  far  the  most 
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428. — ^TuBKRcuLouB  Ab8ckk»  Burrowing  under  Poupart's 
Ligament  into  Scarpa's  Triangle. 
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common.  Pain  is  less  severe,  vomiting  less  frequent,  temperature  less 
elevated  (except  in  subjects  already  tuberculous),  than  in  any  of  the 
pus  infection  varieties.  In  the  latter  event  the  appendical  tuberculous 
exacerbation  does  not  modify  the  thermic  curve.  In  this  variety  also 
diarrhea  is  so  frequent  (twenty-four  out  of  sixty-six  cases)  that  it  is  of 
special  diagnostic  value. 

When  the  abdomen  is  palpated  in  some  cases  nothing  whatever  can 
be  discovered,  even  on  the  most  careful  examination.  In  others  a  small, 
hard,  resisting  cord  can  be  felt  slipping  under  the  fingers.  In  still  others 
the  lesion  is  not  circumscribed,  a  diffuse  doughiness  is  found,  or  an  uneven 
deep  induration.  In  these  cases  the  process  is  not  confined  to  the  appen- 
dix, as  the  peritoneum  in  the  vicinity  is  also  inflamed.  The  combined 
pelvic  and  abdominal  examination  should  never  be  overlooked  in 
women. 

Prognosis  and  Complications.— ^Tuberculosis  of  the  appendix  may 
be  propagated  to  the  neighboring  organs,  to  the  glands,  the  intestines, 
the  peritoneum,  and  the  omentum.  Extension  to  the  tube,  ovary,  and 
pelvic  peritoneum  on  the  right  side  has  also  been  noted. 

Distant  foci  of  tuberculosis  not  infrequently  renew  activity  following 
operation  for  appendicitis.  The  operation  itself  often  lights  up  old  foci 
in  the  peritoneum.  These  are  not  due  to  the  intervention  on  the  appen- 
dix per  s€,  but  to  the  depletion  of  the  patient,  and  would  result  from 
any  equally  depressing  operation  (G.  Herisson). 

Appendicitis  in  Children. — ^The  appendix  in  young  children  is 
situated  higher  than  McBurney's  point.  The  size  and  lumen  are  larger, 
as  compared  with  the  rest  of  the  alimentary  canal,  than  in  adults.  The 
walls,  however,  are  more  delicate.  The  cecal  end  is  funnel-shaped, 
which  permits  foreign  bodies  to  enter  and  escape  very  readily. 

The  youngest  cases  operated  are  those  reported  by  Blumer  and  Shaw 
and  by  Fenger,  the  subjects  being  seven  weeks  old. 

As  regards  symptomatology  and  clinical  course,  there  is  usually  a 
preceding  gastro-intestinal  disorder.  The  onset  is  rather  sudden;  the 
pains  are  violent  and  continuous.  The  clinical  picture  is  alarming; 
convulsions  are  common;  children  frequently  complain  of  pelvic  pain, 
and  a  rectal  examination  reveals  sensitiveness  on  the  right  side.  Fre- 
quent micturition  is  rather  a  common  symptom  and  is  probably  due 
to  the  proximity  of  the  pathologic  process  to  the  urinary  bladder.  The 
skin  covering  the  appendix  is  extremely  sensitive.  A  slight  pinching 
of  the  overlying  skin  causes  extreme  pain  (Dieulafoy).  The  omentum 
comes  to  the  rescue  more  frequently  and  earlier  in  children  than  in  adults. 
Suppuration  is  the  rule,  but  general  peritonitis  is  less  frequent.  The 
appendix  of  infants  is  not  so  prone  to  perforation  or  gangrene. 

The  differential  diagnosis  of  appendicitis  in  children  is  diflficult, 
as  the  history  and  symptomatology  obtained  are  always  inaccurate. 
Appendicitis  closely  resembles  the  attacks  of  gastro-intestinal  disorders 
which  are  so  common  at  that  age.  Intussusception,  particularly  in  the 
ileocecal  zone,  is  common  among  children;  it,  however,  rarely  gives  an 
elevation  of  temperature  as  an  early  symptom.    In  the  differential 
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diagnosis  all  pathologic  conditions  mentioned  in  the  adult  should  be 
considered.     Particular  stress  must  be  laid  on  the  intestinal  colic. 

In  pneumonia  in  children  the  pain  is  frequently  referred  to  the  ab- 
domen, and  when  in  the  right  side,  to  the  appendical  area;  and  if  the 
diaphragm  is  involved  in  pleurisy,  great  tympany,  fecal  stasis,  and 
absence  of  peristalsis  may  be  present.  Trousseau,  the  great  French 
clinician,  always  said  to  his  students,  *' Whenever  an  infant  complains 
of  pain  in  the  abdomen,  carefully  examine  his  chest."  Inguinal  hernia, 
either  strangulated  or  non-strangulated,  may  simulate  appendicitis. 
Twisting  of  the  cord  of  an  undescended  testicle  must  also  be  considered. 

Kirmisson  and  Guimbellot,  in  their  collection  of  cases  of  appendicitis 
in  children,  reported  nine  under  one  year  of  age,  and  all  died;  of  twenty- 
six  in  the  second  year  of  life,  seven  recovered.  All  fatal  cases  were  not 
operated  on;  the  seven  cases  which  recovered  were  all  operated  upon. 
This  is  a  strong  example  of  the  clean-cut  indication  for  surgical  inter- 
vention. 

Appendicitis  in  the  Female.— The  appendix  may  be  primarily 
involved  and  infect  the  genitalia  secondarily  or  vice  versa.  Deaver  thinks 
that  the  first  is  the  most  common.  Gynecologists  like  Price,  however, 
find  the  genitalia  involved  primarily.  In  our  practice  the  primary  focus 
has  been  about  equally  frequent  in  both.  Of  one  hundred  and  thirty- 
two  appendical  abscesses  collected  by  Rotter  in  1890,  forty  were  pelvic, 
the  appendix  being  situated  in  the  pelvis  in  twenty-seven  cases. 
Tuberculosis  of  the  genitalia,  infected  ovarian  cysts,  infected  subserous 
myomata,  and  ectopic  gestations  may  infect  the  appendix  secondarily. 
Malignant  conditions  and  papillomatous  cysts  of  the  ovary  are  not  infre- 
quently engrafted  upon  the  peritoneum  covering  the  appendix. 

The  relationship  between  appendicitis  and  diseases  of  the  adnexa 
in  the  female  is  recognized  by  every  gynecologist  and  surgeon.  Krueger, 
Sonnenburg's  assistant,  analyzing  a  number  of  cases  operated  upon  by 
his  chief,  found  a  simultaneous  involvement  of  the  appendix  and  the 
adnexa  in  twenty-one  cases.  Deaver  is  of  the  opinion  that  a  very  long 
appendix  coming  in  close  relation  to  the  pelvic  organs  may  infect  them. 
He  speaks  of  a  case  in  which  **the  right  ovary  was  the  seat  of  an  abscess 
which  had  evidently  been  infected  by  a  perforated  appendix."  *'In 
my  experience  approximately  30  per  cent,  of  all  cases  of  perforative  or 
gangrenous  appendicitis  in  the  female  had  a  secondary  involvement  of  the 
right  ovary  and  tube"  (Ochsner) .  Ochsner  also  sees  a  relationship  between 
appendicitis  and  the  production  of  ovarian  cysts.  He  has  found  the 
appendix  involved  in  a  number  of  cases  of  ovarian  cysts,  and  while  he 
states  that  it  may  be  a  mere  coincidence,  he  thinks  that  it  may  be  possible, 
'*if  not  probable,"  that  a  former  attack  of  appendicitis  may,  through  its 
adhesions  to  the  surface  of  the  ovary,  close  a  Graafian  follicle,  which 
subsequently  becomes  distended  by  fluid  and  gives  rise  to  an  ovarian 
cyst.  Appendicitis  in  the  female  occurring  in  early  childhood  or  at 
puberty  may  so  involve  the  appendages  as  to  surround  or  embed  the 
tubes  and  ovaries  in  extensive  adhesions  which  mechanically  obstruct 
the  tubes  and  predispose  the  individual  in  this  way  to  sterility. 
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A  positive  diagnosis  as  to  the  primary  involvement  of  the  appendix 
or  pelvic  organs  is  often  difficult,  even  after  opening  the  abdomen  and 
inspecting  the  organs.  A  slightly  thickened  appendix  surrounded  by 
few  adhesions  may  be  adherent  to  enlarged,  tortuous  pelvic  organs,  and 
still  the  process  be  primary  in  the  appendix.  The  greatest  difficulty 
in  differential  diagnosis  exists  between  tuberculosis  of  the  tube  with 
recurrent  explosions,  salpingitis  with  recurrent  leakages,  and  twisted 
ovarian  pedicles.  A  careful  analysis  and  examination,  with  association 
of  the  symptomatology  and  physical  signs,  however,  enables  one  to  make 
a  positive  diagnosis.  The  most  important  condition,  though  not  the 
most  difficult  of  differentiation,  however,  is  ectopic  gestation,  especially 
in  the  first  eight  weeks.  The  incomplete  cycle  of  symptoms  of  uterine 
pregnancy,  the  character  of  menstruation,  the  physical  signs,  the  ex- 
amination of  uterine  discharges  for  decidual  cells,  etc.,  the  periodic 
colicky  pains,  the  irregularity  in  the  chain  of  appendical  symptoms, 
and  particularly  the  explosive  anemia  and  the  absence  of  temperature, 
with  the  symptoms  of  intra-abdominal  hemorrhage,  lead  one  to  a  dif- 
ferential diagnosis. 

Rupture  of  a  tubal  or  ovarian  abscess  gives  symptoms  very  similar 
to  those  of  rupture  of  the  appendix. 

Primary  appendicitis  in  the  female  should  be  treated  the  same  as  in 
the  male.  In  secondary  appendicitis  the  median  incision  should  be 
made  so  that  diseased  pelvic  organs  as  well  as  the  appendix  may  be  re- 
moved; the  floor  of  the  pelvis  should  then  be  covered  by  omentum  or 
sigmoid  so  as  to  prevent  the  possibility  of  subsequent  adhesions. 

A  number  of  surgeons  advocate  the  removal  of  the  appendix,  irre- 
spective of  its  condition,  whenever  the  abdomen  is  opened.  Howard 
Kelly  has  written  to  eighty  surgeons  asking  whether  or  not  it  is  advisable 
to  remove  the  appendix  in  every  laparotomy.  Of  the  seventy  answers, 
twenty-six  were  pro  and  forty-four  contra;  Kelly  is  against  the  removal 
of  the  organ  as  a  regular  procedure  whenever  the  abdomen  is  open,  and 
substantiates  it  with  the  following  arguments: 

First,  it  prolongs  the  time  of  operation;  it  increases  the  shock  and 
makes  the  risk  of  the  operation  greater. 

Second,  the  unnecessary  removal  of  the  appendix  may  perhaps  harm 
the  individual,  because  the  appendix  may  have  a  physiologic  function 
of  which  we  are  not  aware  at  the  present  time. 

We  never  remove  it  except  where  there  are  definite  pathologic  changes 
or  where  there  is  a  history  of  previous  attacks.  It  undoubtedly  increases 
the  hazard,  as  it  prolongs  proceedings,  involves  intestinal  manipulation 
and  peritoneal  exposure,  opens  the  septic  intestinal  tract,  and  necessi- 
tates an  intestinal  suture  and  union,  all  of  which,  no  matter  how  skilfully 
done,  carry  with  them  additional  risks. 

Appendicitis  with  Pregnancy. — Appendicitis  in  pregnancy  involves 
the  question  of  a  pregnancy  uninterrupted;  the  mortality  of  the  mother 
from  the  appendicitis;  the  mortality  of  the  mother  and  the  child  by 
induced  or  accidental  labor  and  the  influence  on  the  course  of  the  labor 
and  parturient  period  by  it.    According  to  Donohue,  80  per  cent,  of 


766  SURGERY   OF  THE   APPENDIX   VERMIFORMIS. 

the  cases  occur  in  the  first  six  months.  The  course  does  not  vary  from 
the  ordinary  clinical  picture  in  non-pregnant  women.  The  dia^osis, 
however,  is  often  overlooked,  as  both  the  patient  and  the  physician  are 
Accustomed  to  ascribe  all  symptoms  in  the  abdomen  to  disturbances  of 
pregnancy,  and  also  because  physical  examination  is  not  satisfactory, 
especially  after  three  months  of  pregnancy,  when  the  ascending  uterus 
begins  to  cover  the  ileocecal  region.  As  leukocytosis  is  present  in  preg- 
nancy, it  loses  its  value  as  an  index  of  the  presence  or  degree  of  infection 
in  associated  appendicitis.  The  association  of  the  two  conditions  is 
serious,  as  the  diagnosis  is  usually  tardy,  the  operation  late,  inducing 
premature  labor  in  the  presence  of  sepsis. 

Mund6,  in  1894,  was  the  first  to  operate  on  a  pregnant  woman  with 
appendicitis.  In  1897  Abrahams  collected  eleven  cases  from  American 
literature  and  added  four  which  he  observed.  He  reported  a  mortality 
of  53  per  cent,  in  the  mother  and  practically  100  per  cent,  in  the  child. 
Since  that  time  many  cases  have  been  operated.  Of  thirty-one  cases 
collected  by  Boije,  of  Helsingfors,  fourteen  died;  abortion  took  place  in 
eighteen  cases.    Heaton  reported  78  per  cent,  abortions. 

Marx  advises  induced  labor  in  acute  cases,  preceding  the  abdominal 
operation.  Webster**  favors  this  procedure  because  it  allows  vaginal 
drainage,  if  needed.  He  does  not  recommend  it  in  cases  of  circumscribed 
abscess,  as  the  contraction  of  the  uterus  might  rupture  the  abscess,  to 
which  the  latter  may  be  adherent. 

Appendicitis  occasionally  occurs  soon  after  labor.  The  clinical  pic- 
ture of  peritonitis  of  uterine  origin  greatly  resembles  that  of  appendical 
causation,  and  a  differential  diagnosis  can  only  be  arrived  at  by  a  careful 
analysis  of  the  colic,  the  circumscribed  suprapelvic  hypersensitiveness, 
the  absence  of  induration  in  the  fomices,  and  often  with  a  distinct  history 
of  previous  attacks  of  appendicitis.  In  the  hands  of  surgeons  of  experi- 
ence premature  labor  should  not  be  induced.  If  the  operation  is  timely, 
the  appendix  should  be  removed.  //  latCf  the  circumscribed  abscess 
should  be  drained  through  a  small  incision  and  no  effort  whatever  made 
to  remove  the  appendix.  By  this  plan  abortion  will  be  rare,  peri- 
tonitis still  rarer,  and  death  an  uncommon  sequence,  in  place  of 
its  present  appalling  frequency.  Extensive  manipulation  of  the  perito- 
neum and  viscera  and  prolonged  operation  are  responsible  for  the  mis- 
carriage and  abortions,  and  are  never  justifiable  on  the  basis  that  a 
radical  cure  may  be  effected  by  removing  the  appendix  at  one  sitting. 
The  appendix  may  be  removed  as  a  secondary  operation,  after  parturi- 
tion, without  hazard  to  the  patient. 

Diagnosis. — The  diagnosis  of  acute  appendicitis  is  rarely  difficult, 
as  the  symptoms  occur  in  such  uniform  order.  The  severity  of  the  indi- 
vidual symptoms  varies.  The  order  of  symptoms  is  as  follows  (and  the 
order  is  all-important  in  making  a  diagnosis):  First,  pain,  acute,  severe, 
referred  at  first  usually  to  the  epigastrium,  and  continues  there  as  long 
as  the  inflammatory  process  is  confined  to  an  appendix  free  in  the  perito- 
neal cavity,  gradually  changing  to  the  right  iliac  fossa  or  to  the  location 
of  the  inflamed  appendix.    Second,  nausea  and  vomiting,  which  come  on 
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usually  within  two  or  three  hours  after  the  onset  of  pain.  They  are  reflex, 
due  usually  to  the  over-distention  of  the  appendix;  rarely  are  there 
more  than  two  or  three  efforts  at  emesis,  usually  only  one,  occasionally 
nausea  only.  Third,  local  sensitiveness  to  pressure.  The  inflamed  and 
over-distended  appendix  is  very  sensitive  to  pressure  and  is  guarded  by 
involuntary  muscular  rigidity  over  the  appendix,  known  as  the  muscular 
defense.  Fourth,  elevation  of  temperature,  which,  in  acute  appendicitis, 
is  the  manifestation  of  the  absorption  of  the  products  of  infection.  It 
comes  early,  usually  in  from  three  to  eleven  hours  after  the  onset  of  pain, 
as  the  quantity  of  infective  material  is  early  subjected  to  pressure,  be- 
cause of  the  small  capacity  of  the  appendix.  It  varies  from  99.5°  to 
105.5°,  depending  upon  the  relative  virulence  and  pressure  and  the 
resistance  on  the  part  of  the  patient.  It  is  never  absent  in  the  acute 
infective  variety,  in  the  early  stage.  Fifth,  leukocytosis  is  almost  uni- 
formly present.  The  degree  of  leukocytosis  depends  not  so  much  on  the 
presence  of  infection  or  its  degree  of  toxicity  as  upon  the  ability  of  the 
leukogenetic  organs  to  react.  We  have  never  observed  leukopenia  in 
our  cases.  Many  times  when  the  temperature  is  low  the  leukocytosis 
is  high,  and  vice  versa,  so  that  the  leukocytosis  and  temperature  should 
always  both  be  taken'  and  their  average  values,  as  manifestations  of 
infection,  will  always  be  found  high. 

This  order  of  symptoms  is  pi-esent  in  98  per  cent,  of  cases  of  acute 
infection  of  the  appendix. 

The  differential  diagnosis  in  acute  attacks  of  appendicitis  involves 
an  exclusion  of  (a)  cholelithiasis;  (6)  acute  intestinal  fermentation;  (c) 
renal  calculus  and  retention;  (d)  acute  tubal  infection;  (e)  rupture  of 
intra-abdominal  abscesses;  (/)  gastric  and  intestinal  perforations;  (g) 
intussusception;  (A)  tuberculosis  of  the  intestine,  particularly  of  the 
ileum;  (i)  twisted  tumor-pedicle;  (/)  t3rphoid  fever;  {k)  acute  cystitis, 
etc. 

In  lesions  of  the  right  iliac  fossa  the  following  frequent  conditions 
should  be  specifically  mentioned  with  some  of  their  more  conspicuous 
symptoms. 

Tuberculosis  of  the  cecum  may  exist  as  an  ulcer  or  a  tumor  mass. 
The  onset  is  insidious,  the  pain  is  constant,  diarrhea  alternates  with  con- 
stipation, the  patient  has  afternoon  rise  of  temperature  and  often  shows 
evidence  of  tuberculosis  elsewhere,  there  is  ophthalmic  or  hypodermic 
tuberculin  reaction,  bacilli  may  be  found  in  the  feces,  many  times  blood 
is  detected.  Preceding  a  hemorrhage  there  is  elevation  of  temperature 
and  colic. 

Malignant  Diseases  of  the  Cecum. — ^The  onset  is  exceedingly  slow. 
Later  the  patient  complains  of  pains,  colicky  in  character,  due  to  obstruc- 
tion in  carcinoma  and  to  muraJ  infiltration  in  sarcoma;  constipation  at 
first,  soon  followed  by  or  alternating  with  diarrhea.  Mucus  and  blood  are 
often  discharged,  the  patient  becomes  weak  and  deficient  in  hemoglobin, 
and  there  is  evidence  of  secondary  anemia.  There  is  no  elevation  of 
temperature.  Finally  the  acute  intestinal  obstruction  from  the  neoplasm 
gives  a  picture  resembling  acute  appendicitis. 
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Stone  in  the  Ureter  or  Simple  Ureteritis. — Ureteral  colic  is  very 
sudden  and  severe.  The  pain  is  excruciating  and  radiates  to  the  inguinal 
region,  penis,  and  scrotum,  or  the  vulva  in  the  female.  The  patient  has 
a  constant  desire  to  urinate,  but  is  unable  to  pass  more  than  a  few  drops 
at  a  time.  Blood  may  be  visible  in  the  urine  or  detected  microscopically. 
The  temperature  is  subnormal  and  the  patient  shows  other  evidences  of 
shock.  The  relief  is  sudden,  due  to  the  passage  of  calculus  into  the  bladder, 
arrest  in  its  pro.fi;ress,  or  its  return  into  the  renal  pelvis.  There  is  history 
of  previous  urinary  disturbance.  Palpation  may  reveal  a  calculus  in 
the  ureter.  Pressure  over  the  distended  renal  pelvis  causes  great  pain. 
The  x-ray  often  assists  us.  Ascending  or  descending  infections  of  the 
ureter  not  infrequently  give  a  very  sensitive  tubular  mass  in  the  iliac 
fossa  which  may  be  erroneously  interpreted  as  the  appendix. 

Psoas  Abscess. — There  is  frequently  a  history  of  injury  to  the  back. 
Examination  reveals  a  deformity  or  diminished  mobility  at  the  lumbo- 
sacral region.  The  x-ray  shows  deformity.  The  psoas  abscess  can  be 
palpated  as  a  fusiform  or  elongated  and  deep-seated  mass  which  extends 
downward  along  the  psoas  muscle  causing  great  muscular  rigidity.  Move- 
ments of  the  lower  extremity  involving  tension  on  the  psoas  muscle 
give  pain.  The  patient  may  have  evening  rise  of  temperature,  thirst, 
and  night-sweats,  and  will  give  a  reaction  to  tuberculin.  Leukopenia 
is  manifest  unless  mixed  infection  is  present. 

Rheumatoid  arthritis  of  the  spine  very  frequently  causes  abdominal 
pain,  is  periodic  in  its  character,  and  may  closely  resemble  recurrent 
appendicitis.  The  pain,  however,  is  not  associated  with  temperature; 
there  is  hypersensitiveness  and  muscular  rigidity,  but  the  hand  con- 
tinuously compressed  over  the  abdomen  induces  muscular  relaxation 
and  no  mass  can  be  felt  in  the  iliac  fossa.  The  fixation  of  the  spine 
readily  indicates  the  location  of  the  true  lesion.  However,  rheumatoid 
arthritis  is  the  cause  of  more  errors  in  the  diagnosis  of  abdominal  lesions 
than  any  extra-abdominal  condition  with  which  we  are  acquainted.  This 
is  due  to  the  fact  that  the  back  is  rarely  examined,  since  the  patient 
refers  almost  uniformly  to  the  pain  as  abdominal. 

Tabes  Dorsalis. — The  gastric  and  intestinal  crises  of  tabes  dorsalis 
are  very  frequently  erroneously  diagnosed  as  appendicitis.  The  mistake 
will  not  be  made  if  attention  is  given  to  the  essential  symptoms  of  these 
two  diseases.  In  tabes  there  is  no  elevation  of  temperature  associated 
with  the  pain  and  vomiting;  there  is  no  zone  of  h5T)ersensitiveness;  no 
pronounced  leukoc3rtosis;  there  are  present,  usually,  positive  symptoms 
of  tabes:  the  Romberg  sign,  the  Argyll-Robertson  pupil,  the  absence  of 
tendon  reflexes,  perverted  sensation  in  the  extremities,  and  a  history 
of  specific  infection  with  frequent  repetitions  of  these  acute  attacks. 
Where  the  two  diseases  are  associated  as  we  have  observed  them,  the 
presence  of  temperature,  the  hypersensitiveness,  muscular  rigidity,  and 
mass  in  the  right  iliac  fossa,  with  leukocytosis,  indicate  the  coincident 
appendical  infection. 

Herpes  zoster  of  the  eleventh  and  twelfth  intercostal  and  the  first 
and  second  lumbar  nerves    may  very  closely  resemble    appendicitis. 
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The  pain  is  continuous,  intense  and  boring  in  character,  and  never  colicky 
or  intermittent.  There  is  a  superficial  hypersensitiveness,  distinctly 
confined  to  the  area  of  nerve  distribution,  and  absent  on  continued  deep 
abdominal  pressure,  under  which  circumstance  the  muscular  rigidity 
ceases.  This  must  not  be  confounded  with  Dieulafoy's  observation  in 
children.  The  herpetic  vesicles  appear  on  the  third  or  fourth  day  and 
must  not  be  mistaken  for  cataplasm  vesicles. 

Typhoid  Appendicitis. — It  manifests  itself  usually  on  the  third  to 
the  fifth  day  of  the  typhoid,  by  pain,  colicky  in  character,  associated 
with  nausea  and  vomiting,  muscular  rigidity  in  the  right  iliac  fossa, 
and  leukocytosis.  The  pain  never  precedes  the  temperature^  as  U  always 
does  in  appendicitis.  The  attack  is  too  early  in  the  typhoid  for  a  per- 
foration or  thrombophlebitis.  It  rarely  perforates  the  appendix  in  the 
early  stage,  as  a  pus  infection  does,  but  there  are  a  number  of  recorded 
cases  of  late  perforations  of  the  appendix  from  typhoid  ulcers,  occurring 
in  the  second  and  third  week  of  the  disease,  or  at  about  the  same  stage 
as  perforations  in  other  portions  of  the  intestinal  tract.  The  typhoid 
ulcer  of  the  appendix,  therefore,  does  not  demand  an  operation,  as  this 
would  complicate  the  course  of  the  typhoid.  When  perforation  occurs  in 
the  later  stage  of  the  typhoid,  it  demands  the  same  surgical  treatment  as 
perforations  of  other  portions  of  the  tract,  from  which  it  is  impossible  to 
differentiate  it  until  the  abdomen  is  opened. 

Inflammations  of  Meckers  diverticultmi  may  present  the  clinical 
picture  of  appendicitis,  and  even  recurrences  are  possible.  The  cases 
are  not  numerous;  ten  or  twelve  only  have  been  recorded. 

Appendicular  Colic. — This  results  from  the  effort  made  by  the  ap- 
pendix to  expel  its  contents,  fluid  or  concretional.  It  is  often  recurrent, 
but  is  not  associated  with  fever;  it  is  always  of  short  duration;  abdom- 
inal tenderness  and  muscular  defense  are  absent. 

Thrombosis  of  mesenteric  vessels  comes  on  very  suddenly,  gives 
excruciating  pains;  there  are  no  pathognomonic  signs  or  symptoms.  A 
diagnosis  intra  vitam  is  seldom  if  ever  made.  It,  however,  is  secondary 
to  other  foci  of  infection  or  ulceration,  as  dysentery,  hemorrhoidal, 
appendical,  gall-bladder,  or  gastric  infections.  It  may  be  metastatic 
from  distant  foci  of  infection. 

Intestinal  Lithiasis. — It  bears  no  direct  relationship  to  appendicitis. 
It  may  produce  a  similar  clinical  picture.  The  pain,  however,  is  diffuse, 
and  is  felt  along  the  colon.  The  feces  contain  mucus  and  ** sandy" 
material,  which  are  pathognomonic  of  the  condition.  With  large  enter- 
oUths  the  symptoms  are  those  of  obturation  ileus  rather  than  those  of 
infection  in  the  abdominal  cavity. 

Right  Upper  Quadrant  of  Abdomen. — ^The  lesions  of  the  right  upper 
quadrant  which  may  simulate  appendicitis  are  acute  gastric,  or  acute 
exacerbation  of  an  ancient  ulcer,  choleUthiasis,  pancreatic  calculi  and 
acute  pancreatitis.  Pyloric  and  duodenal  ulceration  or  perforation 
may  closely  resemble  appendicitis.  The  pain,  muscular  defense,  sensi- 
tiveness to  palpation  and  percussion,  however,  are  primarily  most  marked 
in  the  right  upper  quadrant.  Infections  and  obstructions  of  the  biliary 
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tract  and  pancreas  not  infrequently  cause  symptoms  similar  to  those  of 
appendicitis.  The  exquisite  sensitiveness  to  perpendicular  percussion 
(Murphy)  is  the  most  important  differential  sign  in  the  acute  stage, 
and  the  inability  of  the  patient  to  take  deep  inhalation  with  the  fingers 
hooked  under  the  right  costal  arch  indicates  acute  retentions  or  infections 
in  the  gall-bladder.  The  gall-stone  colic  is  fairiy  characteristic  and  can 
be  confounded  only  with  the  non-inflammatory  appendicular  coHc. 
In  cholecystitis  there  is  frequently  a  history  of  previous  portal-zone 
infection,  typhoid  particularly.  The  pain  in  gall-bladder  diseases 
radiates  toward  the  shoulder.  Icterus  may  be  present  in  severe  infections 
of  the  appendix,  and,  on  the  other  hand,  may  be  absent  in  gall-bladder 
diseases. 

Cases  of  obstruction  of  the  common  duct  give  a  clean-cut  history  and 
a  differential  diagnosis  is  easily  made. 

Movable  Kidney  with  or  Without  Dietl's  Crisis.— Edebohls  thinks 
that  there  is  a  close  cause-and-effect  relationship  between  a  right  movable 
kidney  and  appendicitis.  An  ectopic  kidney  may  compress  the  superior 
mesenteric  vein  against  the  spinal  column,  thus  producing  a  venous 
stasis  in  the  appendix,  which  favors  inflammation. 

A  painful  movable  kidney  may  occasionally  simulate  chronic  appendi- 
citis; with  careful  physical  examination,  however,  the  discrimination 
can  be  made. 

Dietl^s  crisis  is  always  associated  with  a  right  movable  kidney.  It 
is  characterized  by  a  sudden  and  marked  pain  in  the  abdomen,  chills 
and  fever,  nausea  and  vomiting,  which  with  the  absence  of  physical  signs 
and  symptoms  of  infection  in  the  region  of  the  caput  coli  facilitate  the 
diagnosis. 

Cystic  dilation  of  the  renal  pelvis  with  periodic  retentions  from 
ureteral  flexion,  valve  formation,  or  muscular  hypertrophies  without 
infections  give  an  obscure  symptom-complex  not  dissimilar  to  recurrent 
appendicitis.  Physical  examination  and  ureteral  catheterization,  show- 
ing a  large  quantity  of  urine  retained  in  the  pelvis,  establish  the  diagnosis. 

Renal  Calculus;  Stone  in  Pelvis  of  Kidney. — CalcuU  give  rise  to 
sudden  severe  pain  referred  to  the  corresponding  inguinal  region  and  to 
the  testicle.  It  may  be  associated  with  visible,  but  is  always  accompanied 
by  microscopic  hematuria.  Pus  cells  are  also  present.  There  is  a  history 
of  periodicity  with  rapid  subsidence.  The  x-ray  is  of  great  value  in  many 
cases. 

Pyelitis. — A  history  of  infectious  disease  or  long-standing  secondary 
cystitis  is  almost  always  present.  Repeated  chills  followed  by  a  temper- 
ature of  a  septic  character,  subject  to  remissions,  pus  in  the  urine,  con- 
stitutional symptoms,  chronicity,  and  cystoscopic  and  ureteral  examina- 
tions will  confirm  the  diagnosis. 

Perinephritic  Abscess. — There  is  frequently  a  history  of  trauma, 
of  sepsis  in  the  pelvis  of  the  kidney,  or  of  a  previous  infectious  disease. 
It  may  be  crjqDtogenetic  in  its  onset.  Palpation  may  reveal  a  sensitive, 
possibly  fluctuating  mass  situated  high  in  the  right  hj^jochondrium  or 
loin,  usually  immovable.     Heavy  fist  percussion  (Murphy)  of  the  loin 
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with  the  patient's  body  bent  acutely  forward  elicits  extreme  tenderness. 
The  lumbar  tissues  may  be  infiltrated  or  edematous.  The  pain  radiates 
toward  the  testicle.  The  urine  may  contain  pus,  but  as  this  is  occasional 
in  appendicitis  it  loses  its  value. 

Pyloric  ulcer  gives  a  history  of  late  post-alimentary  pain,  two  or 
three  hours  after  meals.  The  gastric  analysis  shows  hyperacidity  in 
moat  cases.  The  stomach  contents  may  contain  blood,  or  if  stasis  be 
present  sarcinse;  the  feces  often  contain  blood;  there  is  loss  of  weight 
and  diminished  hemoglobin.  Local  sensitiveness  is  usual  in  the  right 
hypochondrium;  it,  however,  varies  with  gastroptosis.  There  are  in 
many  of  these  cases  very  pronounced  and  intensely  acute  attacks  which 
last  eight,  ten,  or  twelve  days  and  then  completely  subside,  leaving  not  a 
single  symptom  of  gastric  or  digestive  disturbance  until  the  next  attack. 
In  one  of  our  cases  of  this  class  the  ulcer  on  the  stomach  side  of  the 
pylorus  was  as  large  as  a  dollar  and  that  on  the  duodenal  side  as  large  as 
a  quarter. 

The  lesions  in  the  right  lower  quadrant  to  be  considered  are: 
In  the  male,  volvulus;  intussusception;  cryptorchidism  with  epididymitis 
or  orchitis;  intestinal  incarceration  or  strangulation  in  subperitoneal 
pockets;  incarceration  in  the  cecal  peritoneal  pouches;  incomplete 
hernia;  infection  of  the  iliac  glands  from  disease  of  the  external  genitalia 
or  lower  extremity;  peri-ureteral  abscesses;  infections  of  the  vas  deferens; 
cecal  or  sigmoidal  diverticulitis  (Mayo);  omental  torsion;  appendicitis 
in  hernial  sacs;  incarcerated  or  strangulated  omental  or  intestinal  hernia. 

The  diagnosis  of  a  strangulation  or  obstruction  of  the  bowel  is  not 
readily  made.  The  pain  comes  on  suddenly,  frequently  following  a 
physical  effort;  it  is  located  in  one  of  the  inguinal  regions  and  is  referred 
to  the  umbilicus.  The  patient  shows  evidence  of  shock;  the  temperature 
is  normal  or  subnormal,  and  is  never  elevated;  the  pulse  is  weak.  Vomiting 
is  always  present  and  persistent  and  consists  at  first  of  gastric  contents, 
then  of  bile,  finally  of  intestinal  contents,  and  rarely  of  fecal  material. 
The  vomiting  in  appendicitis  is  never  persistent  and  rarely  exceeds  three 
or  four  efforts.  The  abdomen  becomes  tympanitic  and  the  pain  gen- 
eralized; it  may  suddenly  subside  and  evidences  of  gangrene  ensue — as: 
subnormal  temperature,  weak  pulse,  facies  Hippocratica,  and  hiccup. 
Borborygmus  is  always  a  very  pronounced  symptom  in  mechanic  ileus 
from  any  cause;  it  is  always  absent  over  inflamed  zones  or  in  the  neigh- 
borhood of  foci  of  acute  infection.  It  precedes  the  pain  and  is  commonly 
associated  with  colicky,  wave-Hke  exacerbations.  Many  times  the 
peristaltic  wave  can  be  recognized  through  the  abdominal  wall,  which 
is  never  the  case  in  intra-abdominal  infections  except  when  associated 
with  mechanic  obstruction.  Physical  examination  reveals  an  irreducible 
tumor  in  external  hernial  obstructions. 

In  the  female  a  differential  diagnosis  between  appendicitis  and  affec- 
tions of  the  genitalia  on  the  right  side  requires  even  more  careful  analysis. 
In  diseases  of  the  adnexa  there  is  a  history  of  chronic  suffering,  except 
in  the  acute  cases  of  post-abortive  or  post-partum  sepsis.    A  history 
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of  intrauterine  instrumentation,  euretment,  or  acute  gonococcal  vaginal 
infection  is  very  common  in  acute  infections  of  the  pelvic  organs. 

The  attacks  in  appendicitis  are  sudden  and  the  pains  colicky  in 
character,  while  in  affections  of  the  adnexa  colicky  pains  are  an  exception. 
The  sudden  pains  from  infection  of  the  adnexa  are  rarely  ever  referred 
to  the  epigastrium,  the  almost  uniform  point  for  appendical  referred 
pains.  Differentiation  of  the  primary  focus  is  practically  impossible 
in  cases  where  the  appendix  and  tube  are  adherent  and  both  infected. 

Ectopic  Gestation. — ^The  pain  is  usually  mildly  colicky  in  character 
and  is  commonly  present  for  a  week  or  two  preceding  the  explosion. 
The  deferred  menstruation,  the  diminished  quantity  of  the  previous 
flow,  the  atypical  present  flow,  the  constitutional  evidences  of  hemorrhage, 
explosive  in  character,  the  signs  of  peritoneal  fluid,  the  fixation  of  a  mass 
in  the  right  or  left  fornix,  the  absence  of  temperature  elevation,  and  the 
finding  of  decidual  cells  in  the  vaginal  discharge,  all  combine  to  favor 
the  diagnosis  of  ectopic  gestation  or  ruptured  tubal  pregnancy.  The 
clinical  picture  of  rupture  is  so  sudden  and  so  alarming  that  one  can 
hardly  mistake  it  for  appendicitis. 

Rupture  of  a  tubal  or  tubo-ovarian  abscess  or  twisting  of  an  ovarian 
pedicle  must  also  be  excluded  in  the  differential  diagnosis  of  appendicitis, 
as  they  are  among  the  most  common  of  errors. 

Among  the  abdominal  conditions  which  may  simulate  appendicitis, 
irrespective  of  their  location,  are: 

Acute  Enteritis. — ^The  pain  is  diffuse  and  colicky  in  character. 
Diarrhea  is  constant.  The  abdomen  may  be  distended;  vomiting  is 
not  constant;  stormy  peristalsis  is  always  present.  The  temperature 
is  slightly  elevated,  not  exceeding  100.5°.  The  tongue  is  coated  and 
thirst  marked. 

Acute  pancreatitis,  in  one  of  its  three  forms:  hemorrhagic,  sup- 
purative, or  gangrenous.  While  the  three  forms  differ  somewhat  one 
from  another,  a  common  clinical  picture  of  the  more  acute  manifestations 
may  be  given  as  follows:  Sudden  onset  of  intense  pain,  occupying  the 
upper  half  and  situated  deeply  in  the  abdomen.  The  patient  usually 
sits  down  and  refuses  to  move  or  be  moved.  The  temperature  is 
subnormal  in  the  hemorrhagic  form,  soon  followed  by  a  chill  and  slight 
elevation  of  temperature;  in  the  suppurative  form  the  temperature 
may  be  elevated  from  the  beginning.  There  is  ordinarily  a  circumscribed 
mass,  sometimes  only  a  relative  muscular  defense  between  the  ends  of 
the  ninth  costal  cartilages.  Perpendicular  percussion  in  the  epigastrium 
causes  great  pain.  The  general  condition  is  very  alarming,  the  patient 
being  dyspneic,  cyanotic,  and  collapsed,  often  suffering  severe  hiccup. 
The  feces  contain  fat;  the  urine  albumin. 

In  right  pneumonia  with  diaphragmatic  pleurisy  the  pain  is  frequently 
referred  to  the  appendical  zone;  there  is  also  rigidity  of  the  wall  and 
suppression  of  peristalsis,  and  many  times  great  tympany.  Physical 
examination  of  the  chest  should  never  be  neglected,  especially  in  young 
subjects. 
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Chronic  Appendicitis. — Some  clinicians  make  a  distinction  between 
chronic  and  recurrent  appendicitis,  others  use  the  expressions  synony- 
mously. The  term  *' recurrent  appendicitis"  should  be  reserved  for 
the  cases  which  have  recurrent,  acute,  inflammatory  attacks,  with  all 
the  essential  symptoms  of  a  primary  seizure;  the  term  *' chronic  "  should 
never  be  applied  to  this  class.  All  of  these  terms  express  distinct  lesions 
of  the  appendix,  and  combined  they  do  not  cover  all  the  pathologic 
changes  found  in  this  organ.  There  may  be  added  adhesions,  displace- 
ments, flexions,  rotations  on  its  axis,  chronic  retentions,  foreign  bodies, 
etc.  The  term  **  chronic  appendicitis  "  should  include  all  of  the  chronic 
symptom-producing  conditions  of  the  appendix  other  than  those  em- 
braced in  the  preceding  special  headings.  These  appendical  lesions 
produce  grave  disturbances  of  the  digestive  equilibrium,  even  where  the 
anatomic  changes  in  the  appendix  are  comparatively  small. 

The  clinical  picture  is  not  by  any  means  definite  or  clear.  Some  com- 
plain of  gastric  disorders;  others  of  intestinal  symptoms;  still  others  of  a 
combination  of  the  two.  Some  have  anorexia  and  a  symptom-complex 
suggestive  of  gastric  ulcer,  for  which  Longuet  introduced  a  very  appro- 
priate term,  **  appendicular  dyspepsia."  Many  suffer  from  constipa- 
tion, others  from  a  mild  colitis.  Micturition  is  more  frequent.  Some 
patients  complain  of  a  continual  heaviness  in  the  abdomen  and  of  distress 
in  the  right  side  of  the  abdomen  when  lifting  or  bending  the  body.  Pa- 
tients generally  lose  weight,  become  pale  and  anemic;  most  of  them  are 
neurotics. 

Physical  examination  may  reveal  some  tenderness  in  the  region  of 
the  caput  coli;  many  times,  however,  such  an  examination  is  negative. 
Very  frequently,  in  chronic  cases,  a  considerable  distention  of  the  caput 
coli  may  be  found.  Temperature  is,  as  a  rule,  normal  throughout. 
The  leukocyte  count  is  in  the  vicinity  of  8000  to  9000  and  fairly  con- 
stant. 

Ths  diagnosis  of  chronic  appendicitis^  appendical  adhesions,  torsion, 
irritation,  colic,  etc,  should  never  be  acted  upon  in  an  operative  vxiy  until 
all  the  conditions  mentioned  tinder  differential  diagnosis  have  been  excluded 
by  a  careful  analysis  of  the  history  and  symjytoms  and  a  systematic  examina- 
tion made  for  each  of  the  diseases.  If  this  plan  is  followed,  an  unnecessary 
operation  will  rarely,  if  ever,  be  performed. 

Time  for  Operative  Intervention.— The  time  for  operative  inter- 
vention may  best  be  considered  in  four  periods:  First,  early,  within  the 
first  forty-eight  hours;  second,  in  the  actively  increasing  inflammatory 
processes,  from  the  second  to  the  fifth  day;  third,  in  the  subsiding  in- 
flammatory processes  from  the  fifth  day  on;  and  fourth,  in  the  inter- 
mediate stage — between  attacks.  From  the  previous  statements  con- 
cerning the  clinical  course  and  pathologic  changes,  it  can  be  seen  that 
the  most  favorable  time  for  operation  is  within  the  first  thirty-two  hours 
of  the  attack;  or,  from  a  pathologic  basis,  before  perforation  of  the 
appendix  or  infection  or  the  peri-appendical  tissues  has  taken  place. 
The  diagnosis  can  and  should  be  made  with  accuracy  in  the  great  majority 
of  cases  before  the  end  of  the  first  twenty-four  hours.    From  the  symp- 


774  SURGERY   OP  THE  APPENDIX  VERMIP0RMI8. 

toms  and  clinical  course  of  the  disease  in  the  first  forty-eight  hours  it 
is  impossible  to  predict,  with  any  degree  of  certainty,  what  the  subse- 
quent course  of  the  case  will  be— that  is,  whether  the  tendency  will  be 
to  subsidence  and  cure  by  the  natural  processes  or  to  a  virulent  course, 
if  not  fatal  termination. 

The  danger  of  operative  intervention  in  the  early  stage  is  scarcely 
more  than  that  of  an  exploratory  laparotomy.  The  time  required  for 
the  convalescence  is  not  more  than  two  and  a  half  to  three  weeks. 
Drainage  is,  as  a  rule,  not  indicated  and  hernia  improbable.  Unnecessary 
early  operations  from  errors  in  diagnosis  should  be  very  rare,  as  diagnosis 
in  the  first  twenty-four  hours  is  more  easily  and  accurately  made  than 
at  any  other  time,  and  is  the  time  par  excellence  for  operation.  The 
patient  would  be  relieved  of  his  appendicitis  without  hazard,  without 
prolonged  illness,  without  the  danger  of  unpleasant  sequelsB,  and  without 
the  possibility  of  recurrence,  by  the  timely  operation.  To  me  there 
appears  to  be  no  excuse,  no  explanation,  no  logical  process  for, 
no  justifying  hope  in,  delay  in  this  disease.  Procrastination,  under 
these  circumstances,  we  do  not  regard  as  a  manifestation  of  knowledge, 
experience,  judgment,  or  true  conservatism. 

Should  we  operate  in  the  second  stage,  during  the  increasing  or 
spreading  inflammatory  process,  which  may  mean  anywhere  from  the 
second  to  the  fifth  day?  In  this  stage  we  may  have  the  circumscribed 
abscess  around  the  appendix,  an  active  inflammatory  process  of  the 
neighboring  tissues  or  organs,  or  the  early  pathologic  changes  of  a  cir- 
cumscribed or  general  peritonitis.  We  often  find  the  temperature  and 
pulse  high,  meteorismus,  intestinal  paralysis,  and  acutely  infected  tissues, 
with  manifestations  of  severe  intoxication  at  this  stage.  These  patients 
will  not  stand  extensive  manipulations.  They  are  already  fully  burdened 
with  the  toxins,  and  this  intoxication  must  not  be  increased  or  the  patient 
will  be  sacrificed.  Shall  we  operate?  Yes;  but  the  operation  must  be  a 
limited  one;  that  is,  simple  opening  of  abscess  and  relief  of  pus  tension 
in  the  infected  area  with  the  removal  of  the  appendix,  if  it  be  accessible 
and  easily  amputated.  There  should  be  the  least  possible  separation  of 
aggliUinations  or  other  trauma  to  the  infected  tissues,  as  agglutinations  and 
adhesions  are  life-saving,  both  in  circumscribing  the  process  and  in 
rendering  the  local  tissues  incapable  of  absorption.  Many  of  the  fatalities 
in  operations  for  appendicitis  have  been  due  to  the  failure  of  recognition 
of  these  facts.  Where  the  patient  is  apparently  overwhelmed  with  the 
intoxication  from  a  circumscribed  or  diffuse  peritonitis  or  inflammatory 
process,  we  content  ourselves  with  making  a  simple  incision  in  the  ab- 
domen and  relieving  the  pus  tension  by  the  insertion  of  a  large  drainage- 
tube  vrithout  irrigation  f  without  sponging ^  and  without  manipulation  of  the 
tissues.  On  the  other  hand,  in  the  ascending  stage  of  the  disease,  where 
the  depression  is  not  noticeable,  when  the  intoxication  is  not  severe, 
even  when  the  quantity  of  pus  is  large,  circumscribed  or  not  circumscribed, 
the  appendix  is  removed.  The  extent  of  the  operation  is  governed 
rather  by  the  constitutional  symptoms  of  the  sepsis  than  by  the  extent 
or  character  of  the  pathologic  changes.    One  fact  must  never  be  lost 
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sight  of  in  operating  on  this  class  of  cases,  and  that  is,  that  the  pus  is 
usually  virulent,  and  when  organized  adhesions  are  present  they  must  not 
be  separated,  as  they  expose  the  surface  to  acute  absorption.  Organic 
adhesions  are  rarely  formed  before  the  fifth  day.  Exudates  must  not  be 
rubbed  nor  torn  off,  as  they  carry  with  them  the  endothelium  and  leave 
an  abraded  absorbing  surface.  The  peritoneum  should  be  considered 
similar  to  the  skin;  in  the  latter,  while  the  epithelium  is  intact,  there  is 
practically  no  absorption;  the  celb  are  the  shingles  of  protection;  with 
the  peritoneum,  while  the  endothelial  cells  are  intact,  there  is  likewise 
practically  no  absorption,  as  there  are  no  peritoneal  stomata.  The  rule, 
therefore,  which  we  follow  is  not  to  treat  any  of  the  active  inflammatory 
conditions  on  the  expectant  plan,  but  to  relieve  the  suppurating  infected 
centers  by  opening  and  inserting  an  efficient  drain;  in  the  cases  where 
the  constitutional  intoxication  is  mild  the  appendix  is  removed  when 
accessible.  In  our  work  the  appendix  has  been  removed  in  nine  cases 
out  of  ten  operated  in  the  second  stage,  while  if  attempted  in  the  other 
10  per  cent,  of  cases,  with  severe  symptoms  of  constitutional  sepsis, 
we  feel  the  majority  of  them  would  have  been  fatal.  In  the  last  five 
years'  work  in  general  septic  peritonitis  we  have  had  forty-seven  cases 
of  perforative  diffuse  general  peritonitis  operated  in  the  active  stage 
with  but  two  deaths,  and  neither  of  these  from  the  peritonitis.  The 
treatment  after  the  operation  in  these  cases  consisted  in  placing  and 
retaining  the  patients  in  a  semi-sitting  (Fowler)  position  (35  to  45  degrees) 
for  three  or  four  days,  administering  large  quantities  of  saline  solution 
per  rectum,  from  six  to  fifteen  quarts  in  twenty-four  hours;  the  saHne 
must  be  allowed  to  seep  in,  the  tube  remaining  constantly  in  position. 
No  water  should  be  given  by  mouth,  as  the  stomach  never  absorbs  it 
directly,  and  under  these  conditions  it  does  not  readily  transmit  it  to  the 
intestines  for  absorption.  Mild  catharsis  should  be  induced  with  small 
doses  of  calomel,  beginning  eight  hours  after  operation. 

I  feel  convinced  that  the  great  mortality  which  has  been  reported  in 
operations  in  the  second  stage  and  under  the  clinical  conditions  mentioned 
above  have,  in  a  measure,  been  due  to  excessive  manipulation,  sponging, 
flushing,  adhesion  separating,  and  prolonged  operation.  The  deaths  in  these 
cases  of  acute  infection  are  due  to  the  depression  resulting  from  a  sudden 
absorption  of  an  overwhelming  dose  of  bacteria  and  their  toxins;  this 
absorption  is  favored  by  the  manipulations  mentioned. 

The  treatment  of  an  acute  infective  focus  in  the  peritoneum  should 
be  the  same  as  the  treatment  of  similar  infections  in  other  portions  of  the 
body,  for  example,  acute  osteomyelitic  foci  in  the  ends  of  long  bones. 
In  these  we  open  or  tap  without  irrigation,  sponging,  curetting,  or  manipu- 
lation, and  simply  insert  a  drain.  If  we  will  treat  the  peritoneum  with 
the  same  consideration,  we  will  have  equally  gratifying  results. 

The  sitting  posture  after  operation  allows  the  pus  to  settle  in  the  most 
dependent  portions  of  the  peritoneum;  there  it  is  pumped  out  through 
the  tube  by  the  alternating  diaphragmatic  pressure.  During  trans- 
portation of  cases  of  general  suppurative  peritonitis  to  the  hospital  and 
during  the  operation  the  patients  should  be  kept  in  a  semi-sitting  position. 
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I  do  not  consider  any  of  these  steps  in  the  sense  of  life-savers j  but  their 
cornbinaiion  and  the  results  obtained  have  revolutionized  our  ideas  and 
prognoses  in  general  suppurative  peritonitis,  as  well  as  in  acute  and 
viciously  septic  appendicitis. 

Operations  in  the  third  stage,  or  the  stage  of  subsidence  of  the  inflam- 
matory process  or  retardation  of  the  process  of  absorption,  are  not  at  all 
urgent,  as  in  the  first  and  second  stages.  To  begin  with,  the  destructive 
process  has  been  overpowered  by  the  local  resistance  of  the  tissue  (the 
local  immunity  of  tissue  infiltration),  and  an  effectual  encapsulation  of 
the  pus  has  taken  place;  or  it  has  emptied  through  ulceration  into  a 
neighboring  coil  of  intestine;  or  is  slowly  destroying  its  boundaries  in 
the  line  of  least  resistance  and  little  absorption  is  taking  place. 

This  process  may  continue  for  a  considerable  period  of  time,  unless 
some  accident  should  rupture  the  wall,  or  the  pus  should  come  in  contact 
with  a  vein  and  thrombophlebitis  with  embolism  ensue.  The  retained 
products  of  infection  under  these  circumstances  are  always  an  element 
of  danger,  and  in  the  hands  of  judicious  and  careful  operators  in  this 
stage  they  can  be  conducted  to  the  surface  without  hazard  to  the  patient. 
By  carefully  coffer-damming  the  operative  field  the  appendix  can  very 
frequently  be  removed  without  extensive  separation  of  adhesions  or 
scattering  the  pus  over  non-infiltrated  areas.  If  a  mass  is  felt  in  the  iliac 
fossa,  pelvis,  or  loin,  and  is  readily  accessible  in  any  of  these  positions^ 
it  should  be  opened  directly  over  the  most  prominent  point  and  drained; 
this,  however,  must  always  be  the  exceptional  route.  When  a  case  has 
progressed  to  this  stage,  the  patient  is  in  a  position  to  be  placed  in  the 
best  operative  environment  and  to  have  the  best  skill.  Personally  we 
prefer  to  open  through  the  anterior  abdominal  wall  in  practically  all 
of  these  cases  and  coffer-dam  the  field  before  opening  the  pus  cavity. 
We  have  had  eight  deaths  in  this  class  of  cases,  two  in  which  the  free 
peritoneal  cavity  was  not  opened,  but  where  the  bulging  abscess  was 
simply  opened  and  drained.  In  both  of  these  incision  was  made  in  the 
anterior  abdominal  wall  without  entering  the  free  peritoneal  cavity. 
Either  from  the  preparatory  manipulation  or  from  pressure  on  the  ab- 
scesses during  operation  they  ruptured  below  into  the  free  peritoneal 
cavity.  Both  were  large  abscesses,  one  in  a  fourteen-day  and  the  other 
in  an  eleven-day  case.  The  accident  was  not  detected,  as  the  pus  flowed 
freely  from  the  abscesses  when  they  were  incised.  The  patients  died 
from  acute  septic  absorption  seventeen  and  twenty-six  hours  respectively 
after  operation.  These  cases  occurred  years  ago,  and  since  that  time 
we  never  open  directly  into  an  abscess  through  an  anterior  incision; 
we  always  keep  to  the  median  side  of  the  abscess  and  open  into  the  free 
peritoneum,  placing  the  coffer-dams  before  liberating  the  pus.  Three 
were  operations  in  the  third  stage,  with  a  secondary  elevation  of  tem- 
perature and  manifestations  of  absorption;  two  of  these  died  from  acute 
sapremia  from  excessive  separation  of  organized  adhesions  in  efforts 
to  remove  the  appendix  in  the  presence  of  virulent  pus.  The  other  died 
from  advancing  gangrene  with  aerogenous  infection  in  which  the  intestines 
and  local  tissues  sloughed.    The  other  three  died  of  pylephlebitis  with 
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multiple  hepatic  abscesses.  This  I  do  not  feel  could  be  attributed  to 
the  operation,  but  to  the  fact  that  the  operation  was  late  and  thrombi 
had  formed  in  branches  of  the  portal  vein. 

In  the  third  stage  the  presence  of  pus  is  always  an  element  of  danger, 
and  we  should  not  feel  content  until  it  is  drained. 

In  the  fourth  or  intermediate  stage  the  question  arises,  Should  we 
operate  on  every  patient  who  has  been  through  an  acute  attack  of  appendi- 
citis? If  so,  why?  The  reasons  favoring  the  operation  are  these:  first, 
after  an  attack  of  appendicitis  the  patient  is  predisposed  to  recurrence; 
second,  upward  of  60  per  cent,  of  the  cases  operated  by  us  in  the  inter- 
mediate stage  had  had  more  than  one  attack;  third,  in  the  large  pro- 
portion of  the  cases  in  which  there  was  incision  and  drainage  only  of  the 
abscess  (which  was  a  procedure  frequently  recorded  by  us  in  our  first 
three  hundred  cases)  the  attacks  recurred;  in  one  patient  we  drained  a 
periappendical  abscess  on  three  different  occasions,  always  in  the  presence 
of  severe  sepsis,  before  we  succeeded  in  inducing  the  patient  to  come  in 
between  attacks  to  have  the  appendix  removed;  fourth,  the  pathologic 
changes,  such  as  adhesions,  flexions,  stenoses,  etc.,  following  a  primary 
attack  very  much  favor  a  recurrence;  fifth,  even  if  there  were  no  danger 
of  recurrence  of  the  acute  inflammatory  conditions,  the  adhesions, 
fixations,  stenoses,  flexions,  and  retentions  in  the  appendix  produce 
sufficient  disturbance  of  the  digestive  tract  to  demand  an  operation  for 
their  prevention  or  relief;  sixth,  recurrent  infections  are  scarcely  less 
dangerous  than  primary  attacks  (we  recall  one  patient  who  died  in  the 
seventh  attack);  seventh,  the  appendix  can  be  removed  in  the  inter- 
mediate stage  without  danger.  About  two-thirds  (upward  of  2000) 
of  our  entire  number  of  operations  were  in  the  so-called  intermediate 
stage.  In  all  of  these  we  had  one  fatality,  and  that  was  from  an  acute, 
infective  peritonitis,  traceable  to  an  assisting  interne  who  had,  without 
our  knowledge,  made  an  autopsy  on  a  post-abortive  peritonitis  the  night 
before  the  operation;  two  other  patients  operated  on  the  same  day  were 
similarly  infected.  We  had  one  case  of  severe  but  not  fatal  hemorrhage 
in  the  person  of  a  physician,  due  to  penetration  of  the  deep  epigastric 
artery  by  the  closing  figure-of-8  suture.  In  four  of  the  intermediate 
cases  all  but  a  stump  of  the  appendix  was  found  to  have  been  destroyed 
by  the  sloughing  process.  This  is  an  extremely  small  number  when  one 
considers  the  severity  of  the  inflammatory  process  and  the  number  of 
cases  in  which  the  mucosa  is  gangrenous,  as  seen  in  the  early  operations. 
A  partial  or  even  complete  obliteration  of  the  lumen  of  the  appendix 
is  not  rare. 

Immediate  Results. — ^The  immediate  results,  if  analyzed  in  succes- 
sive hundreds,  have  varied  materially.  The  greatest  mortality  was  in 
our  first  one  hundred  cases,  reaching,  as  it  did,  11  per  cent.  We  might 
add,  however,  that  in  that  one  hundred  cases  practically  every  one  was 
an  acute  infection  with  pus  perforation,  more  or  less  peritonitis,  etc.; 
this  embraces  the  period  from  March  2,  1889,  to  July  23,  1893.  The 
number  of  deaths  in  each  one  hundred  then  gradually  decreased  until 
after  the  meeting  of  the  American  Medical  Association  at  Atlanta  in 
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May,  1896,  when  it  will  be  recalled  there  waa  a  great  cry  at  that  meeting 
against  intraperitoneal  operations,  and  particularly  against  the  frequent 
operations  for  appendicitis.  This  was  heralded  through  the  journals, 
and  the  general  practitioner  who  was  in  close  contact  with  the  public, 
believing  it  represented  the  consensus  of  opinion  of  the  majority  of 
surgeons,  accepted  it  as  a  fact  and  hesitated  before  advising  operations 
when  unquestioned  symptoms  of  appendicitis  were  present.  This  sen- 
timent represented  the  ideas  of  men  who  conducted  large  clinics  and 
were  not  in  close  contact  with  the  public  and  the  general  practitioner. 
The  penalty  in  lives  was  great.  These  clinicians  saw  mostly  intermediate 
cases  and  did  not  realize  the  virulence  rapidity  of  destruction,  and  danger, 
nor  the  consequent  vital  importance  of  prompt  and  early  action  in  the 
acute  infective  stage.  In  the  year  following  this  meeting  our  mortality 
reached  seven  in  one  hundred.  Then  there  was  another  gradual  dechne, 
and  the  error  of  the  physician  was  recognized,  until  the  second  epidemic 
of  so-called  conservatism  C* expectant  treatment")  passed  over  the 
country  and  carried  with  it  its  quota  of  deaths,  the  mortality  rising  again 
to  six  in  one  hundred.  Since  that  time  there  has  been  a  steady  decline 
in  the  number,  until  in  our  last  one  hundred  operations  there  was  a 
mortality  of  2  per  cent.  It  seems  to  me  that  every  death  from  appendi- 
citis is  chargeable  directly  to  the  people,  for  not  calling  in  the  physician 
sufficiently  early  after  the  onset  of  the  symptoms,  or  to  the  physician  and 
surgeon  for  not  acting  promptly  when  they  are  called.  We  are  sorry 
to  admit  that  the  latter  represents  the  greater  percentage.  We  should 
have  no  deaths  from  appendicitis,  but  toe  are  having  them.  We  should 
accept  the  force  of  numbers  and  experience  to  guide  us  against  the 
culpable,  if  not  criminal  error  of  delay  in  this  class  of  cases.  It  is  not 
necessary  that  every  physician  should  lose  a  case  to  learn  the  lesson, 
any  more  than  every  doctor  should  lose  a  case  under  chloroform  anes- 
thesia before  learning  to  abandon  it. 

R.  G.  Coffey  collected  13,445  cases  from  various  large  hospitals  in  the  United 
States  with  a  mortality  of  7.4  per  cent.  In  his  analysis  Coffey  arranged  the  cases 
in  five  groups,  grading  them  according  to  the  average  number  of  patients  per  staff 
surgeon.  In  these  respective  groups  this  average  was  13,  7,  6,  2^,  and  1}  cases  of 
appendicitis  per  surgeon,  to  which  the  corresponding  mortality  was  6.3,  6.7,  7.1, 10.5, 
and  13.7  per  cent,  respectively.  These  statistics  show  that  the  mortality,  in  all 
the  hospitals,  is  much  greater  than  it  should  or  would  be  if  the  cases  were  treated 
in  time.  It  shows  further  that  in  the  hospitals  in  which  little  experience  existed 
the  mortality  was  appalling.  The  mortality  of  the  five  most  active  operators — 
Ochsner,  Mayo  Brothers,  Deaver,  and  Murphy — is  2.52  per  cent.*  Lanz.  of  Amster« 
dam,^*  operated  seven  hundred  and  ten  cases  without  a  death.  He  considers  opera- 
tions during  the  first  and  second  day  of  the  attack  as  well  as  in  the  interval  perfectly 
safe.  In  contrast  with  these  statistics,  M.  H.  Richardson,  in  an  analysis  of  seven 
hundred  and  fifty  cases  collected  by  him,  gives  an  operative  mortality  of  18  per  cent. 
The  mortality  in  one  hundred  and  sixty-one  cases  of  general  suppurative  peritonitis 
of  appendical  origin  at  the  Massachusetts  General  Hospital*'  for  a  period  of  five 
years,  was  66  per  cent. ;  the  number  of  recoveries  increased  from  28  per  cent,  in  1899 
to  48  per  cent,  in  1900.     In  the  light  of  present  results  these  figures  are  shocking. 

Final  Results. — The  final  results  in  appendicitis,  as  a  whole,  are 
very  gratifying.    When  a  patient  has  had  the  appendix  removed,  the 
*  Practical  Medicine,  Series  1907,  vol.  ii,  p.  420. 
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Tule  is  that  he  recovers  from  the  operation,  has  as  good  if  not  better 
health  than  he  had  before,  and  is  free  from  pain  and  inconvenience  in 
the  right  iliac  region.  Rarely  if  ever  is  there  disturbance  of  his  digestive 
tract  as  the  result  of  the  disease  or  the  operation.  It  is  surprising  how 
completely  extensive  adhesions,  the  result  of  diffuse  inflammatory 
processes,  disappear  soon  after  the  focus  of  infection  is  removed  and  the 
source  of  irritation  eradicated.  Prolonged  packing  and  drainage  tend 
to  the  formation  of  more  firm  adhesions  than  usually  result  from  simple 
inflammatory  processes  themselves.  With  the  exceptions  of  the  adhe- 
sions following  tuberculosis  of  the  peritoneum  there  is  no  other  disease 
in  which  they  disappear  so  rapidly  and  completely  as  those  that  exist 
around  an  inflamed  appendix.  If  the  appendix  perforates  into  an 
adherent  intestine,  a  firm  and  organic  adhesion  remains,  uniting  it  to  the 
small  intestine,  the  caput  coli,  the  colon,  or  the  sigmoid,  as  the  case  may 
be.  All  but  these  rapidly  disappear,  so  that  in  an  abdomen  where  six 
weeks  previously  an  operation  had  been  performed  for  the  drainage  of  a 
large  appendical  abscess  with  extensive  suppuration  and  adhesions, 
almost  every  evidence  of  the  disease,  except  a  fluffy  velvety  condition 
of  the  peritoneum,  has  disappeared.  This  is  an  every-day  observation. 
In  the  average  case  the  regenerative  power  of  the  endothelium  over  the 
intestine  is  great.  Occasionally  we  find  a  tendency  to  keloid  formations 
in  the  peritoneum  or  to  the  formation  of  cord-like  adhesions  which 
develop  into  strong,  firm  bands  of  sufficient  strength  to  support  the 
weight  of  the  patient.  Fortunately  these  are  rare.  If  the  appendix 
remains  and  becomes  the  source  of  chronic  irritation  after  an  attack  of 
appendicitis,  the  adhesions  often  continue  and  remain  there  as  a  protec- 
tion against  a  subsequent  attack,  lessening  the  danger  of  perforative 
peritonitis. 

Results  of  Operation  in  Tuberculosis  of  the  Cecum  and  Appen- 
dix.— Campiche**  collected  a  series  of  three  hundred  and  seventy-nine 
operations  with  a  mortahty  of  18.6  per  cent.  Over  one-third  of  the 
patients  remained  in  good  health  for  months  and  even  years  afterward, 
and  about  the  same  number  died  sooner  or  later  from  the  disease  or  its 
effects. 

The  best  method  of  operation  is  appendical  or  appendicocecal  resec- 
tion with  side-to-side  anastomosis.  Eighty-six  per  cent,  by  this  pro- 
cedure recovered.  When  an  artificial  anus  was  instituted  in  addition 
to  the  resection,  over  80  per  cent,  of  the  patients  died.  Extensive  resec- 
tions were  also  very  fatal.  Exploratory  laparotomy  was  followed  by 
permanent  cure  in  only  15.7  per  cent. 

There  were  86.4  per  cent,  of  immediate  recoveries  from  appendec- 
tomy; the  tuberculosis  in  the  neighboring  intestine  still  persisted,  how- 
ever, so  in  reaUty  only  13.6  per  cent,  of  the  twenty-two  cases  in  which 
this  operation  was  performed  can  be  looked  upon  as  permanently  cured. 
The  well-defined  pathologic  basis  for  surgical  procedures  in  tuberculosis 
of  the  intestine  is  appUcable  here  as  elsewhere.  All  of  the  infected 
mucosa  should  be  removed,  even  if  it  requires  the  resection  of  many 
feet  of  the  tract.     The  tuberculous  peritoneum  does  not  need  to  be 
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excised,  as  it  is  self-reparative.  End-to-side  or  side-to-side  union  should 
be  performed  with  at  least  three  rows  of  sutures  if  the  peritoneum  at 
the  point  of  approximation  is  involved;  if  not  involved,  the  button  or 
two  rows  of  suture  should  be  used.  Exclusion  or  **  auschaUung  "  should 
be  practised  where  excision  is  impracticable  on  account  of  adhesions  or 
extensive  invasion  of  the  mucosa.  Artificial  anus  should  never  be 
resorted  to.  Tuberculosis  of  the  mucosa  of  the  intestine  practically 
never  completely  heals  of  itself;  therefore,  for  radical  cure,  excision  is 
very  desirable.  A  tuberculous  zone,  if  excluded  from  the  fecal  current, 
may  remain  quiescent  for  a  lifetime,  giving  the  patient  practically  no 
symptoms  or  inconvenience.  This  clinical  fact  greatly  favors  exclusion 
as  the  operation  of  choice  under  these  conditions,  since  it  involves  so 
little  danger  to  the  patient  and  produces  so  little  depression.  Intestinal 
union  in  the  presence  of  tuberculosis  is  difficult  to  secure,  therefore 
greater  care  must  be  exercised  in  the  technic  of  the  anastomosis  to  avoid 
the  all-too-frequent  fistulas.  Mixed  infection  of  the  peritoneum  from 
the  intestine  produces  a  very  dangerous  and  frequently  fatal  complica- 
tion. Large  doses  of  tuberculin  produced  the  first  and  only  complete 
healing  recorded  of  tuberculous  ulcers  in  the  presence  of  fatal  pulmonary 
tuberculosis,  in  the  Moabit  Hospital  in  1890  and  1891.  There  is,  there- 
fore, now  a  ray  of  hope  for  the  healing  of  tuberculosis  of  the  mucous 
membrane  of  the  intestine  through  the  mild  or  opsonic  doses  of  tuberculin. 

Post^operative  Complications. — As  regards  the  immediate  post- 
operative compUcations,  the  most  common  occurrences  are  peritonitis, 
ileus,  pylephlebitis  and  thrombophlebitis,  hemorrhage,  fistulas,  and 
hepatic,  subphrenic,  and  other  circumscribed  abscesses. 

Ileus  is  not  an  uncommon  complication,  due  to  plications  or  folds  of 
the  intestine,  adhesions,  torsions,  and  circumscribed  inflammatory  fixa^ 
tions,  greatly  favored  by  peritoneal  tampons  and  somewhat  by  drainage- 
tubes.  It  frequently  leads  to  a  fatal  termination,  as  it  is  difficult  to 
differentiate  its  symptoms  from  those  of  progressive  post-operative 
inflammation  and  infection. 

W.  Howard  collected  3774  appendectomies  from  London  hospitals; 
he  found  post-operative  thrombosis  in  thirty-four  cases  and  pulmonary 
embolism  in  eight.  It  is  not  at  all  uncommon  to  have  a  thrombophlebitis 
of  the  right  or  left  femoral  vein  after  the  operation.  Many  explanations 
have  been  given  for  this  occurrence,  but  none  that  we  consider  satisfactory. 

In  twenty  years  we  have  not  had  a  single  case  of  intra-intestinal 
hemorrhage.  William  Hessert  in  an  able  article  reports  three  cases  of 
post-operative  hemorrhage  into  the  colon.  Two  of  the  cases  were  interval 
operations;  in  one  the  appendix  was  mildly  inflamed.  The  hemorrhage 
was  due  to  the  inversion  of  the  appendical  stump  without  ligation. 

In  our  first  one  hundred  cases  we  had  fifteen  fecal  fistulas.  In  our  more 
recent  experience  we  do  not  average  one  fecal  fistula  for  each  one  hundred 
cases.  The  fistulas  are  the  sequence  of  gangrene  or  necrosis  of  the  in- 
testine from  long-retained  pus;  failure  of  union  of  the  stump  of  the  ap- 
pendix due  to  the  infection  present;  and  lastly  trauma  to  the  wall  lowering 
its  resistance,  or  laceration  of  it,  in  separating  adhesions.    In  very  vim- 
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lent  infections  gangrene  of  an  extensive  area  of  the  intestinal  wall  may 
precede  or  follow  operation.  Fistulas  usually  close  without  operative 
intervention  within  four  or  five  weeks;  if  they  discharge  beyond  that 
time,  excision  of  the  fistulous  tract  with  suture  of  the  wall  should  be 
practised. 

Post-operative  adhesions  in  appendical  operations  in  the  great  major- 
ity of  cases  entirely  disappear;  occasionally,  however,  they  fix  the  intes- 
tine permanently  to  the  scar,  and  sometimes  many  loops  to  one  central 
point.  The  intestine  may  be  rolled  on  itself  and  in  that  way  produce 
a  partial  ileus. 

The  other  post-operative  complications  are,  in  their  method  of  pro- 
duction, pathology,  and  symptomatology,  identical  with  corresponding 
pre-operative  processes,  which  have  been  previously  described. 

The  avoidance  of  adhesions  is  the  keynote  to  the  ultimate  restorer 
tion  to  health  after  all  abdominal  operations.  This  perfection  is  at- 
tained by  avoiding  lacerations,  trauma,  tampon,  gauze  drainage,  and, 
wherever  possible,  tubal  or  glass  drains. 

L.  Jones"  traced  patients  operated  during  1900,  1901,  and  1902  at  St.  George 
Hospital;  only  fifty-four  of  the  eighty-seven  operated  made  a  perfect  recovery 
after  the  operation.  In  two  cases  in  which  the  appendix  was  not  removed  and  only 
the  appendical  abscess  drained,  patients  were  re-operated  for  acute  attacks. 

We  have  observed  a  small  number  of  cases  in  which  patients  com- 
plained of  diffuse  abdominal  pain  after  the  operation.  Palpation  of  the 
abdomen  showed  an  unusual  irritability  of  the  peritoneum,  the  slightest 
touch  giving  a  pronounced  pain  in  every  portion  of  the  abdomen.  These 
cases  of  hypersensitiveness  of  the  peritoneum  occur  about  once  in  every 
two  hundred  laparotomies.  They  are  uniform  and  classic  in  their  symp- 
tomatology, and  are  not  necessarily  post-operative  sequete,  as  they  are 
often  seen  where  no  operation  has  been  performed  and  where  no  path- 
ologic condition  can  be  found  in  the  peritoneum  to  account  for  this 
condition.  It  is  one  in  which  the  surgeon  should  always  refrain  from 
operating,  as  with  each  operation  the  hypersensitiveness  is  increased. 

Non-operative  Treatment  of  Appendicitis.— There  are  rare  occa- 
sions when  patients  with  appendicitis  cannot  be  operated.  If  such  be 
the  case,  the  non-operative  treatment  must  be  instituted  not  so  much  as 
a  matter  of  choice  but  as  a  matter  of  necessity. 

The  most  interesting  and  valuable  non-operative  treatment  is  that 
known  as  *'Ochsner's  treatment."  A  great  deal  of  judgment  must  be 
used  in  its  application.  In  the  hands  of  an  indiscriminating  practitioner 
this  treatment  will  prove  disastrous;  it  is  often  misinterpreted  and  used  as 
a  mantle  for  incompetency  and  an  excuse  for  delay.  It  is  applicable 
in  cases  where  the  surroundings  of  the  patient  are  such  as  to  make  an 
operation  impossible  at  the  time,  in  cases  where  the  patient  cannot 
withstand  the  shock  of  an  operation,  or  finally  where  there  is  no  competent 
operator  available. 

This  treatment  is  advised  by  Ochsner  when  the  timely  and  desirable 
operative  procedure  has  not  been  instituted  within  the  first  forty-eight 
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hours,  and  consists,  in  brief,  of  the  total  abstinence  from  food,  the  individ- 
ual's vitality  being  maintained  by  nutrient  enemas.  Ochsner  prefers 
to  give  the  pre-digested  foods  instead  of  the  ordinary  nutrient  enema. 
If  the  patient  is  considerably  nauseated,  the  pharynx  is  sprayed  with  a 
2  per  cent,  solution  of  cocain  and  the  stomach  washed  out.  *'It  is  sur- 
prising often  to  find  a  great  quantity  of  decomposing  material  in  a  pa- 
tient's stomach  after  he  has  vomited  so  much  that  it  seems  impossible 
to  find  any  more  "  (Ochsner).  • 

Technic. — History. — ^The  history  of  the  technic  may  be  divided 
into  three  stages: 

First:  The  period  in  which  the  operation  was  performed  with  phlegmon 
of  the  abdominal  wall. 

Second:  The  period  in  which  the  operation  was  performed  with  cir- 
cumscribed indurations  in  the  abdomen,  but  without  phlegmon  of  the 
wall  or  adhesions  of  the  abscess  to  the  wall.  This  was  initiated  by 
Kraussold  and  Kraflft  in  Germany  in  1888,  and  Gaston,  Murphy,  and 
McBurney  in  America  in  1889.  The  incision  first  used  by  these  operators 
was  that  known  in  the  text-books  as  **  incision  for  ligation  of  the  right 
common  iliac  artery."  In  July,  1890,  Murphy  changed  his  incision 
to  one  two  inches  to  the  median  side  of  the  anterior  superior  spinous 
process  and  parallel  to  the  fibers  of  the  external  oblique  muscle,  spUtting 
them  and  incising  the  underlying  peritoneum,  thus  making  a  transperi- 
toneal operation.  The  same  was  used  for  the  drainage  of  abscesses  and 
for  the  removal  of  the  appendix.  Sonnenburg  (1891)  suggested  a  two- 
sitting  operation  with  the  hope  of  walling  off  the  free  peritoneum  before 
opening  the  abscess.  In  December,  1890,  I  changed  to  the  trans- 
rectus  incision,  from  which  I  have  never  varied  in  tjrpical  cases. 
The  Sonnenburg  (1890)  incision  changed  much  with  the  location  of  the 
abscess,  but  was  always  an  oblique  one.  The  next  important  change 
in  the  division  of  the  wall  was  that  instituted  by  McArthur  and  McBumey 
(1893),  known  as  the  ** gridiron  incision.*'  Since  1893  numerous  changes 
have  been  suggested  for  the  division  of  the  abdominal  wall,  but  they  are 
not  improvements  on  the  gridiron  muscle-splitting  or  trans-rectus 
muscle-displacing  incisions. 

The  size  of  the  incision  has  varied  from  the  large  6-  or  7-inch  to  a 
2-  or  3-inch  incision.  The  greatest  influence  in  reducing  the  size  of  the 
incision  was  exerted  by  the  article  of  Morris,  *'The  Inch  and  a  Half 
Incision."  The  average  incision  of  today  is  a  little  longer  than  that 
suggested  by  Morris,  and  in  the  hands  of  the  inexperienced  is  to  their  ad- 
vantage. The  median  incision  is  rarely  resorted  to  where  the  diagnosis 
is  established  before  the  operation. 

Technic  of  Operation. — ^The  technic  of  operation  must  be  adapted 
to  the  varied  pathologic  conditions  and  can  best  be  described  under  five 
headings: 

1.  The  procedure  within  forty-eight  hours  of  the  onset  of  the  attack, 
while  the  process  is  still  confined  within  the  appendix. 

2.  In  the  circumscribed  abscess  stage  with  the  disease  in  the  common 
position  (at  McBumey 's  point). 
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3.  With  the  abscess  in  varied  erratic  positions. 

4.  With  general  peritonitis. 

5.  In  the  intermediate  stage. 

During  the  first  forty-eight  hours,  and  particulariy  in  the  first 
thirty,  the  disease  is  confined  within  the  limits  of  the  appendix.  It  may 
be  agglutinated  to  various  organs,  but  it  is  easily  freed,  unless  fixed  by 
previous  adhesions.  Its  base  at  this  stage  is  commonly  just  above  the 
right  iliac  artery.  The  incision  here  should  be  trans-rectus,  just  to  the 
median  side  of  the  semilunar  line,  and  bisected  by  a  line  drawn  from  the 
anterior  superior  spinous  process  to  the  umbilicus;  it  should  be  two  inches 
in  length  and  can  be  elongated  as  needed  without  cutting  muscle-fibers. 
The  two  layers  of  the  aponeurosis  of  the  rectus  muscle  should  be  divided 
and  clasped  together  in  a  hemostat  at  each  angle,  that  they  may  be  readily 
recognized  for  suture  during  closure.  The  fibers  are  then  split  or  all  dis- 
placed inward  with  the  handle  of  the  scalpel,  ever  noting  the  proximity  of 
the  deep  epigastric  artery.  The  peritoneum  should  then  be  elevated  with 
two  tissue  forceps,  one  in  the  hands  of  the  assistant  and  the  other  in  the 
operator's,  dividing  it  with  a  scalpel  on  the  incline  one-half  inch  below 
the  summit  of  the  elevation.  By  this  method  the  intestines  or  omentum 
will  never  be  cut  in  opening  the  peritoneum,  as  the  air  rushes  in  and  in- 
stantly permits  them  to  recede.  If  the  appendix  or  intestines  be  adherent 
to  the  parietal  peritoneum,  elevation  as  described  above  is  impossible. 
To  avoid  losing  it,  grasp  the  edge  of  the  divided  peritoneum  with  hemo- 
stats.  Locate  the  appendix  by  passing  the  finger  of  the  right  hand  into 
the  wound,  the  finger-tip  hugging  the  outer  anterior  wall,  passing  down- 
ward across  the  floor  of  the  fossa  over  the  iliac  vessels,  then  upward  along 
them  until  the  finger  hooks  up  the  meso-ileum.  Draw  the  ileum  into  the 
wound;  it  can  then  be  readily  followed  outward  to  the  caput  coli,  where- 
ever  it  may  be,  and  the  base  of  the  appendix  thus  found.  (The  meso- 
ileum  is  the  one  fixed  structure  in  the  right  iliac  fossa;  it  never  changes, 
regardless  of  the  displacements  of  the  caput  coh,  which  are  many  and 
extreme.)  In  making  this  sweep  of  the  finger,  if  one  encounters  the 
swollen  and  inflamed  appendix  it  may  be  elevated  and  brought  up  and 
the  meso-ileum  disregarded.  This,  however,  is  never  as  satisfactory  as 
locating  the  meso-ileum  and  the  base  of  the  appendix  and  following  and 
freeing  it  to  its  tip.  Much  time  is  lost  by  operators  and  some  hazard 
added  to  the  procedure  when  effort  is  made  to  find  and  pick  up  the  caput 
coli  without  the  above  systematic  procedure.  The  appendix  is  then 
lifted  into  the  wound,  if  possible,  without  rupturing  it,  its  entire  mesentery 
clamped  i  to  }  of  an  inch  from  its  appendical  margin  by  an  8-inch  com- 
pression forceps  (see  Fig.  429) ;  a  catgut  ligature  is  then  passed  through 
the  mesentery  close  to  the  cecum  with  an  aneurism  needle  or  hemostat 
and  tied  into  the  groove  made  by  the  compression  forceps.  The  ligature 
therefore  has  in  it  only  the  vessels  and  peritoneum,  the  fat  having  been 
forced  out.  A  ligature  rarely,  if  ever,  cuts  through  the  mesentery,  and, 
if  this  procedure  be  followed,  cannot  slip  off  when  the  mesentery  is  freed 
from  the  appendix.  Divide  the  mesentery  close  to  the  appendix  and  up 
to  the  caput  coli  with  scissors.    A  puckering  suture  of  Pagenstecher  linen 
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is  now  inserted  around  the  base  of  the  appendix;  an  overstitch  should 
be  made  with  this  at  the  mesenteric  attachment,  which  has  the  double 
purpose  of  ligating  the  small  mesenteric  artery  and  approximating  the 
two  peritoneal  layers  of  the  mesentery,  giving  an  uninterrupted  peritoneal 
surface  around  the  base  of  the  appendix.  The  appendix  is  then  clamped 
i  inch  from  the  caput  coli  (see  Fig.  429)  and  a  catgut  ligature  is  tied  in 
the  groove  made  by  the  clamp.  The  appendix  is  then  amputated  just 
i  inch  distal  to  the  ligature.  The  caput  coli  is  held  by  two  tissue  forceps, 
one  on  the  appendico-mesenteric  side,  the  other  opposite,  the  catgut  liga- 
ture cut,  and  the  stump  inverted  with  a  hemostat  holding  a  needle  the 
blunt  end  of  which  protrudes  J  inch;  the  purse-string  suture  is  then  tied 
firmly  around  the  needle,  at  the  same  time  withdrawing  it.    A  continu- 
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Fio.  429. — Showing  the  Grooves  in  the  Mesentery  and  Appendix  as  Produced  by  thb 
Clamp  and  HBMoaTAT,  with  Ligatures  Inserted,  Preparatory  to  Ligation. 


ous  Lembert  suture  of  linen  then  approximates  the  peritoneum  of  the 
cecum  over  the  stump  and  extends  over  the  cut  surface  of  the  mesentery 
(see  Fig.  430),  making  a  third  line  of  support  against  leakage.  The  ap- 
pendix should  always  be  Ugated  before  embedding  it,  as  fatal  intracecal 
hemorrhage  has  occurred  without  this  precaution  (Hessert) .  Non-absorb- 
able  material  should  be  used  for  the  purse-string  suture,  because,  if  cat- 
gut were  used  and  the  needle  penetrated  the  mucosa,  it  would  at  once  be 
digested  by  the  intestinal  ferments  and  leakage  occur.  This  has  hap- 
pened, and  with  one  of  the  best  of  operators.  The  cecum  is  then  returned 
into  the  abdomen.  If  the  appendix  has  not  ruptured  and  the  mesentery 
is  not  infiltrated,  drainage  is  unnecessary,  regardless  of  the  quantity  of 
seropurulent  (staphylococcus  albus)  fluid  present.     When  the  mesenteric 
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stump  is  infiltrated  and  the  peritoneum  blistered,  a  small  tubular  drain 
is  always  advisable. 

The  peritoneum  b  closed  with  catgut  suture  (No.  2)  and  the  cut  edge 
everted.  In  inserting  the  suture  one  should  always  bear  in  mind  the 
proximity  of  the  deep  epigastric  artery  and  vein.  A  suture  passed  through 
either  of  these  might  lead  to  serious  and  continuous  hemorrhage,  as  oc- 
curred in  one  of  our  cases. 

The  aponeurosis  is  now  united  edge  to  edge  with  a  No.  3  catgut  brier 
stitch.  An  additional  support  may  be  given  to  this  by  figure-of-eight 
silkworm-gut  stitches  placed  f  of  an  inch  apart,  the  lower  loop  including 
the  divided  edge  of  the  aponeurosis,  and  the  upper  all  of  the  superstruc- 


Fio.  430. — Showing  the  Final  Lembcrt  Suture  of  the  Cecal  Wall  and  Appendical  Stump. 


tures  and  skin.  Before  these  stitches  are  tied  the  edges  of  the  skin  may 
be  approximated  either  with  a  subdermal  catgut  or  a  horsehair  or  silk 
continuous  suture.     We  prefer  the  horsehair. 

A  roll  of  gauze  f  of  an  inch  in  diameter  is  now  placed  over  the  edge 
of  the  wound  and  the  silkworm-gut  tied  taut  over  this.  This  makes  a 
complete  apposition  of  all  of  the  cut  surfaces  with  no  dead  spaces  for 
wound  secretion. 

Six  layers  of  gauze  and  one  of  absorbent  cotton  are  placed  over  the 
wound,  held  in  position  by  adhesive  strips  and  a  binder.  The  adhesive 
strips  prevent  displacement  of  the  dressings  beneath  the  binder.  In  cases 
not  drained  the  dressing  is  not  disturbed  for  ten  days.  The  patients  are 
permitted  by  some  operators  to  get  up  on  the  third  to  the  fifth  day,  but 
VOL.  rv' — 50 
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we  consider  it  questionable  practice,  preferring  ten  to  twelve  da3rs  in  the 
recumbent  or  semi-recumbent  position,  as  it  requires  a  definite  period  of 
time  for  organic  union  of  the  divided  aponeurosis,  peritoneum,  and  skin 
to  take  place.  The  aponeurosis  gives  practically  all  of  the  abdominal 
support  and  it  is  the  slowest  to  have  definitive  organic  union.  We  con- 
sider the  post-operative  rest  an  important  factor  in  hastening  conva- 
lescence. 

The  aged,  after  the  operation  for  appendicitis,  as  after  all  other  oper- 
ations, are  transferred  to  the  wheel-chair  or  placed  in  a  semi-sitting  posture 
and  moved  about  at  the  earliest  possible  moment,  as  they  suffer  from 
h)rpostases  which  do  not  occur  in  youth  or  middle  life. 

With  Abscess. — When  abscess  is  present,  the  incision  should  be 
made  on  the  median  side  of  the  highest  point  of  the  abscess,  so  as  to  open 
the  free  peritoneal  and  not  the  pus  cavity.  By  this  means  one  is  able 
to  outline  the  extent  of  the  infection  and  the  condition  of  the  peritoneum 
beyond  the  line  of  suppuration,  e,  g.,  if  the  abscess  has  ruptured  into  the 
free  peritoneum  during  the  preparation  for  the  operation  the  accident 
will  at  once  be  recognized  and  the  necessary  drainage  instituted;  whereas 
if  the  incision  had  been  into  the  abscess,  the  pus  in  the  free  peritoneum 
would  not  be  recognized  and  might  lead  to  a  fatal  termination,  as  was  our 
experience  before  adopting  this  safeguard.  When  the  peritoneum  is 
opened  and  the  abscess  recognized,  the  intestines  should  all  be  walled  off 
with  gauze  packing  so  as  to  entirely  circumscribe  the  field.  The  agglu- 
tinations of  the  abscess  wall  should  then  be  separated  with  the  fingers,  suffi- 
cient pus  removed  to  permit  inspection  of  the  cavity,  and  if  easily  recog- 
nized, or  if  not  more  than  four  days  have  elapsed  since  the  onset  of  the 
disease,  the  appendix  should  be  searched  for  and  removed.  The  anterior 
tenia  coli,  if  followed,  leads  one  to  the  base  of  the  appendix.  After 
five  days  the  adhesions  are  vascular  and  organized  and  when  separated 
leave  absorbing  surfaces,  differing  from  the  early  condition  of  simple 
agglutination  without  vascularization,  but  with  infiltration,  '^lymphatic 
coffer-damming,"  and  local  immunity,  where  there  is  no  absorption  what- 
ever. 

When  the  appendix  is  located  it  may  be  difficult  to  bring  it  into  the 
field  for  ligation  or  suture.  In  these  cases  we  ligate  the  mesentery  and 
divide  it  down  to  the  caput  coli,  clamp  the  stump  of  the  appendix  J  inch 
from  the  cecum,  ligate  it  in  the  groove  produced  by  the  clamp,  and  ampu- 
tate it  distal  to  the  ligature,  omitting  the  invagination. 

In  the  presence  of  infiltration,  Lembert  sutures  are  impracticable, 
if  not  impossible,  and  are,  indeed,  unnecessary,  as  the  simple  ligature  of 
catgut  placed  in  this  way  suffices  for  the  closure  of  the  appendix.  The 
inflammatory  infiltration  hastens  the  union  and  fecal  fistula  rarely  results. 
A  drainage-tube  should  now  be  inserted  to  the  appendical  stump  and 
stitched  to  the  lower  angle  of  the  wound. 

When  the  appendix  is  deeply  embedded,  difficult  to  locate  or  remove, 
or  where  more  than  four  days  have  elapsed,  it  should  be  permitted  to 
remain,  the  abscess  being  simply  drained.  A  great  many  lives  are  sacri- 
ficed by  both  experienced  and  inexperienced  operators  by  making  exces- 
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sively  extensive  operations,  that  they  may  feel  that  they  have  made  a 
*^  one-sitting  complete  operation.^*  This  is  often  complimentary  to  their  cour- 
age but  derogatory  to  their  jvdgmentf  and  hazardous  in  the  extreme  to  their 
patients.  It  is  impossible  to  enunciate  definite  rules  applicable  to  all 
cases.  This  principle,  however,  should  govern,  as  at  all  times;  the 
patient  should  be  conducted  to  a  cure  with  the  least  possible  sumAotal 
of  hazard  to  his  life^  regardless  of  the  number  of  operations  necessary,  or 
his  or  the  surgeon's  personal  convenience,  likes  or  disUkes. 

After  the  appendical  drain  has  been  fixed,  if  pus  has  escaped  into  the 
free  cavity,  an  additional  drain  should  be  placed  in  the  most  dependent 
portion  of  the  pelvis.  The  end  should  be  guided  by  the  fingers  along 
the  floor  of  the  fossa  over  the  iliac  vessels  into  the  pelvis,  thus  resting 
entirely  behind  the  intestine;  it  should  also  be  sutured  to  the  lower  angle 
of  the  wound.  The  tampons  or  packing  should  then  be  removed  and  the 
omentum  or  intestines  permitted  to  rest  closely  around  the  drain.  No 
packing  or  gauze  should  remain  in  the  cavity  after  the  operation  is  com- 
plete unless  there  be  a  gangrenous  zone  of  intestine  where  perforation 
and  leakage  are  expected.  The  peritoneum  or  abscess  cavity  should 
not  be  flushed,  nor  is  the  scrupulously  complete  removal  of  the  pus  essen- 
tial. It  is  essential  that  the  tubes  prevent  tension  of  the  subsequent 
wound  secretion  or  pus  formation.  Pus,  except  the  specifically  virulent 
varieties,  which  are  very  rare  in  the  peritoneum,  is  not  rapidly  nor  seriously 
absorbed,  nor  does  it  produce  necrosis  of  tissue  when  free  from  tension. 
This  applies  to  all  positions  of  the  body,  and  the  peritoneum  is  no  exception. 
The  abdomen  is  closed  as  described  above,  a  safety-pin  is  inserted  in  each 
tube,  an  additional  precaution  against  its  escape  into  or  out  of  the  per- 
itoneal cavity.  A  large  number  of  cases  are  reported  where  the  tubes 
have  slipped  into  the  peritoneal  cavity  and  then  ulcerated  into  the  intes- 
tine or  bladder  or  remained  indefinitely  a  source  of  irritation  and  danger 
to  the  patient.  Some  of  these  have  made  their  appearance  through 
ulcerations  or  secondary  operations  at  inopportune  occasions  for  the 
patient  and  under  very  embarrassing  circumstances  for  the  surgeon. 
A  dressing  is  then  applied,  which  should  be  changed  as  often  as  necessary 
for  cleanhness.  The  cavity  should  never  be  irrigated  or  manipulated 
in  any  way.  The  tubes,  however,  should  be  rotated  once  every  twenty- 
four  hours.  The  Fowler  position  is  adopted  for  forty-eight  hours,  and 
if  the  procedure  was  severe  or  prolonged  or  the  sepsis  great,  proctoclysis 
should  be  practised. 

The  principles  governing  the  technic  of  the  operation  of  erratically 
placed  appendical  abscesses  are  practically  the  same  as  above,  except 
when  the  abscess  is  deep  in  the  pelvis  in  the  female,  when  it  may  be 
drained  through  the  posterior  fornix,  or  when  it  is  perinephritic  on  the 
right  side  it  may  be  drained  through  the  loin.  When  they  are  subphrenic 
they  should  be  drained  through  the  peritoneal  cavity,  beneath  the  costal 
arch,  and  never  through  the  pleura,  except  where  the  pus  is  already 
in  the  free  pleural  cavity. 

In  general  suppurative  peritonitis  due  to  a  perforation  of  the 
appendix  or  to  the  rupture  of  a  circumscribed  appendical  abscess  into 
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the  free  peritoneal  cavity — i.  e.,  a  diffuse  peritonitis  the  sequence  of 
direct  leakage  from  the  intestinal  tract  through  a  hole  in  the  appendix, 
or  through  a  hole  in  the  appendix  and  then  through  a  circumscribed 
abscess  which  has  ruptured  into  the  peritoneum — I  proceed  as  fol- 
lows: Open  the  abdomen  as  in  a  case  of  primary  appendicitis,  locate 
and  amputate  the  appendix  to  prevent  further  leakage.  Insert  a  rubber 
drain  to  the  stump  of  the  appendix  and  another  to  the  base  of  the  vesico- 
rectal or  Douglas  pouch.  AU  manipulation  of  the  intestine  and  sponging 
or  flushing  of  the  peritoneum  for  the  removal  of  pus  should  be  avoided.  The 
abdominal  incision  is  closed,  often  with  pints  of  pus  remaining  in  the 
cavity.  The  operation  should  be  the  shortest  possible  and  rarely  needs 
to  exceed  ten  minutes.  The  patient  is  then  put  in  the  extreme  Fowler 
position  and  proctoclysis  instituted.  A  pint  and  a  half  of  normal 
salt,  with  a  corresponding  quantity  (one  dram  to  the  pint)  of  calcium 
chlorid  added,  should  be  administered  every  two  hours.  Twenty  c.c. 
of  streptolytic  serum  we  believe  has  advantages  in  the  severely  septic 
cases,  and  particularly  in  those  with  a  low  leukocytosis;  it  may  be  re- 
peated twice  each  twenty-four  hours  until  the  symptoms  subside.  The 
opsonic  index  in  colon  bacillus  infections  can  be  elevated  to  five  times 
the  normal  by  the  injections  of  colon  bacillus  vaccines  after  the  plan  of 
D.  J.  Davis,  of  Chicago. 

The  technic  of  the  proctoclysis  is  simple,  but  unless  given  with 
appreciation  of  the  principles  involved  the  solution  will  be  expelled  by 
the  patient.  A  fountain  syringe  or  a  can  with  a  large  rubber  tube 
attached,  terminating  in  a  vaginal  hard-rubber  or  glass  tip  flexed  at  an 
obtuse  angle  2  inches  from  its  tip,  having  numerous  openings,  is  the 
entire  apparatus.  It  should  be  inserted  so  that  the  angle  fits  closely  to  the 
sphincter  and  the  tube  then  bound  firmly  to  the  thigh  with  adhesive 
strips,  so  that  it  may  not  be  expelled.  The  can  is  suspended  from  the 
foot  of  the  bed  so  that  its  base  is  six  inches  above  the  level  of  the  patient's 
buttocks.  Once  the  irrigating  apparatus  is  thus  placed,  it  need  not  be 
disturbed  for  several  days,  unless  to  increase  or  diminish  the  speed  of 
influx.  A  pint  and  a  half  of  solution  is  now  placed  in  the  can  at  a  temper- 
ature of  100°,  and  should  be  kept  at  this  temperature  by  applied  heat 
(hot-water  bags,  thermolytes,  or  an  incasing  can  of  hot  water).  It 
should  require  not  less  than  forty  nor  more  than  sixty  minutes  for  the 
pint  and  a  half  of  solution  to  percolate  into  the  bowel,  being  uniformly 
absorbed  in  this  period  of  time;  but  if  administered  more  rapidly  it  will 
be  expelled.  The  control  of  the  flow  should  never  be  governed  by  knots  in 
the  tube,  forceps  clamped  thereon,  or  small  openings  in  the  tip.  The  larger 
tube  with  many  openings  is  used  to  provide  for  a  sudden  return  of  the 
flow  into  the  can  when  the  patient  strains,  wishes  to  expel  the  fluid  or 
void  gas.  If,  on  the  other  hand,  there  be  constrictions  in  the  tube,  the 
fluid  cannot  return  into  the  can,  but  passes  into  the  bed-linen.  A  larger 
quantity  may  be  given  in  the  severer  cases.  In  a  child  of  eleven  we  have 
administered  thirty  pints  in  twenty-four  hours  without  escape  of  fluid. 

Improvements  (?)  on  this  simple  technic  have  been  disastrous  in  their 
results.    The  proctoclysis  is  usually  continued  for  three  days,  rarely  as 
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long  as  five  or  six.  Cardiac  stimulants  are  rarely  given.  Strj'chnin, 
camphor,  and  caffein  are,  of  these,  the  most  valuable.  We  have  treated 
on  this  plan  forty-seven  consecutive  cases  of  peritonitis,  of  the  direct  per- 
forative t}T)e,  with  two  deaths,  one,  the  sixteenth  case,  of  a  double  pneu- 
monia six  days  after  operation,  long  after  all  of  the  peritoneal  symptoms 
had  subsided;  the  other,  the  forty-fifth  case,  died  on  the  fourth  day  from 
an  intestinal  obstruction  due  to  the  twisting  of  the  ileum  around  the 
omentum ,  which  was  adherent  to  an  old  hernial  opening.  He  was  operated 
for  the  obstruction  the  peritoneum  was  found  normal,  but  he  died  six 
hours  later  from  obstruction  collapse.  The  results  obtained  by  this 
treatment  have  so  surprised  me  that  I  at  first  feared  they  were  accidental. 
These  cases  are  now  uniform  in  result  almost  to  a  mathematic  certainty 
when  the  details  are  carried  out,  which  are  based  upon  our  knowledge  of 
the  physiologic  and  pathologic  conditions  of  septic  absorption,  the  local 
and  constitutional  immunity,  and  elimination  of  toxins.  A  ptomain  or  bac- 
terial intoxication  is  similar  to  an  alkaloidal  poisoning;  if  the  immediate 
and  overwhelming  effect  can  be  overcome,  inhibition  of  absorption  and 
elimination  will  prevent  a  fatal  result.  The  abdominal  drains  should 
be  removed  as  soon  as  the  pus  ceases  to  discharge.  We  have  reopened 
five  cases  for  post-operative  ileus  and  seven  for  secondary  abscesses,  in 
this  series. 

General  Post-operative  Treatment,— About  80  per  cent,  of  the 
cases  need  very  little,  if  any,  special  attention  after  the  completion  of 
the  operation;  the  remaining  20  per  cent,  demand  close  watching,  and 
half  of  these  the  exercise  of  the  greatest  skill  to  conduct  them  to  a  favor- 
able end,  and  it  is  to  this  last  10  per  cent,  that  we  will  turn  our  attention. 
These  are  already  severely  intoxicated,  and  have  excessively  septic 
processes,  perhaps  a  local  or  general  septic  peritonitis.  After  the  pus 
tension  has  been  relieved  by  the  opening  and  drainage  and  the  source 
of  the  infection  (the  appendix)  removed,  the  patient  is  placed  in  bed  in 
the  sitting  (Fowler)  position,  with  a  back-rest.  This  favors  the  settling 
of  the  peritoneal  exudates  into  the  pelvis  to  the  site  of  the  drainage-tube; 
it  is  a  physiologic  fact  that  the  pelvic  peritoneum  absorbs  more  slowly 
than  the  peritoneum  above  the  umbilical  level,  and,  furthermore,  that 
encapsulation  is  favored  by  the  anatomic  structures  in  the  pelvis  and  the 
activity  of  the  omentum,  sigmoid,  and  small  intestines.  Attention  must 
now  be  turned  to  elimination  of  the  products  of  infection.  This  is  ac- 
complished, first,  by  washing  the  blood  by  the  administration  of  large 
quantities  of  fluids,  rarely  by  the  stomach  or  intravenously,  occasionally 
subdermally,  but  most  frequently  per  rectum.  Since  we  have  learned 
that  the  stomach  does  not  absorb  water,  and  that  in  peritoneal  inflamma- 
tions and  sepsis  it  does  not  readily  admit  the  water  into  the  intestine  for 
absorption,  we  have  a  good  physiologic  basis  for  ceasing  to  give  water  by 
the  stomach  and  good  explanation  for  the  regurgitation  of  water  admin- 
istered in  that  way.  We  know  from  extensive  clinical  experience  that 
very  great  quantities  (two  pints  an  hour)  may  be  absorbed  by  the  large 
intestine.  Large  quantities  of  water  admitted  into  the  circulation  restore 
A  fallen  blood-pressure,  favor  osmosis  and  elimination,  dilute  the  toxins, 
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quiet  the  thirst,  lessen  nausea,  increase  peristalsis  and  thus  the  expulsion 
of  gases.  There  is  some  divergence  of  opinion  through  which  of  these 
channels  we  derive  the  greatest  benefits.  The  stubborn  fact  remains, 
however,  that  the  patient's  comfort  is  greater,  his  condition  improves, 
and  he  recovers.  Strychnin  may  have  some  value  as  supplementing 
the  proctoclysis.  If  alcoholics  are  given  at  all,  they  should  be  given  by 
mouth,  as  they  are  rapidly  absorbed  by  the  stomach.  Streptolytic 
serum  is  beneficial  in  those  cases  where  local  resistance  seems  to  be  meager 
and  the  leukocytic  reaction  feeble.  It  is  decidedly  indicated  in  the 
streptococcic  types  of  infection  with  their  exhilarative  nerve  phenomena. 
Calomel  may  be  administered  in  small  and  repeated  doses  until  effectual. 

The  Intermediate  Operation. — ^The  incision  is  the  same  as  that 
for  the  early  operation.  The  appendix  is  located  by  the  meso-ileum 
or  tenia  coli  route  described  under  the  same  heading.  When  found  it  is 
often  very  diflBcult  to  free  it  from  the  intestinal  wall,  the  iliac  vessels, 
the  parietal  peritoneum,  the  gall-bladder  or  the  subphrenic  tissues. 
When  the  mesentery  is  short  and  the  appendix  embedded  in  any  of  these 
structures,  the  best  plan  is  to  divide  the  peritoneal  and  fibrous  coats 
of  the  appendix,  from  base  to  tip,  and  shell  out  the  mucosa.  There  is 
no  hemorrhage  and  ligations  are  unnecessary. 

The  peritoneal  and  fibrous  layers  are  closed  with  a  whip-stitch  of 
catgut,  the  appendix  amputated,  and  the  stump  embedded  as  described 
under  technic  of  early  operation. 

When  the  mesentery  can  be  freed  it  is  ligated,  as  described  in  the 
same  technic. 

Treatment  of  Adhesions. — ^Where  extensive  adhesions  are  present, 
they  must  be  treated  with  great  care,  that  no  unnecessary  abrasions  be 
made.  When  abraded  surfaces  do  exist,  they  should  be  covered  by 
carefully  applying  to  them  the  omentum,  a  neighboring  intestinal  coil, 
or  by  sliding  adjacent  peritoneum  over  it.  The  peritoneum  abhors  and 
will  not  tolerate  abrasions;  which  should  therefore  always  be  covered  by 
the  surgeon  and  not  be  permitted  to  depend  upon  haphazard  repair. 

Post-operative  Complications.— Ileus — intestinal  obstruction 
following  operation  for  appendicitis — may  be  classified  as  adynamic 
or  paralytic  ileus,  so  common  after  severe  abdominal  operation  of  every 
type,  and  mechanic  ileus,  a  less  frequent  type,  but  one  which  leads  to 
a  fatal  termination  too  often  on  account  of  the  diflSculty  of  making  an 
exact  diagnosis  of  its  etiologic  factors. 

Etiology  of  the  Adynamic  Type. — (1)  Muscular  paralysis,  from  trauma 
and  exposure;  (2)  local  traumatic  peritonitis;  (3)  local  or  general  septic 
peritonitis;  (4)  embolism  of  the  mesenteric  vessels;  (5)  pylephlebitis; 
(6)  strangulation  of  pedicles  by  ligatures  (this  was  a  most  common 
cause  of  reflex  paralytic  ileus  during  the  period  of  the  mass  ligature,  which 
is  now  rarely  applied  without  first  producing  a  necrotizing  compression 
before  including  it  in  the  ligature). 

The  adynamic  ileus,  with  its  coprostasis,  is  rarely  associated  with 
nausea  and  vomiting.  The  tympany  is  considerable  and  the  gas  pains 
frequently  recurring.    There  is  marked  borborygmus  and  often  inability 
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to  expel  flatus  or  feces  for  days  after  operation.  The  symptoms  become 
most  urgent  at  the  end  of  the  second  or  beginning  of  the  third  day,  and 
if  they  extend  beyond  that  period  they  become  alarming. 

The  treatment  of  this  condition  consists  of  repeated  carminative 
enemas — preferably  of  alum  water  (J  ounce  dried  alum  to  the  quart 
of  water).  This  stimulates  peristalsis  and  often  gives  prompt  relief. 
If  nausea  or  vomiting  is  present,  repeated  lavage  must  be  practised, 
bearing  in  mind  that  repeated  emesis  of  small  quantities  does  not  indicate 
an  empty  but  an  over-distended  stomach,  analogous  to  incontinence  of 
over-distention  in  the  urinary  bladder. 

Medicinally  the  best  results  in  adynamic  ileus  are  obtained  by  h)rpo- 
dermic  injections  of  physostigmin  (eserin)  salicylate,  repeated  every  two 
hours,  in  ^Vg^ain  doses.  Next  in  efficiency  we  consider  the  h3^podermic 
injection  of  ^V  grain  of  atropin  sulphate,  repeated  every  three  hours 
until  constitutional  effects  are  produced;  this  relieves  the  **gas  pains.'' 
If  these  methods  fail,  there  is  great  probability  that  the  ileus  is  due  to 
other  than  adynamic  conditions,  i,  6.,  that  there  is  a  mechanic  obstruc- 
tion. 

Post-operative  mechanic  ileus  may  have  many  etiologic  factors.  It 
may  be  of  the  obturation  or  strangulation  type.  In  the  former  we  have 
a  mechanic  obstruction  to  the  onward  movement  of  the  intestinal  con- 
tents without  material  interference  with  the  circulation  in  the  intestinal 
wall.  In  the  strangulation  t)rpe  there  is  not  only  a  coprostasis  but  a 
venous  and  arterial  stasis  as  well. 

Etiology  of  Mechanic  Ileus. — (1)  Intestinal  agglutination  in  trans- 
verse plications  or  angulations;  (2)  rotation  or  volvulus,  the  sequence 
of  adhesion  to  inflammatory  zones;  (3)  distortions  and  adhesions  to 
hematomata;  (4)  compressions  and  angulations  from  tampons;  (5) 
volvulus  of  intestine  around  old  omental  or  intestinal  adhesions;  (6) 
incarcerations  or  strangulations  in  pockets  (subperitoneal),  beneath 
adhesive  bands,  in  post-operative  openings  (mesentery,  mesocolon, 
e.  g.f  after  posterior  gastro-enterostomy)  in  old  hernial  tracts;  (7)  intus- 
susception. 

The  symptoms  are  essentially  the  same  as  those  of  mechanic  intes- 
tinal obstruction  under  any  other  circumstances.  It  is  in  practice,  how- 
ever, difficult  to  say  from  the  symptoms  when  a  case  ceases  to  be  a  post- 
operative adynamic  ileus  and  becomes  a  mechanic  condition.  They 
consist  of  pain,  wave-like  and  colicky  in  character,  nausea  and  persis- 
tent vomiting,  increasing  directly  with  the  time  elapsed  since  operation, 
so  that  in  the  later  stages  there  is  a  gulp  every  two  or  three  minutes.  The 
character  of  the  vomitus  is  never  fecal,  but  often  of  very  offensive  odor. 
The  meteorismus  increases  with  time;  the  degree  of  distention  will  depend 
somewhat  upon  the  length  of  the  intestine  above  the  obstruction,  as  all 
of  this  becomes  distended  with  both  fluid  and  gas.  In  the  early  stages 
of  the  obstruction  stormy  peristalsis  is  manifest  every  few  minutes,  but 
this  becomes  less  and  less  as  the  intestine  becomes  fatigued  by  the  re- 
peated efforts  at  propelling  the  intestinal  contents.  Borhorygmus  is  one 
of  the  most  positive  signs  of  a  mechanic  obstruction;  it  is  never  present  in 
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peritonitis  or  paralytic  ileus,  Coprostasis  is  persistent;  at  first  there 
may  be  small  quantities  of  feces  passed  after  the  enemas — material  that 
was  below  the  point  of  obstruction.  This  is  likely  to  mislead;  it  should 
always  be  inspected  by  the  surgeon,  the  nurse's  estimate  is  not  to  be 
taken. 

Gastric  lavage  often  stops  the  vomiting  and  may  give  a  fallacious 
sense  of  security  unless  this  fact  be  carefully  considered.  If  the  treatment 
described  above  for  adynamic  ileus  fails  to  produce  results  within  a  limited 
time,  then  it  should  be  assumed  that  the  obstruction  is  of  mechanic 
origin,  and  the  abdomen  should  be  reopened  and  careful  search  made  for 
the  point  of  obstruction,  meeting  the  indications  on  the  basis  of  general 
principles.  They  should  never  be  permitted  to  go  to  the  stage  of  capillary 
cyanosis;  if  they  are,  they  will  probably  terminate  fatally  promptly  after 
operation.  There  is  no  more  perplexing  problem  in  all  surgery  than  to 
decide  when  to  reopen  the  abdomen  with  the  symptoms  of  post-operative 
ileus.  The  more  experience  one  has,  the  more  fully  one  appreciates  the 
inadequacy  of  the  diagnostic  guides. 

Secondary  adhesions  following  operations  for  appendicitis  are  usually 
very  limited.  They  are  increased,  first,  in  cases  operated  late,  both  by 
the  extent  of  the  operation  and  the  great  degree  of  the  pathologic  changes; 
second,  by  drains  and  tampons;  and,  third,  by  prolonged  suppuration 
after  operation.  One  of  the  most  striking  features  of  abdominal  surgery, 
as  has  been  mentioned  previously,  is  the  degree  to  which  adhesions  and 
agglutinations  around  suppurating  foci  diminish  or  disappear,  either 
with  spontaneous  drainage  through  the  intestine  or  through  an  abdominal 
incision.  Permanent  fixations  (post-operative)  are  the  sequence  of  mal- 
management from  the  secondary  adhesion  standpoint.  All  manipulations, 
lacerations,  severe  handling,  tamponing,  and  drainage  other  than  tubular 
tend  to  the  formation  of  adhesions,  and  must  be  avoided  as  completely 
as  is  consistent  with  the  preservation  of  life.  It  seems  to  us  that  the 
permanent  gauze  drain  or  tampon  should  be  omitted  except  where  gan- 
grenous perforation  is  expected.  In  operations  on  the  subacute  and 
intermediate  cases  all  abraded  and  lacerated  surfaces  should  be  covered 
by  peritoneum;  the  stumps  of  the  appendix  and  mesentery  should  be 
carefully  embedded  beneath  a  fold  of  peritoneum.  There  is  a  tendency 
on  the  part  of  the  peritoneum  of  some  individuals  to  undergo  fibrous 
changes,  similar  to  the  keloid  formations  of  the  skin.  These  cases  should 
not  be  re-operated,  as  each  additional  intervention  provides  a  new  field 
for  their  development.  The  pain  and  discomfort  from  these  adhesions 
are  ver>'  annoying,  and  the  patient  can  often  locate  them  definitely;  hence 
if  operations  are  to  be  undertaken  his  word  as  to  their  location  is  to  be 
given  due  consideration. 

Phlebitis  and  Pylephlebitis. — ^The  most  common  type  of  phlebitis 
is  that  of  the  left  femoral  vein,  next  to  that  the  right  femoral,  occasion- 
ally in  both  simultaneously.  These  rarely  suppurate  and  only  very 
infrequently  give  rise  to  pulmonary  or  other  infarcts.  The  treatment 
consists  in  rest,  elevation  of  the  affected  limb,  and  external  application 
of  heat  or  cold  (preferably  the  former)  for  the  relief  of  the  pain  during 
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the  first  three  or  four  days.  •  Subsequently  the  limb  should  be  wrapped 
in  cotton  and  kept  slightly  elevated.  The  thrombosis  rarely  extends 
to  the  iliac  vessels  and  it  is  only  occasionally  bilateral.  It  subsides 
rapidly  and  the  subsequent  edema  and  swelling  of  the  leg  disappear. 

PylephiebUis  is  much  more  common  than  is  usually  believed,  and 
many  of  the  cases  classed  as  secondary  peritoneal  abscesses,  typhoid 
appendicitis,  etc.,  are  really  infections  of  the  portal  vein. 

The  veins  of  the  caput  coli  and  appendix  are  all  tributaries  of  the 
portal  system  and,  considering  the  frequency  and  degree  of  infection  in 
this  zone,  the  percentage  of  ascending  venous  infectioas  is  comparatively 
small.  The  infection  is  usually  ushered  in  with  chill  and  high  temper- 
ature, some  pain  and  distention  of  the  abdomen,  and  occasionally  nausea 
and  vomiting.  The  temperature  undergoes  wide  variations  in  the  same 
day.  The  recurrence  of  the  chills  and  fever  is  atypical,  that  is,  there  may 
be  two  or  three  chills  in  one  day,  skipping  the  next  two  or  three  daySj  to  become 
again  manifest  on  the  fourth  or  fifths  and  var>'  greatly  in  number  and 
intensity.  The  temperature  curve  resembles  the  cholangitic  angulation 
and  contrasts  greatly  with  the  typhoid  or  ordinary  septic  cur\'^es.  A 
striking  feature  is  the  absence  of  the  coated  tongue,  the  sordes,  etc.,  that 
are  so  common  with  mucous-membrane  infections  in  the  portal  zone, 
but  this  is  true  of  venous  infections  in  all  parts  of  the  body.  Occasion- 
ally there  is  diarrhea;  the  liver  and  spleen  become  enlarged  and  sensitive, 
especially  to  fist  percussion.  Occasionally  there  are  endocarditis  and 
pulmonary  infarcts;  these,  however,  are  late  complications.  The  em- 
aciation is  rapid,  septic  icterus  finally  appears,  and  in  from  ten  days  to 
five  weeks  the  patient  succumbs.  The  post-mortem  shows  innumerable 
suppurating  thrombi  throughout  the  portal  vein,  multiple  abscesses  in 
the  liver  and  spleen,  occasionally  fresh  ulcers  of  the  stomach,  and,  rarely, 
pulmonary  and  renal  infarcts.  These  cases  are  many  times  operated 
for  **  secondary  intraperitoneal  abscesses,''  a  procedure  and  humiliation 
that  can  be  avoided  if  a  careful  analysis  of  the  case  be  made. 

The  treatment  is  ineffectual  and  should  be  directed  to  the  comfort 
and  relief  of  the  patient. 

Hernia  is  not  an  infrequent  sequel  of  the  operation.  It  is  a  rare 
sequence  of  the  intermediate  operation  and  occurs  with  very  little  greater 
frequency  after  the  early  operation,  as  in  both  these  an  accurate  ap- 
position of  the  layers  of  the  abdominal  wall  may  be  made  and  union  is 
primary.  It  is  common  after  operations  in  the  abscess  stage.  A  good 
estimate  of  its  frequency  may  be  drawn  from  Harrington's  statistics. 
In  two  hundred  and  thirty-six  cases  eighty-five  were  completely  closed 
at  the  time  of  the  operation,  and  of  these  3.5  per  cent,  showed  subsequent 
hernia;  eighty-eight  were  sutured  down  to  the  drainage-tube,  or  almost 
completely  closed,  the  great  majority  with  infection  present.  These 
showed  hernia  in  12.5  per  cent.  Sixty-three  were  treated  by  the  '*open 
method";  these  showed  20  per  cent,  of  hernias.  The  two  striking  fea- 
tures of  these  statistics  are,  first,  that  the  primary  complete  closures 
should  give  as  many  as  3.5  per  cent.,  and,  second,  that  those  treated  as 
open  wounds  gave  only  20  per  cent,  of  hernias.    An  aseptic  edge-to-edge 
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apposition  of  similar  histologic  layers  of  the  abdomen  with  healing  per 
primum  should  not  give  3.5  per  cent,  hernias.  If,  however,  fat  and  muscle 
are  permitted  to  interpose  between  the  edges  of  divided  aponeurosis 
or  transversely  divided  muscle-fibers,  secondary  hernia  must  be  expected. 
If  the  rectus  or  transversalis  muscle  be  divided  at  right  angles  to  the  long 
axis  and  sutured  end  to  end,  with  primary  union  there  is  no  danger  of  her- 
nia. If,  on  the  other  hand,  the  sheath  of  the  rectus  be  divided  parallel  to 
the  long  axis  of  its  fibers  and  not  accurately  sutured,  hernia  will  result. 
The  smaller  the  opening  for  and  the  shorter  the  duration  of  drainage,  the 
less  the  likelihood  of  hernia.  It  is  somewhat  surprising,  and  a  matter  not 
explained,  why  in  such  a  large  percentage  of  pus  cases  the  layers  of  the 
abdominal  wall  unite  primarily,  regardless  of  the  fact  that  they  have 
been  bathed  in  virulent  pus  during  the  operation.  The  clinical  fact 
remains,  however,  that  they  do  unite.  We  therefore  should  accurately 
approximate  the  layers  down  to  the  minimal  openings  for  tubal  drainage 
in  all  septic  cases.  Gauze  strips,  either  incased  in  rubber  or  open,  act 
as  drains  for  a  very  short  period  of  time  only.    Their  capillarity  is  quickly 
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Applied  (Semi-diaurammatic). 


destroyed,  they  become  plugs  and  cease  to  be  drains.  The  cigarette 
and  gauze  drain  is  always  inferior  to  the  tubal  drain.  It  is  our  belief 
that  the  ''open  treatment^'  can  and  should  be  abandoned,  except  in 
cases  of  threatened  intestinal  perforation  by  gangrene,  or  where  the 
intestinal  wall  is  injured  during  operation,  and  finally  where  the  appen- 
dical  opening  is  not  accurately  closed. 

Methods  of  repair  in  post-operative  cases  may  be  divided  into  two 
classes:  first,  repair  of  the  wall  after  complete  healing;  and,  second, 
during  wound  healing.  In  the  first  instance  we  treat  all  by  the  imbrica- 
tion or  overlapping-flap  method,  as  used  by  Andrews  in  inguinal  and 
by  Mayo  in  umbilical  hernias,  and  never  by  edge-to-€dge  approximation 
of  the  fibrous  ring.  The  imbrication  may  be  transverse  or  longitudinal; 
we  prefer  the  latter,  and  use  the  outer  as  the  underlying  flap.  The  clos- 
ure may  be  made  with  chromicized  catgut,  kangaroo  tendon,  or  insoluble 
material — silk,  wire,  linen,  etc.  We  prefer  the  continuous  kangaroo 
tendon,  of  the  absorbable,  and  the  figure-of-eight  silkworm-gut  through 
to  the  skin,  of  the  non-absorbable,  in  that  there  is  no  permanently  buried 
suture  material  in  the  latter.    There  are  two  rows  of  sutures,  and  me- 
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chanic  support  may  be  maintained  for  ten  to  fifteen  days,  until  such 
time  as  pressure  absorption  of  the  tissues  within  the  knot  occurs.  The 
silkworm-gut  is  supported  on  the  skin  by  a  small  roll  of  gauze.  (See  Fig. 
431.)  The  results  of  the  imbrication  method  with  an  aseptic  course  are 
uniformly  good  and  lasting. 

The  operation  should  be  performed  at  the  earliest  opportunity  after 
the  hernia  manifests  itself,  as  hernias  show  a  tendency  to  increase  in  size 
with  time,  and  adhesions  of  the  viscera  to  the  sac  become  more  and 
more  frequent  with  repeated  incarcerations. 

Operations  during  wound  healing  (intermediate  operations),  in  the 
presence  of  ichorous  discharge  and  granulations,  are  classified  as  siUure 
and  prosthetic  procedures.  The  suture  may  embrace  edge-to-edge  union 
of  freshened  granulation  surfaces,  the  overlapping  or  imbrication  fixation 
of  the  walls,  or  the  tier  {''  treppen-nahV')  edge-to-edge  approximation  of 
the  layers.  Any  one  of  these  plans  gives  a  fair  percentage  of  permanent 
cures,  but  enough  of  grievous  disappointments  to  discourage  the  proce- 
dure. The  prosthetic  plans  of  repeated  rows  or  scrolls  of  silver  wire  or 
filigree  supports  of  Phelps  and  Bartlett,  mattress  sutures,  plain  or  woven, 
of  absorbable  or  non-absorbable  material,  give  good  results  in  selected 
cases.  Silver  wire  or  filigree  is  the  best  non-absorbable  material,  as  it  may 
become  thoroughly  incased  in  the  tissue  even  in  the  presence  of  sepsis. 

Post-operative  Fistulas. — Where  these  persist  beyond  the  usual 
time  for  repair  of  the  wound,  and  where  the  quantity  of  discharge  is 
great,  as  in  cases  of  gangrene  of  the  small  intestine,  early  operation  is 
demanded.  At  the  end  of  six  or  eight  weeks  the  inflammatory  peritoneal 
adhesions  will  have  disappeared  except  those  produced  by  a  deep  des- 
truction, which  are  destined  to  be  permanent;  the  case  is  then  in  unfavor- 
able condition  for  operation.  The  free  peritoneum  should  be  opened  by 
an  incision  to  the  median  side  of  the  fistula.  The  adherent  zone  of  the 
intestine  is  freed  from  the  abdominal  wall,  except  at  the  site  of  the  fistula, 
so  that  the  latter  may  be  entirely  encircled  by  the  surgeon's  fingers.  The 
fistulous  tract  is  then  dissected  free  to  and  including  the  intestinal  open- 
ing, lifted  out  of  the  abdomen,  and  the  intestinal  edges  freshened  and 
closed  with  a  Czerny-Lembert  Pagenstecher  linen  suture  and  dropped 
into  the  peritoneal  cavity.  If  the  intestinal  edges  are  infiltrated,  the 
line  of  union  may  be  supported  by  a  flap  of  omentum  (Senn)  or  the  prox- 
imal portion  of  the  intestine  turned  U-shaped  and  sewed  over  the  line 
of  union  by  catgut  suture  (Murphy).  This  makes  a  very  efficient  splint 
and  insures  a  rapid  agglutination  and  speedy  organic  union.  Suture  of 
intestinal  fistulas  should  never  be  attempted  without  freeing  the  attachment 
to  the  abdominal  wail.  The  great  majority  of  appendical  fistulas  close 
without  surgical  intervention  in  ten  or  twelve  days.  Sinuses  are  often 
slow  in  healing.  The  process  can  be  hastened  greatly  by  Bier  cupping 
or  x-ray  treatment.  The  ordinary  breast-pump,  applied  from  one  to 
two  hours  a  day,  is  an  excellent  substitute  for  the  Bier  instrument. 

In  all  slowly  healing  and  indolent  granulating  cavities  of  the  abdom- 
inal wall  following  operation  the  Bier  treatment  should  be  instituted.  Its 
most  striking  effect,  however,  is  obtained  in  tuberculous  sinuses  or  fistulas. 
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CHAPTER  LXIV. 
SURGERY  OF  THE  EAR^ 
By  Edward  Bradford  Dexch,  M.D., 

NEW    YORK    CITY. 

Anatomy  of  the  Ear, — From  an  anatomic  point  of  view,  the  organ 
of  hearing  may  be  divided  into  two  portions:  a  conducting  mechanism, 
which  includes  the  auricle,  external  auditory  meatus,  and  middle  ear, 
together  with  the  mastoid  cells  and  Eustachian  tube;  and  a  perceptive 
apparatus,  which  includes  the  bony  and  membranous  labyrinth,  the  trunk 
of  the  auditory  nerve  and  basal  nuclei,  the  fibers  joining  these  nuclei 
with  each  other,  as  well  as  the  association  fibers  which  join  the  various 
nuclei  with  the  cortical  perceptive  areas. 

It  will  be  possible  to  consider  but  briefly  the  various  anatomic  points 
of  interest.  In  the  anatomy  of  the  con- 
ducting mechanism  we  should  remember 
that  the  external  ear,  or  auricle,  simply 
conserves  the  purpose  of  gathering  sound 
waves  and  of  reflecting  them  into  the 
external  auditory  canal,  whence  they  are 
conducted  to  the  membrana  tympani  and 
the  labyrinth  through  the  ossicular  chain, 
to  the  perceptive  mechanism.  In  con- 
sidering this  conducting  apparatus  we 
should  remember  that  the  external  audi- 
tory canal  in  the  adult  consists  of  two  por- 
tions: a  fibrocartilaginous  portion,  which 
measures  an  inch  in  length ;  and  a  bony 
portion,  which  measures  half  an  inch  in 
length.  This  is  very  well  shown  in  Fig. 
432.  In  addition,  we  should  remember 
that  the  external  auditory  meatus  is  en- 

,.     1        /»i  ^M      •  •  .         .  •  Fio.     432. — Saoittal    Section 

tirely  nbrocartilagmous  m   structure   m     throu<;h      extkrnal     auditory 

:~r       ^  rri\^  1  A        J  X         •   i.        Meati's.    Membrana   Tympani,    and 

infancy.  Ine  bony  meatus  does  not  exist  middle  Ear  of  an  Adult  (Dench). 
at  birth,  and  is  formed  during  develop- 
ment by  the  outward  growth  of  the  auditory  process.  The  accompany- 
ing illustration  of  the  temporal  bone  and  membrana  tympani  of  the  new- 
bom  infant  will  perhaps  give  a  clear  idea  of  the  condition  present  at 
birth.  (See  Fig.  433.)  In  early  infancy  the  superior  and  inferior  walls 
of  the  external  auditory  canal  are  in  contact,  and  a  view  of  the  drum 
membrane  can  be  obtained  only  by  separating  the  walls.  The  superior 
wall  of  the  canal,  being  firmly  attached  to  the  external  surface  of  the 
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temporal  bone,  is  immovable,  while  the  inferior  wall  is  easily  separated 
from  the  superior  wall  by  traction  upon  the  auricle,  pulling  the  auricle 
downward,  backward,  and  outward. 

In  examining  the  ear  of  a  young  child  we  should  therefore  remember 
that  in  order  to  obtain  a  view  of  the  membrana  tympani,  which  forms  the 
fundus  of  the  canal,  the  auricle  must  be  pulled  downward,  backward, 
and  outward.  In  the  adult,  as  before  stated,  the  inner  half  inch  of  the 
external  audi  tor}'  meatus  is  bony.  In  adult  life  the  bony  portion  of  the 
canal  joins  the  outer  cartilaginous  portion  at  an  obtuse  angle,  both  from 
above  downward  and  from  behind  forward.  Consequently,  in  order  to 
view  the  fundus  of  the  canal  in  an  adult,  the  axes  of  the  bony  and  cartil- 
aginous canals  must  be  brought  into  the  same  straight  line.  As  the  outer 
portion  of  the  canal  alone  is  composed  of  soft  tissues,  this  result  can  be 
obtained  only  by  raising  and  at  the  same  time  pulling  backward  the  outer 
portion  of  the  canal.  This  is  accomplished  by  outward,  upward,  and 
backward  traction  on  the  auricle.     The  lengths  of  the  fibrous  and  bony 

canals,  respectively,  are  of  importance 
mainly  in  the  extraction  of  foreign  bodies 
through  an  incision.  If  an  incision  is 
made  behind  the  auricle,  by  dissecting 
out  the  fibrous  canal  we  are  able  to 
approach  more  nearly  to  a  foreign  body 
impacted  in  the  fundus  of  the  meatus. 

In  the  anatomic  consideration  of  the 

middle  ear,  we  should  remember  that  its 

outer  wall  is  formed  by  the  membrana 

tympani,   this   membrane  also  forming 

the    fundus  of    the    external    auditory 

meatus.     The  membrana  tympani  is  di- 

FiQ.  433.-TEMPORAL  Bone  of  Infant     vided  into  two  portious:  a  lower  portion, 

AT  Birth.  q^  membrana  tensa,  representing  that 

portion  of  the  drum  membrane  attached 

to  the  groove  in  the  auditory  process.     The  upper  portion  of  the  drum 

membrane,  or  membrana  flaccida  or  Shrapnell's  membrane,  fills  in  the 

space  between  the  anterior  and  posterior  spines  of  the  auditory  process 

or  tympanic  ring.     Its  upper  attachment  is  really  the  squamous  plate  of 

the  temporal  bone,  just  behind  the  posterior  root  of  the  zygoma,  and  it 

is  really  a  portion  of  the  periosteum  of  this  part  of  the  temporal  bone. 

This  division  of  the  drum  membrane  into  two  portions,  an  upper 

portion  or  flaccid  membrane,  or  membrana  flaccida,  and  a  lower  portion 

or  tense  membrane,  or  membrana  tensa,  is  of  the  utmost  importance 

clinically. 

Within  the  tympanic  cavity  is  the  ossicular  chain,  composed  of  the 
malleus,  incus,  and  stapes.  The  malleus  is  attached  by  its  manubrium 
to  the  drum  membrane,  and  the  manubrium  mallei  passes  downward 
and  backward  through  the  membrane  to  a  point  just  below  the  center  of 
the  membrana  tensa.  The  upper  extremity  of  the  manubrium  mallei 
is  marked  by  a  prominence,  known  as  the  short  process  of  the  nudleus, 


ANATOMY  OF  THE   EAR.  799 

and  a  horizontal  line  drawn  through  this  short  process  marks  the  separ- 
ation between  the  membrana  tensa  below  and  the  membrana  flaccida 
above.  The  short  process  presents  as  a  prominent  bony  point,  pushing 
the  drum  membrane  outward  at  a  point  about  1  or  2  mm.  below  the 
superior  wall  of  the  external  auditory  canal.  As  the  ligaments  which 
hold  the  malleus  in  position,  and  about  which  it  rotates,  all  pass  through 
the  short  process,  the  position  of  this  process  is  fixed  and  immovable, 
no  matter  what  changes  may  take  place  within  the  tympanic  cavity. 
Its  importance  as  a  landmark,  therefore,  cannot  be  overestimated.  The 
entire  manubrium  mallei  thus  lies  below  the  short  process.  The  neck 
of  the  malleus  lies  opposite  the  membrana  flaccida,  while  the  head  of  the 
malleus  and  the  body  of  the  incus  are  completely  inclosed  in  a  space 
above  the  superior  canal  wall,  and  are  entirely  surrounded  by  bony 
walls.  This  cavity  is  known  as  the  tympanic  vavUj  and  is  sometimes 
called  the  tympanic  attic.  From  the  bodies  of  the  ossicula,  supporting 
the  ossicles,  ligaments  pass  to  the  adjacent  tympanic  walls,  and  in  ad- 
dition to  these  ligaments  there  are  also  certain  folds  and  reduplications 
of  mucous  membrane  which  pass  from  the  bodies  of  the  ossicula  to  the 
adjacent  tympanic  walls.  These  reduplications  follow  generally  the 
course  of  the  several  ligamentous  structures,  although  their  position  is 
extremely  varied.  From  a  clinical  point  of  view,  the  importance  of  this 
arrangement  lies  in  the  fact  that  while  the  lower  portion  of  the  middle 
ear  consists  of  a  cavity  with  an  inner,  posterior,  inferior,  and  anterior 
bony  wall  and  an  outer  fibrous  wall  (the  drum  membrane),  the  upper 
portion  of  the  tympanic  cavity  is  bounded  on  every  side  by  bone,  except 
at  its  lower  and  external  portion,  which  wall  is  formed  by  the  membrana 
flaccida,  or  ShrapnelFs  membrane.  The  vault  of  the  tympanum  or  the 
upper  portion  of  the  tympanic  cavity  is  in  relation  above  and  in  front  with 
the  middle  cranial  fossa;  behind  it  is  in  relation  with  a  series  of  pneumatic 
spaces,  known  as  the  *'  mastoid  cells,"  with  which  it  is  intimately  associ- 
ated, and  its  connection  with  which  should  never  be  forgotten  by  the 
surgeon,  because  any  inflammation,  however  slight,  of  this  portion  of  the 
tympanic  cavity  probably  involves,  to  a  greater  or  less  extent,  the  mas- 
toid cells.  The  thickness  of  the  superior  wall  of  the  tympanum  varies 
greatly  with  the  age  of  the  patient,  and  in  different  subjects  of  the  same 
age.  In  infancy  this  roof  is  invariably  thin  and  almost  parchment-like. 
In  most  adults  it  is  thicker,  but  in  some  it  may  not  attain  a  much  greater 
thickness  than  is  normal  to  infants.  In  certain  subjects  prolongations 
of  the  dura  mater  extend  into  the  tympanic  cavity. 

As  the  upper  part  of  the  cavity  is  of  more  importance  to  the  general 
surgeon  than  is  the  lower  part,  more  space  will  be  devoted  to  the  anatomy 
of  the  upper  portion  than  was  used  in  describing  the  lower  portion. 

The  mastoid  cells  consist  of  numerous  pneumatic  spaces  which  com- 
municate directly  ^ith  the  tympanic  vault.  Only  one  of  the  pneumatic 
spaces  is  invariably  present.  This  constant  space  is  of  considerable 
size  and  is  known  as  the  mastoid  antrum.  The  mastoid  antrum  should 
really  be  considered  a  part  of  the  middle  ear,  as  it  is,  in  fact,  a  prolonga- 
tion backward  and  upward  of  the  tympanic  vault.    The  distribution 
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of  the  other  pneumatic  spaces  in  the  mastoid  may  vary  considerably^ 
from  those  extreme  cases  of  sclerosis  where  the  only  pneumatic  space  is 
the  mastoid  antrum,  to  cases  in  which  the  entire  mastoid  process  is  com- 
posed of  pneumatic  spaces,  extending  from  the  zygomatic  arch  in  front 
to  the  mastoid  tip  below,  and,  posteriorly,  beyond  the  mastoid  into  the 
occipital  bone  itself.  CUnically,  the  pneumatic  spaces  which  interest 
us  most  are:  first,  the  antrum;  second,  the  cells  at  the  mastoid  tip,  which, 
in  the  average  pneumatic  mastoid  are  very  well  developed;  and,  thirds 
those  pneumatic  spaces  which  develop  in  the  root  of  the  zygoma,  and 
may  extend  a  considerable  distance  into  this  structure,  and  also  cells 
which  may  develop  beneath  the  zygoma  in  the  squamous  portion  of  the 
temporal  bone  itself.     (See  Fig.  434.) 

It  can  readily  be  seen,  therefore,  how  any  inflammation  involving 
the  middle  ear,  and  particularly  involving  the  tympanic  vault,  may  ex- 
tend rapidly  to  the  pneumatic  structures  of  the  mastoid,  giving  rise  ta 

symptoms  of 
an  inflammatory 
nature,  involv- 
ing a  greater  or 
less  anatomic 
area,  depending 
entirely  upon  the 
extent  to  which 
the  pneumatic 
spaces  are  devel- 
oped in  the  in- 
dividual case. 
Above,  the  pneu- 
matic spaces  of 
the  mastoid  are 
in  relation  with 
the  middle  cra- 
nial fossa,  of 
which  they  form  the  floor.  Posteriorly,  these  pneumatic  spaces  are  in 
relation  to  the  lateral  sinus  and  the  anterior  surface  of  the  cerebellum. 
Below,  they  are  in  relation  to  the  digastric  fossa,  and,  deeper,  to  the 
anterior  surface  of  the  cerebellum  and  supero-posterior  portion  of  the 
jugular  bulb. 

A  word  should  be  said  in  regard  to  the  narrow  passage  which  joins 
the  mastoid  antrum  to  the  tympanic  vault.  This  is  known  as  the  adiius 
ad  antrum,  and  varies  considerably  in  size  in  different  subjects.  From 
a  surgical  point  of  view,  it  is  important  from  the  fact  that  its  posterior 
boundary  is  the  horizontal  semicircular  canal,  and  its  postero-inferior 
boundarv'  the  aqueductus  Fallopii,  which  lodges  the  facial  ner\^e. 

It  can  easily  be  seen  from  these  anatomic  relations  how  readily  an 
inflammation  involving  the  middle  ear  can  spread  either  to  the  contents 
of  the  middle  cranial  fossa,  on  the  one  hand,  or  to  the  lateral  sinus  or  the 
cerebellum,  on  the  other. 


Fig.  434. — Pneumatic  Mastoid.    Cells  at  Tip,  at  Root  of  Zygoma, 
AND  Beneath  Zygoma  are  Shown.     (Author's  specimen.) 
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In  the  lower  portion  of  the  tympanic  cavity  we  have  simply  to  note 
that  in  its  upper  posterior  portion  it  lodges  the  long  process  of  the  incus, 
the  incudo-stapedial  joint,  and  the  stapes,  which  is  lodged  in  the  oval 
window.  Below  this  is  the  niche  of  the  round  window.  Externally  is 
the  promontory  which  is  formed  by  the  first  turn  of  the  cochlea.  Run- 
ning horizontally  across  the  cavity,  above  the  stapes,  is  a  prominence,  the 
aqueductus  FaUopii,  which  lodges  the  facial  nerve.  The  position  of  this 
structure  must  always  be  remembered  in  major  operations  upon  the 
tympanic  cavity.  Upon  the  anterior  wall  of  the  cavity  are  the  openings 
of  two  tubes.  The  upper  tube  lodges  the  tensor  tympani  muscle.  Im- 
mediately below  this  and  separated  from  it  by  the  processus  cochleari- 
formis  is  the  Eustachian  tube,  which  communicates  directly  with  the 
vault  of  the  phar\'nx.  The  inferior  wall  of  the  middle  ear  is  bony,  and 
forms  the  roof  of  the  jugular  bulb. 

Means  and  Methods  of  Examination.— In  order  to  thoroughly 
examine  the  ear,  a  good  source  of  light  is  necessar}^  The  Ught  must  be 
concentrated  upon  the  parts,  either 
by  means  of  the  concave  reflecting 
mirror,  w^om  upon  the  forehead,  or 
by  means  of  a  focusing  forehead 
lamp.  (See  Fig.  435.)  If  the  re- 
flecting mirror  is  used,  the  source  of 
illumination  may  be  either  daylight 
or,  preferably,  some  of  the  artificial 
sources  of  illumination.  The  light 
from  the  ordinary  candle,  if  no  other 
source  of  illumination  can  be  found, 
is  sufficient,  although  gas-light  or 
electric  light  is  much  better. 

In  examining  the  ear  it  is  wise 
to  make  a  careful  inspection  of  the     yiq. 
auricle  and  of  the  meatus  under  full 
illumination,  prior  to  the  insertion 

of  any  instrument  into  the  canal.  In  this  way  the  surgeon  will  recognize 
pathologic  conditions  at  the  entrance  of  the  meatus  which  might  other- 
wise entirely  escape  observation.  Palpation  about  the  ear  also  affords 
much  information.  It  should  be  remembered  that  in  infants  tenderness 
on  pressure  in  front  of  the  tragus  is  usually  indicative  of  an  inflammation 
of  the  middle  ear,  owing  to  the  fact  that  the  inferior  wall  of  the  external 
auditory  canal  in  young  infants  lies  in  immediate  contact  with  the  drum 
membrane.  In  the  adult  the  bony  canal  is  present,  and  tenderness  on 
pressure  in  front  of  the  tragus  is  invariably  indicative  of  an  inflammatory' 
condition  of  the  external  auditory  canal  rather  than  of  the  middle  ear. 
The  same  may  be  said  of  pain  on  manipulating  the  auricle. 

In  order  to  thoroughly  examine  the  external  meatus,  it  is  necessar\' 
to  employ  an  aural  speculum.  (See  Fig.  436.)  It  should  be  remembered 
that  this  instrument  is  not  for  the  purpose  of  dilating  the  meatus;  conse- 
quently it  should  not  be  crowded  into  the  canal,  but  the  size  of  the  instru- 
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Fio.    436.— Gbuber's    Aural    Specu- 
lum. 


ment  should  be  just  sufficient  to  simply  separate  the  meatal  walls.  In 
order  to  obtain  a  view  of  the  fundus  of  the  canal,  that  is,  of  the  drum 
membrane,  it  will  be  necessar>^  in  the  case  of  an  infant,  to  draw  the  auricle 
downward,  backward,  and  outward,  so  as  to  separate  the  lower  wall  of 
the  meatus  from  the  upper  wall.    (See  Fig.  437.)     In  the  adult,  owing  to 

the  fact  that  the  inner  portion  of  the 
external  auditory  canal  is  bony,  and  the 
outer  portion  fibrocartilaginous,  and  that 
these  two  tubes  are  joined  to  each  other 
at  an  angle,  it  will  be  necessary,  after 
introducing  the  speculum,  to  bring  these 
two  bony  tubes  into  the  same  straight 
line,  and  this  is  done  by  drawing  the 
auricle  upward,  backward,  and  outward. 
The  examination  is  best  conducted  if  the  speculum  is  grasped  between 
the  thumb  and  index-finger  of  the  left  hand  and  inserted  into  the  canal, 
while  the  second  and  third  fingers  grasp  the  auricle,  exerting  traction  in 
the  direction  desired.  Then,  by  tilting  the  speculum  between  the  thumb 
and  index-finger,  the  entire  surface  of  the  walls  of  the  meatus  may  be 
examined  and  the  drum  membrane  may  be  inspected. 

In  inspecting  the  canal,  its  caliber  and  color  should  be  noted.  The 
caUber  of  the  meatus  varies  consid- 
erably in  conditions  of  health,  but 
any  unusual  narrowing  of  the  canal 
should  be  regarded  as  pathologic. 
If  the  narrowing  is  present  close  to 
the  meatus,  it  is  indicative  of  an 
inflammation  of  the  canal,  while  if 
it  occurs  close  to  the  drum  mem- 
brane, it  is  always  indicative  of  seri- 
ous middle-ear  inflammation,  with 
beginning  involvement  of  the  mas- 
toid cells.  Under  normal  condi- 
tions, the  color  of  the  canal  is  the 
same  as  that  of  the  auricle.  Any 
injection,  therefore,  of  the  canal 
should  be  regarded  as  a  sign  of 
disease. 

After  inspecting  the  meatus,  in 
the  manner  described,  the  drum 
membrane  should  be  next  examined. 
The  drum  membrane  is  placed  at 
an  obtuse  angle  with  the  upper  and 
posterior  walls  of  the  external  auditory  meatus,  the  membrane  being 
inclined  downward,  forward,  and  inward.  It  is  important  to  first  locate 
the  short  process  of  the  malleus,  which  appears  as  a  bony  prominence, 
pushing  the  drum  membrane  outward,  as  it  were,  into  the  canal,  at  a 
point  about  a  millimeter  from  the  superior  wall  of  the  external  auditory 


Fio.    437. — Drawing    from    Specimen    at- 
Birth  (Dench). 
Traction     must     be     made     downward 
and   backward    to    expose    the    membrana 
tympani. 
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meatus.  From  the  short  process  the  long  process  of  the  malleus  extends 
downward  and  backward  as  far  as  the  center  of  the  drum  membrane. 
(See  Fig.  438.)  The  point  of  termination  of  the  long  process  is  known 
as  the  uniboy  and  from  this  point  there  is  a  triangular  light  reflex,  ex- 
tending anteriorly  and  slightly  downward.  Under  normal  conditions 
the  drum  membrane  is  slightly  retracted  at  its  center,  and  it  is  this  which 
gives  rise  to  the  light  reflex. 

Four  characteristics  of  the  drum  membrane  should  be  observed: 
First,  its  integrity;  second,  its  position;  third,  its  color;  and  fourth, 
its  luster.  By  the  integrity  of  the  drum  membrane  I  mean  whether  the 
membrane  is  intact  or  whether  there  is  some  solution  of  continuity.  If 
the  membrane  is  intact,  the  observer  on  examination  will  be  able  to  follow 
the  posterior  wall  of  the  canal  across  the  fundus  to  the  anterior  wall  with- 
out observing  any  break.  He  will  also  be  able  to  follow  the  superior 
wall  across  the  fundus  to  the  inferior  wall  without  observing  any  solution 
of  continuity.  If  a  perforation  exists  in  the  drum  membrane,  the  observer 
will  be  able  to  recognize  it  by  an  increased  depth  of  the  fundus  at  this 
particular  point.  In  position,  the  drum  membrane 
may  be  either  normal,  retracted,  or  bulging.  The 
retracted  membrane  does  not  interest  the  surgeon, 
and  consequently  will  not  be  considered  here.  The 
bulging  drum  membrane  is  usually  indicative  of  fluid 
in  the  tympanic  cavity.  The  bulging  or  protrusion 
into  the  canal  generally  occurs  in  the  posterior  por- 
tion of  the  drum  membrane.  This  bulging  mav  be 
uniformly  in  the  posterior  portion  or  may  simply  in-  *mal  Membrana 
volve  the  upper  posterior  portion.     Where  the  bulg-  ^r^'DiifSAM- 

ing  is  uniform,  it  is  indicative  of  inflammation  in  the.  matic)  (Dench). 

lower  part  of  the  tympanic  cavity,  that  is,  in  the 
atrium.    Where  this  bulging  is  confined  to  the  upper  posterior  portion 
of  the  membrane,  it  is  indicative  of  an  inflammation  in  the  tympanic 
vault,  and  should  always  be  regarded  as  a  serious  condition. 

The  color  of  the  drum  membrane,  under  normal  conditions,  is  pearly- 
white.  A  slight  congestion  of  the  drum  membrane  may  take  place  as  the 
result  of  manipulation  of  the  auricle  or  of  the  insertion  of  instruments  into 
the  canal.  It  is  characterized  by  redness  along  the  periphery  of  the 
membrane  and  along  the  malleus  handle,  the  remainder  of  the  membrane 
retaining  its  normal  color.  If  the  membrane  is  uniformly  reddened,  this 
condition  is  pathologic,  and  is  always  indicative  of  an  inflammation  within 
the  tympanic  cavity.  It  is  important  to  bear  in  mind  that  when  the 
drum  membrane  is  red,  it  may  be  red  throughout  its  entire  extent,  which 
is  indicative  of  an  inflammation  of  the  lower  portion  of  the  tympanic 
cavity,  or  this  redness  may  be  confined  to  the  upper  posterior  portion 
of  the  membrane;  that  is,  to  that  part  of  the  membrane  lying  above  the 
short  process  of  the  malleus  and  its  immediate  vicinity.  This  is  an  ex- 
ceedingly important  condition  to  recognize,  as  it  is  always  indicative  of  an 
inflammation  of  the  tympanic  vault  and  is  always  accompanied  by  more 
or  less  involvement  of  the  mastoid  cells. 
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Fio.  439. — Microtia. 
Compare   this    illustration  with    Fig.   440, 
which  shows  the  local  condition  as  corrected  by 
operation. 


The  luster  of  the  membrane  is  always  an  important  characteristic. 
Under  normal  conditions  the  membrane  has  a  luster  not  unlike  that  of  the 
peari.    Total  absence  of  luster,  that  is,  a  dead-white  membrane,  especially 

in  young  children,  is  always  indi- 
cative of  an  acute  inflammation. 
Absolute  loss  of  luster  is  due  to 
necrosis  of  the  superficial  epithe- 
lial cells  as  the  result  of  inflam- 
matory process.  Whenever  the 
membrane  has  this  dead  white 
appearance,  the  surface  should  be 
mopped  off  \^^th  a  cotton-tipped 
applicator,  which  will  remove  all 
these  dead  epitheUal  scales  and 
will  reveal  the  surface  of  the 
drum  membrane  bright  red  and 
inflamed  beneath. 

Malformations. — Malforma- 
tions of  the  auricle  are  rather 
uncommon.  They  may  involve 
either  the  entire  auricle  or  simply 
portions  of  the  auricle.  Exten- 
sive malformations  are  usually 
unilateral.  The  most  common  is  the  condition  known  as  microtia, 
where  the  entire  auricle  is  malformed.     (See  Fig.  439.) 

In  this  variety  of  malformation  we  usually  have  the  external  ear 
presenting  as  an  irregular,  im- 
movable mass  of  fibrocartilag- 
inous tissue,  attached  in  the 
situation  of  the  auricle.  There 
may  be  one  or  more  auricular 
appendages.  Usually  there  is 
one  cartilaginous  prominence 
in  front  of  the  malformed 
auricle,  corresponding  to  the 
tragus.  The  external  auditor}^ 
canal  is  usually  wanting  in  all 
of  these  subjects. 

The  surgical  treatment  can 
be  considered  under  two  heads: 
First,  relief  of  the  external  de- 
formity, and,  second,  measures 
for  the  restoration  of  the  exter- 
nal auditory  meatus.  Plastic 
surger}^  can  do  much  for  the 
relief  of  the  external  deformity. 

The  tw^o  figures  appended  show  a  case  of  this  character,  operated  upon 
by  the  author,  the  photographs  being  taken,  respectively,  before  and 


Fio.  440. — Microtia,  after  Operation,  bhowinu 
Result  Obtained  in  Patient  buown  in 
Fig.  439. 
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after  operation.  (See  Figs.  439  and  440.)  In  this  case  the  operative 
treatment  consisted  in  first  dissecting  up  the  tegumentary  covering  from 
the  anterior  surface  of  the  auricle  and  resecting  a  portion  of  the  deformed 
cartilage.  This  allowed  the  auricle  to  be  unfolded.  An  incision  through 
the  helix  was  also  necessary  in  order  to  complete  this  unfolding.  The 
integument  dissected  from  the  anterior  surface  of  the  auricle  was  stitched 
into  position  as  well  as  possible,  but  a  large  raw  surface  still  remained 
on  the  anterior  surface  of  the  auricle.  This  was  covered  with  a  Thiersch 
graft.  An  incision  was  then  made  about  three-quarters  of  an  inch  behind 
the  line  of  auricular  attachment,  and  the  skin  was  dissected  up  from  the 
underlying  tissue,  this  dissection  being  continued  over  the  posterior  sui^ 
face  of  the  auricle.  In  this  way  a  large  cutaneous  flap  was  formed, 
which  approximated  in  size  the  area  of  the  posterior  surface  of  the  nor- 
mal auricle.  This  flap  was  fastened,  at  the  line  of  auricular  attachment, 
with  fine  catgut  sutures.  In  this  way  an  auricle,  somewhat  unshapely, 
but  more  sightly  than  the  previous  deformity,  was  produced.  An  at- 
tempt was  then  made  to  slide  the  integument  forward  to  the  line  of 
posterior  auricular  attachment  by  dissecting  up  the  posterior  flap  from 
the  surface  of  the  skull.  This  effort  was  unsuccessful,  however,  as  the 
stitches  pulled  out,  leaving  a  denuded  area  behind  the  ear.  This  area 
was  subsequently  covered  with  a  Thiersch  graft,  and  the  result  is  shown 
in  the  accompanying  illustration  (Fig.  440). 

In  each  case  the  surgeon  will  be  obliged  to  use  his  own  ingenuity,  the 
chief  points  being  to  first  free  the  integument  from  the  anterior  surface 
of  the  auricle,  and  take  out  so  much  of  the  cartilaginous  framework 
as  is  necessary  to  allow  the  auricle  to  be  folded  into  a  somewhat  normal 
position.  The  anterior  flaps  are  then  stitched  into  the  best  possible 
position,  and  any  denuded  surface  remaining  is  covered  with  a  Thiersch 
graft.  In  order  to  increase  the  breadth  of  the  posterior  surface  of  the 
auricle,  the  plan  spoken  of  in  the  case  already  related  should  be  employed. 

Regarding  the  advisability  of  attempting  to  establish  an  external 
auditory  meatus  in  these  cases,  researches  in  this  direction  show  that 
where  the  external  ear  is  deformed  and  the  meatus  congenitally  occluded, 
there  is  almost  invariably  some  defect  either  in  the  conducting  mechanism 
or  in  the  perceptive  apparatus,  so  that,  even  if  the  surgeon  should  be  able 
to  form  an  external  auditory  meatus,  the  hearing  of  the  patient  would  not 
be  improved.  The  efforts  of  the  surgeon,  therefore,  in  these  cases  of 
deformity,  should  be  limited  to  attempts  to  relieve  the  external  deformity, 
without  efforts  to  form  an  auditor>'  canal.  In  cases  where  a  plastic 
operation  cannot  be  performed,  it  is  better  to  amputate  the  entire  auricle 
and  to  substitute  an  artificial  auricle,  which  can  be  worn  upon  a  spectacle 
frame. 

Cases  of  acquired  atresia  of  the  external  auditory  canal  do  admit  of 
surgical  interference,  and  will  be  discussed  under  the  radical  operation.* 

A  deformity  which  is  of  interest  to  the  general  surgeon,  is  a  condition 
known  as  "prominent  ears."  In  this  condition  either  one  or  both 
auricles  stand  away  from  the  side  of  the  head  so  as  to  cause  considerable 
disfigurement.     In  the  simpler  cases  the  entire  auricle  is  prominent. 
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In  other  instances  the  lower  portion  of  the  auricle  may  be  attached  to  the 
head  at  a  normal  angle,  while  the  upper  portion  curls  over  and  droops 
forward,  so  as  to  present  an  unsightly  deformity. 

The  surgical  correction  of  each  of  these  conditions  is  exceedingly 
simple.  If  the  entire  auricle  is  prominent,  it  is  necessary'  to  make  two 
semilunar  incisions  through  the  integument — one  just  behind  the  line 
of  auricular  attachment,  over  the  siirface  of  the  skull,  and  the  other  just 
in  front  of  the  line  of  auricular  attachment,  over  the  posterior  surface  of 
the  auricle.  These  two  crescentic  incisions  are  joined  at  their  upper  and 
lower  extremities  and  the  integument  included  between  them  is  dissected 
out.  The  skin  is  then  loosened  from  the  posterior  surface  of  the  auricle 
sufficiently  to  allow  these  two  lines  of  incision  to  be  coapted.  This,  of 
course,  draws  the  ear  closely  to  the  side  of  the  head  and  corrects  the  de- 
formity. The  amount  of  integument  requiring  excision  will  depend  upon 
the  degree  of  deformity.  It  is  very  seldom  necessary  to  excise  any 
cartilage  in  this  class  of  cases. 

If  the  deformity  involves  the  upper  part  of  the  auricle  alone,  the  cres- 
centic incisions  should  be  limited  to  the  area  of  deformity.  If  the  de- 
formity is  marked,  it  may  be  necessary  to  remove  a  certain  amount  of 
cartilage  from  the  auricle,  in  order  to  correct  the  deformity.  The  pro- 
cedure in  either  case  is  an  exceedingly  simple  one,  and  is  easily  carried  out. 

The  other  deformities  of  the  auricle,  aside  from  microtia,  do  not  deserve 
more  than  a  passing  notice.  In  certain  cases  supernumerary  appendages 
are  developed  about  the  auricle,  such  as  a  supernumerary  tragus.  Such 
appendages  are  simply  amputated,  a  semilunar  incision  being  made  on 
each  side  of  the  appendage,  the  appendage  being  cut  off  deeply  in  the 
woui^ji.  The  margins  of  the  incision  are  then  brought  together  by 
sutures. 

Another  congenital  malformation  which  perhaps  may  be  mentioned 
is  a  congenital  aural  fistula.  These  fistulas  are  usually  situated  just 
below  the  anterior  extremity  of  the  helix  or  just  above  the  tragus.  The 
fistula  is  usually  very  shallow,  but  occasionally  may  extend  inward  for 
a  considerable  distance,  and  in  some  cases  extends  as  far  as  the  tympanic 
cavity.  These  fistulas  represent  an  incomplete  closure  of  the  first  visceral 
cleft  during  fetal  Ufe.  They  are  of  interest  to  the  surgeon  in  that  occasion- 
ally the  orifice  to  the  fistula  becomes  blocked,  and  a  retention  cyst  may 
result. 

Treatment. — The  cyst  should  be  freely  opened  and  the  wall  of  the 
fistula  dissected  out,  the  wound  being  closed,  with  or  without  drainage, 
as  may  be  necessary.  Complete  dissection  of  the  wall  of  the  fistula  results 
in  a  cure. 

Diseases  and  Injuries  of  the  Auricle. — The  most  common  dis- 
ease of  the  auricle  which  falls  to  the  lot  of  the  general  surgeon  is  peri- 
chondritis. (See  Fig.  441.)  This  is  usually  the  result  of  traumatism, 
but  may  occasionally  occur  from  exposure  to  intense  cold.  The  disease 
is  characterized  by  swelling  of  the  entire  auricle,  this  swelUng  being  most 
marked  upon  the  anterior  surface.  On  palpation  the  parts  are  extremely 
sensitive,  and  fluctuation  is  easily  elicited  over  the  swollen  area.     In  rare 
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instances  the  anterior  surface  of  the  auricle  escapes,  and  the  disease  is 
limited  to  the  tragus  and  antitragus. 

Treatment. — In  the  early  stages  the  application  of  cold  may  do  some 
good.  Usually,  however,  when  the  case  is  presented  to  the  surgeon, 
more  radical  interference  is  necessary.  This  should  consist  in  opening 
the  fluctuating  tumor  freely  by  incision  along  its  periphery.  If  the  tumor 
fills  the  entire  space  in  front  of  the  heUx,  an  incision  should  be  made  about 
the  margin  of  the  tumor  just  within  the  helix.  The  large  flap  should  be 
turned  downward  and  the  contained  fluid  evacuated.  Examination  will 
generally  reveal  some  necrotic  cartilage.  All  necrotic  cartilage  should  be 
dissected  out  and  the  flap  then  stitched  back  in  place,  a  small  drain  of 
sterile  gauze  being  inserted  into  the  cavity  and  brought  out  at  the  most 
dependent  portion  of  the  incision.  The  stitches  should  be  removed  at 
the  end  of  thirty-six  to  forty-^ight 
hours,  and  at  this  time  the  drain 
may  also  be  removed,  provided  the 
cavity  is  perfectly  clean.  Usually, 
however,  the  cavity  will- be  found 
septic,  and  it  will  be  necessary  to 
keep  the  drain  in  position  for  a  con- 
siderable time,  re-inserting  it  at  each 
dressing. 

The  results  of  operative  interfer- 
ence in  perichondritis  are  not  very 
good.  Considerable  deformity  of  the 
auricle  is  apt  to  follow,  but  this  de- 
formity is  much  less  in  the  cases 
operated  upon  early,  and  if  all  dis- 
eased cartilage  is  excised,  than  if  the 
cases  are  subjected  to  any  less  radi- 
cal plan  of  treatment. 

Othematoma. — Othematoma,  or 
a  blood  tumor  of  the  auricle,  was 
formerly  supposed  to  be  of  idiopathic 
origin,  and  to  be  found  almost  en- 
tirely in  individuals  of  impaired  intellect.  At  present  there  is  strong 
reason  to  believe  that  these  cases  are  really  traumatic,  and  should  be 
classed  as  cases  of  perichondritis.  The  treatment  is  exactly  the  same 
as  that  already  outlined  for  perichondritis — free  exploration  of  the  cavity, 
excision  of  any  exposed  cartilage,  suture  and  drainage.  (See  Vol.  II, 
page  795.) 

Benign  Ttmiors  of  the  Auricle. — The  benign  tumors  of  the  auricle 
scarcely  require  any  mention.  They  may  be  either  fibrous,  lipomatous, 
or  atheromatous.  Sebaceous  and  simple  cysts  are  found  in  this  locaUty, 
and  also  various  forms  of  papillomata. 

The  treatment  of  these  conditions  is  excision,  following  the  rules  of 
general  surgical  procedure. 

Exostoses  oif  the  External  Auditory  Meatus. — The  most  common 
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benign  neoplasm  affecting  the  external  auditory  meatus  is  exostosis. 
The  etiology  of  exostoses  is  obscure.  They  are  quite  frequently  found  as  a 
complication  of  chronic  middle-ear  suppuration,  in  which  condition  their 
presence  can  be  explained  as  the  result  of  an  infection  of  the  periosteum 
due  to  a  discharge  from  the  middle  ear.  Frequently,  however,  these 
growths  occur  in  cases  in  which  there  is  no  history  of  middle-ear  sup- 
puration. Some  have  attributed  them  to  a  gouty  diathesis,  while  their 
occurrence  with  great  frequency  among  the  inhabitants  of  tropical  climates, 
especially  among  the  Hawaiians,  has  led  others  to  regard  sea-bathing  as 
a  cause.  From  a  practical  point  of  view,  nothing  is  known  about  their 
etiology.  These  growths  may  appear  in  any  part  of  the  external  auditory 
canal.  Their  usual  site,  however,  is  the  postero-superior  wall  of  the 
meatus.  They  may  vary  in  size  from  the  head  of  an  ordinary  pin  to  a 
growth  which  completely  blocks  the  external  canal  and  completely  hides 
the  drum  membrane  from  view.  The  growths  may  be  either  simple  or 
multiple.  Ordinarily,  they  are  multiple,  that  is,  there  may  be  one  ex- 
ostosis upon  the  posterior  wall  of  the  canal,  and  a  similar  growth  from 
the  superior  wall.    The  anterior  and  inferior  walls  are  seldom  invaded. 

The  growth  may  be  situated  either  at  the  entrance  of  the  bony  meatus 
or  close  to  the  drum  membrane.  In  some  instances  the  growth  extends 
from  the  entrance  of  the  bony  meatus  as  far  as  the  fundus  of  the  canal. 

Treatment, — In  the  case  of  small  growths  no  treatment  is  necessary. 
If  the  growth  encroaches  to  a  considerable  extent  upon  the  lumen  of  the 
meatus,  its  removal  is  necessary,  for  the  reason  that  if  acute  otitis  should 
occur  in  a  case  of  this  kind,  it  would  be  impossible  to  secure  proper  drainage 
by  incision  of  the  drum  membrane.  Moreover,  if  these  growths  are  large 
enough  to  almost  occlude  the  external  auditory  canal,  they  interfere 
somewhat  with  hearing.  Exostoses  are  always  best  removed  through  a 
posterior  incision.  Some  successful  cases  of  removal  through  the 
external  auditory  canal  have  been  reported,  but  this  procedure  is 
hazardous  and  unsurgical. 

Operation. — The  parts  should  be  thoroughly  shaved  and  sterilized 
for  a  distance  of  three  inches  about  the  meatus  in  every  direction.  The 
meatus  should  also  be  sterilized  by  mopping  with  an  alcoholic  solution 
of  bichlorid  of  mercury,  of  a  strength  of  1:3000.  An  incision  is  made  be- 
hind the  ear,  beginning  at  the  tip  of  the  mastoid  and  following  the  line 
of  auricular  attachment  to  a  point  just  above  the  superior  attachment  of 
the  auricle.  This  incision  is  carried  through  the  periosteum,  and  the 
periosteum  elevated  anteriorly,  so  as  to  displace  the  auricle  forward. 
The  fibrocartilaginous  meatus  is  then  detached,  by  means  of  a  narrow 
periosteum  elevator,  from  the  bony  canal,  thus  allowing  a  complete  in- 
spection of  the  bony  meatus  through  the  posterior  opening.  Care  should 
be  taken  to  dissect  off  the  tegumentarj-'  lining  of  the  canal  as  completely  as 
possible,  without  rupture  of  its  lumen,  the  dissection  being  carried  down  as 
near  to  the  drum  membrane  as  possible.  The  anterior  flap,  including  the 
auricle,  is  then  drawn  forward  by  means  of  a  retractor,  or  a  strip  of  gauze 
is  threaded  through  the  external  auditor}-  meatus,  brought  out  through 
the  posterior  opening,  and  the  auricle  is  drawn  forward  in  this  way.     In 
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this  manner  the  bony  growths  are  brought  clearly  into  view.  If  neces- 
sary, the  posterior  wall  of  the  meatus  may  be  spUt  longitudinally.  Under 
bright  illumination,  preferably  by  means  either  of  the  forehead  mirror 
or  the  forehead  headlight,  the  exact  site  of  the  growths  can  be  made  out. 
The  bony  tumors  are  then  removed  by  means  of  a  gouge.  The  growths 
should  be  removed  entire;  that  is,  the  gouge  should  be  carried  through 
the  healthy  bone  just  beneath  the  base  of  the  bony  tumors.  If  an  attempt 
is  made  to  remove  the  tumor  little  by  Uttle,  that  is,  to  chisel  the  mass 
away,  the  result  will  usually  be  unsatisfactory,  as  these  growths  are  ex- 
tremely dense.  If,  however,  the  growth  is  removed  en  masse y  by  chiseling 
through  the  base  of  the  growth,  no  difficulty  will  be  experienced.  Care 
must  be  taken,  in  removing  growths  close  to  the  drum  membrane,  not  to 
injure  the  membrana  tympani,  and  where  there  is  sufficient  space,  it  is 
wise  to  introduce  a  strip  of  gauze  into  the  fundus  of  the  canal,  between  the 
exostosis  and  the  membrana  tympani,  so  as  to  prevent  injury.  After 
the  growth  or  growths  have  been  removed,  the  soft  parts  are  replaced, 
a  strip  of  gauze  is  packed  firmly  into  the  external  auditory  meatus,  to 
hold  the  fibrocartilaginous  meatus  in  position,  and  the  posterior  wound 
is  closed  completely  by  either  interrupted  or  continuous  suture.  The 
results  of  the  operation  are  uniformly  satisfactory,  and  in  my  experience 
these  growths  never  recur  after  removal. 

Malignant  Tumors  of  the  Auricle  and  External  Auditory  Meatus. — 
Either  epitheUoma  or  sarcoma  may  attack  the  auricle  and  external 
auditory  meatus.  EpitheUoma  is  usually  of  slow  growth  in  the  auricle. 
The  sarcomata,  on  the  other  hand,  grow  more  rapidly. 

Treatment. — A  beginning  epithelioma  of  the  auricle  is  best  treated 
by  means  of  either  the  x-ray  or  radium  tube.  If  this  plan  of  treatment 
fails,  complete  excision  of  the  growth  should  be  performed.  In  two  cases 
which  came  under  my  observation  the  excision  of  a  wedge-shaped  piece 
of  the  auricle,  with  the  subsequent  suture  of  the  parts,  gave  a  perfect 
result,  and  no  recurrence  had  followed  at  the  end  of  several  years.  In 
extensive  epithelioma,  involving  not  only  the  auricle,  but  the  external 
auditory  meatus  as  well,  complete  excision  should  be  performed.  In 
the  cases  which  have  come  under  my  observation  lymphatic  involvement 
has  been  very  limited.  In  one  case  the  entire  auricle  was  amputated 
and  the  enlarged  glands,  which  in  this  case  were  located  along  the  posterior 
border  of  the  stemomastoid  muscle,  were  completely  excised.  The 
case  was  followed  for  at  least  four  or  five  years  after  the  operation,  and 
there  was  no  recurrence.  In  cases  of  sarcoma  of  the  auricle  early  oper- 
ation is  advisable.  In  one  case  of  melanotic  sarcoma  involving  the 
anterior  extremity  of  the  helix  and  the  adjacent  tissues  of  the  cheek  com- 
plete excision  gave  relief  for  about  two  years.  The  growth  then  re- 
curred, and  was  excised  again.  After  the  second  operation  there  was  no 
recurrence. 

Deformities,  Diseases,  and  Injuries  of  the  External  Audi" 
tory  Meatus. — Regarding  the  deformities  of  the  external  auditor^' 
meatus,  little  need  be  said  aside  from  what  has  already  been  mentioned 
under  microtia.     The  congenital  absence  of  the  meatus  has  been  noted  as  a 
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concomitant  of  this  deformity..  While  operative  interference  has  been 
undertaken  for  its  relief,  the  results  have  not  been  satisfactory. 

The  acquired  atresias  of  the  meatus,  complete  or  partial,  following 
chronic  suppuration,  will  be  considered  under  the  treatment  of  chronic 
suppurative  otitis  media.  The  radical  operation  here  is  the  proper  pro- 
cedure and  the  prospects  of  improvement  are  exceedingly  good. 

Injuries  of  the  external  auditory  canal  may  result  either  from  direct 
traumatism  to  the  canal  or  from  blows  on  the  head,  causing  a  fracture 
through  the  external  auditory  meatus.  Lesions  of  the  canal  from  direct 
traumatism  result  ordinarily  in  a  diffuse  inflammation  of  the  external 
auditory  meatus.  They  should  be  treated  along  general  surgical  lines: 
irrigation  of  the  canal,  at  frequent  intervals,  by  means  of  warm  antiseptic 
solutions,  preferably  a  solution  of  bichlorid  of  mercury,  of  a  strength  of 
1:6000,  with  deep  free  incision  if  the  infiltration  is  extensive,  will  usually 
be  found  effective.  After  the  parts  have  been  incised  the  application  of 
a  wet  dressing  covering  the  entire  ear  will  probably  be  followed  by  better 
results  than  will  irrigation.  In  appl)ring  a  wet  dressing  a  strip  of  gauze 
moistened  either  in  a  1 :10,000  bichlorid  solution  or  in  normal  saline  solu- 
tion should  be  inserted  into  the  meatus  and  a  wet  dressing  applied  over 
the  entire  ear.    This  dressing  should  be  changed  twice  daily. 

The  diseases  of  the  external  auditory  meatus  which  interest  the  general 
surgeon  are  acute  circimiscribed  and  acute  diffuse  inflammation  and 
neoplasms.  The  neoplasms  have  already  been  considered  under  neoplasms 
of  the  auricle. 

Acute  Circumscribed  Otitis  Externa  or  Furuncle. — This  condition 
is  always  due  to  direct  infection  of  the  parts,  either  through  a  purulent 
discharge  from  the  middle  ear,  or  through  the  introduction  of  some  in- 
fectious organism  into  the  canal  from  without.  The  symptoms  are  first 
a  feeling  of  stuffiness  in  the  ear,  rapidly  followed  by  severe  pain.  This 
pain  is  increased  by  motion  of  the  jaws,  as  in  talking  or  in  the  mastication 
of  food.  Palpation  about  the  auricle  also  elicits  pain.  The  pain  is 
usually  most  severe  on  pressing  the  tragus  inward,  but  may  also  be  elicited 
by  pressing  the  lower  border  of  the  canal  upward,  or  by  taking  hold  of 
the  auricle  and  moving  it  in  various  directions.  There  is  seldom  any 
marked  rise  in  temperature,  although  the  temperature  may  be  slightly 
elevated.  An  examination  of  the  ear  without  the  speculum  shows  a 
narrowing  at  the  entrance  of  the  meatus.  The  introduction  of  the  aural 
speculum  is  difficult  and  causes  excruciating  pain.  If  the  disease  has 
lasted  for  one  or  more  days,  the  introduction  of  even  the  smallest  speculum 
will  be  exceedingly  painful  and  very  difficult.  After  the  speculum  has 
been  introduced,  however,  by  careful  manipulation,  the  deeper  portion 
of  the  canal  will  be  found  entirely  free  from  disease  and  the  drum  mem- 
brane normal  in  color.  This  localization  of  the  swelling  at  the  entrance 
of  the  meatus,  the  fundus  of  the  canal  being  clear,  and  the  tenderness  on 
palpation  about  the  auricle,  makes  the  diagnosis  positive. 

It  is  sometimes  difficult  in  the  early  stages,  owing  to  the  diffuse 
swelling,  to  locate  the  point  of  infection  exactly.  This  is  best  done  by 
palpating  the  margin  of  the  meatus  with  a  cotton-tipped  probe.    As  the 
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probe  makes  pressure  on  the  various  aspects  of  the  meatus,  one  or  more 
points  of  excessive  tenderness  will  be  found.  These  points  mark  the  areas 
of  greatest  infiltration. 

Treatment. — Free  incision  through  the  points  of  greatest  tenderness 
is  the  best  treatment  in  these  cases.  Prior  to  making  these  incisions 
the  parts  should  be  sterilized  as  completely  as  possible  by  mopping  the 
canal  thoroughly  with  an  alcoholic  solution  of  bichlorid  of  mercury  of  a 
strength  of  1:3000.  This  will  sufficiently  disinfect  the  field  of  operation. 
A  deep  incision  should  then  be  made  in  the  long  axis  of  the  canal,  through 
the  points  of  greatest  tenderness,  these  incisions  extending  not  only 
through  the  skin,  but  through  the  subcutaneous  tissue,  and  well  down 
to  the  fibrocartilaginous  framework  of  the  canal.  The  operation  is  ex- 
ceedingly painful,  and  the  incisions  are  best  made  imder  nitrous  oxid 
anesthesia,  the  tender  points  having  been  previously  determined.  After 
the  incision  a  strip  of  sterile  gauze,  moistened  either  in  bichlorid  solution, 
of  a  strength  of  1 :10,000,  or  in  normal  salt  solution,  should  be  inserted  into 
the  canal,  and  a  wet  dressing  applied  over  the  entire  ear.  The  dressing 
should  be  changed  twice  daily.  Where  the  abscesses  are  large,  it  is  well 
to  insert  a  narrow  strip  of  gauze  into  the  opening  made  in  each  abscess, 
in  order  to  secure  perfect  drainage.  At  the  end  of  two  or  three  days  the 
wet  dressing  may  be  abandoned  and  the  external  auditory  canal  irrigated 
every  three  or  four  hours  with  a  warm  solution  of  bichlorid  of  mercury 
of  a  strength  of  1 :10,000.  Irrigations  should  be  practised  until  the  parts 
resume  thdr  normal  appearance.  It  is  well  to  sterilize  the  entire  canal  at 
least  once  daily  by  mopping  it  out  with  an  alcoholic  solution  of  bichlorid 
of  mercury  of  a  strength  of  1 : 3000,  so  as  to  prevent  successive  infections; 
in  other  words,  to  prevent  a  crop  of  furuncles. 

It  should  be  remembered  that  furunculosis  attacks  only  the  tissues 
about  the  entrance  of  the  meatus.  A  furuncle  never  occurs  in  the  bony 
canal,  a  circumscribed  inflammation  in  the  bony  meatus  being  always 
indicative  of  trouble  in  the  mastoid,  as  will  be  mentioned  later.  Severe 
complications  of  this  disease  are  rare.  Occasionally,  however,  if  neglected, 
a  furuncle  may  cause  a  perichondritis  of  the  auricle,  particularly  of  the 
tragus.  The  treatment  of  this  condition  has  already  been  discussed  under 
perichondritis,  and  consists  in  free  excision  of  the  diseased  cartilage. 

Another  and  very  rare  complication  is  direct  extension  to  the  mastoid 
periosteum,  with  subsequent  involvement  of  the  bone.  This  latter  com- 
plication, however,  is  extremely  rare. 

Diffuse  Inflammation  of  the  External  Auditory  Meatus. — Instead 
of  a  circumscribed  inflammatory  process  involving  the  canaJ,  as  in  the  con- 
dition just  described,  all  of  the  tissues  of  the  canal  may  participate  in  the 
inflammatory  process  and  the  entire  fibrocartilaginous  meatus  be  involved. 
The  symptoms  are  exactly  the  same  as  those  of  acute  circumscribed  otitis 
externa,  with  the  exception  that  they  are  more  severe.  The  treatment 
is  precisely  the  same  as  that  of  the  other  condition  (free  incision  of  the 
infected  area,  followed  by  dressing  and  subsequent  irrigation). 

Foreign  Bodies  in  the  External  Auditory  Canal.— The  symptoms 
produced  by  foreign  bodies  in  the  external  auditory  canal  var>'  with  the 
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nature  of  the  foreign  body.  Hard  substances,  such  as  bits  of  glass  or 
pieces  of  metal,  may  enter  the  external  auditory  meatus  either  accident- 
ally or  may  be  introduced  intentionally,  and  even  though  they  remain  in 
the  canal  for  an  indefinite  period,  may  never  give  rise  to  symptoms.  On 
the  other  hand,  foreign  substances,  such  as  seeds,  which  increase  in  size 
as  they  absorb  moisture,  will  give  rise  to  symptoms  of  pressure  as  the 
volume  of  the  foreign  body  increases. 

The  symptoms  to  which  the  foreign  body  gives  rise  may  be  divided 
into  two  classes:  first,  those  which  affect  the  function  of  the  organ,  and, 
second,  general  inflammatory  symptoms.  A  foreign  body  large  enough 
to  occlude  the  external  auditory  meatus  will  cause  an  impairment  of  hear- 
ing and  a  feeling  of  fullness  or  stuffiness  in  the  ear.  If  the  foreign  body 
does  not  completely  occlude  the  meatus,  it  may  remain  in  the  canal  for  an 
indefinite  period  without  causing  any  symptoms.  The  inflammatory 
symptoms  are  most  frequently  brought  about  by  unsuccessful  efforts 
at  the  removal  of  the  foreign  body.  This  brings  us  to  the  treatment 
of  the  condition. 

The  removal  of  a  foreign  body  from  the  external  auditory  canal  is 
most  easily  accomplished  by  means  of  a  stream  of  water  introduced  by 
the  aural  syringe.  Unless  the  foreign  body  Ues  at  the  ver>'  entrance  of 
the  meatus,  no  attempt  should  be  made  to  remove  it  with  instruments, 
such  as  the  forceps,  the  curet,  or  blunt  hooks.  It  will  be  remembered 
that  the  cartilaginous  joins  the  bony  canal  at  an  obtuse  angle.  A  foreign 
body  introduced  into  the  meatus  generally  lodges  just  external  to  this 
line  of  junction.  If  an  attempt  is  made  to  remove  the  foreign  body  with 
the  forceps  or  curet,  it  is  very  frequently  crowded  beyond  this  angle,  and 
then  further  efforts  at  extraction  crowd  it  still  deeper  into  the  meatus,  to- 
ward the  drum  membrane.  Extraction  with  instruments  of  this  character 
should  only  be  undertaken  by  one  accustomed  to  manipulations  of  this 
sort,  and  then  only  under  the  best  possible  illumination.  As  before 
stated,  syringing  is  the  best  method  of  removing  any  foreign  body,  and  is 
the  plan  which  should  always  be  followed  as  a  primary  procedure.  It  is 
best  to  use  an  antiseptic  solution  for  this  purpose.  An  aqueous  solution 
of  1:6000  bichlorid  serves  the  purpose  as  well  as  any  other.  In  using 
the  aural  syringe  the  fluid  should  be  injected  with  a  fair  amount  of  force 
into  the  meatus,  the  stream  being  directed  first  along  the  posterior  wall 
of  the  canal,  then  along  the  superior,  next  the  anterior,  and  finally  along 
the  inferior  wall  of  the  canal.  In  this  way  the  fluid  will  gradually  work 
in  between  the  drum  membrane  and  the  foreign  body,  and  continued 
efforts  at  syringing  will  force  the  foreign  body  from  the  meatus. 

In  certain  cases  syringing  will  not  remove  the  foreign  body.  In  these 
cases  it  is  much  better  to  give  the  patient  a  general  anesthetic,  and  at- 
tempt to  remove  the  foreign  body  by  means  of  the  forceps  or  the  curet, 
than  to  attempt  the  same  manipulation  while  the  patient  is  conscious. 
In  the  case  of  melon-seeds,  peas,  beans,  or  foreign  bodies  of  this  kind,  it 
is  sometimes  possible,  when  the  patient  is  anesthetized,  to  take  out  the 
soft  interior  of  the  foreign  substance  by  means  of  the  curet,  and  then 
subsequently  to  remove  the  shell  with  the  forceps  or  with  the  curet. 
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Care  must  be  taken  in  all  manipulations,  not  to  force  the  foreign  body 
through  the  tympanic  membrane  into  the  middle  ear,  thus  exciting  an 
acute  middle-ear  inflammation. 

If  the  foreign  body  cannot  be  extracted  through  the  external  auditory 
meatus,  it  will  be  necessary  to  remove  it  through  a  posterior  incision. 
This  operation  is  performed  as  follows:  The  parts  about  the  ear  are 
shaved  for  a  distance  of  three  inches  in  every  direction  from  the  center  of 
the  meatus,  and  thoroughly  sterilized  in  the  usual  manner.  The  auricle 
is  then  drawn  forward  and  an  incision  made  along  the  Une  of  auricular 
attachment,  down  to  the  bone.  The  periosteum  is  elevated  so  as  to 
expose  the  margin  of  the  bony  canal  and  the  cartilaginous  canal  is  care- 
fully dissected  out  from  the  bony  canal  by  means  of  a  blunt  dissector. 
The  fibrocartilaginous  canal  is  split  longitudinally  and  a  strip  of  gauze 
is  threaded  through  the  meatus  and  brought  out  at  the  posterior  opening, 
drawing  the  anterior  flap,  consisting  of  the  auricle  and  fibrocartilaginous 
canal,  well  forward.  This  enables  the  surgeon  to  see  the  deeper  portion 
of  the  meatus  clearly,  and  also  increases  somewhat  the  diameter  of  the 
meatus,  as  its  fibrocartilaginous  lining  has  been  dissected  out.  If  sufficient 
space  is  not  obtained  in  this  way  to  remove  the  foreign  body,  the  meatus 
should  be  enlarged  along  its  posterior  aspect  by  chisels  until  the  requisite 
amount  of  space  is  obtained  for  the  extraction  of  the  foreign  body.  After 
thoroughly  wiping  the  parts  with  sterile  sponges,  the  fibrocartilaginous 
canal  is  allowed  to  drop  back  into  position,  and  a  packing  of  sterile  gauze 
is  placed  in  the  external  auditor}^  meatus,  so  as  to  hold  the  fibrocartila- 
ginous canal  in  its  proper  place.  The  posterior  wound  is  completely 
closed  by  means  of  sutures  and  an  ordinary  dressing  of  sterile  gauze 
applied.     Recovery  in  these'cases  is  uneventful. 

Injuries  of  the  Membrana  Tympani. — The  drum  membrane  may 
be  ruptured  either  by  instruments  introduced  into  the  external  auditory 
meatus  or  by  sudden  condensation  of  air  in  the  meatus,  as  from  a  blow 
upon  the  ear  either  by  the  hand  or,  as  sometimes  happens,  in  sea-bathing, 
by  the  impact  of  a  wave.  Very  loud  sounds,  such  as  the  firing  of  heavy 
pieces  of  artillery,  may  rupture  the  membrane.  In  children  the  drum 
membrane  may  also  be  ruptured  by  direct  traction  upon  the  auricle. 
Chemical  irritants  introduced  into  the  canal  may  also  cause  a  perforation 
of  the  drum  membrane. 

The  cases  which  most  interest  the  general  surgeon  are  those  in  which 
a  rupture  of  the  membrana  tympani  occurs  as  the  result  of  a  blow  upon 
the  head,  causing  a  fracture  of  the  base  of  the  skull.  Here  the  traumatism 
may  occur  either  in  the  region  of  the  ear  or,  in  certain  instances,  a  rupture 
of  the  drum  membrane  may  be  caused  by  a  fall  upon  the  vertex,  causing 
a  fracture  of  the  base. 

Symptoms, — The  first  symptom  of  rupture  of  the  drum  membrane 
is  a  sanguinolent  or  sero-sanguinolent  discharge  from  the  ear.  If  the 
rupture  occurs  as  the  result  of  direct  violence  to  the  drum  membrane, 
there  is  usually  severe  pain  in  the  ear.  In  cases  in  which  the  rupture  of 
the  membrana  tympani  is  symptomatic  of  a  fracture  at  the  base  of  the 
skull,  there  is  apt  to  be  very  little  pain,  this  being  masked -by  the  graver 
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symptoms  of  the  accident.  The  discharge  from  the  ear,  however,  is 
usually  large  in  quantity,  and  from  being  sero-sanguinolent,  quickly 
becomes  serous.  A  persistent  discharge  of  clear  serum  from  the  ear, 
following  an  injury  to  the  head,  is  indicative  of  a  fracture  through  the 
petrous  portion  of  the  temporal  bone,  permitting  of  the  escape  of  labyrin- 
thine and  subarachnoid  fluid. 

In  injuries  to  the  skull,  when  the  discharge  is  small  in  quantity,  and 
simply  blood,  there  is  probably  rupture  of  the  drum  membrane,  without 
any  fracture  through  the  petrous  portion  of  the  temporal.  Whenever 
the  drum  membrane  is  ruptured,  infection  of  the  middle  ear  may  take 
place,  and  the  sanguinolent  or  sero-sanguinolent  discharge  be  followed 
by  a  purulent  discharge,  owing  to  secondary  infection  of  the  middle  ear. 

Treatment, — In  all  cases  the  first  object  of  treatment  should  be  to 
secure  perfect  asepsis  of  the  canal.  This  is  best  conserved  by  frequent 
irrigation  of  the  ear  by  means  of  an  antiseptic  solution,  preferably  one 
of  bichlorid  of  mercury  of  a  strength  of  1 :  6000.  This  irrigation  should 
be  repeated  every  two  hours  while  the  discharge  remains  profuse,  and  as 
the  discharge  diminishes  in  quantity  the  frequency  of  irrigation  should  be 
lessened.  The  quantity  of  fliud  used  at  each  irrigation  should  be  about 
half  a  pint.  The  ear  should  be  carefully  examined  by  means  of  the 
speculum,  so  as  to  determine  the  extent  of  injury.  In  cases  in  which  a 
linear  rupture  of  the  drum  membrane  has  occurred,  and  in  which  the  dis- 
charge ceases  in  the  course  of  a  few  days,  it  is  well  to  attempt  to  repair 
the  injury  by  first  sterilizing  the  parts  by  mopping  the  canal  and  the 
surface  of  the  drum  membrane  with  an  alcoholic  solution  of  bichlorid  of 
mercury  of  a  strength  of  1:3000,  and  then  applying  a  disc  of  steriUzed 
paper  to  the  surface  of  the  drum  membrane,  so  as  to  completely  cover  the 
line  of  rupture.  This  prevents  subsequent  infection  of  the  middle  ear 
and  also  promotes  the  rapid  healing  of  the  injured  membrana  tympani 
without  the  development  of  much  cicatricial  tissue. 

If  the  rupture  is  extensive,  this  plan  of  treatment  cannot  be  carried 
out,  and  irrigation  should  be  continued  until  the  wound  in  the  membrana 
tympani  heals  completely. 

Aside  from  rupture  of  the  tympanic  membrane,  the  other  diseases  of 
this  structure  belong  more  to  works  on  special  surgery,  and  the  reader 
is  referred  to  these  works  for  a  more  extended  discussion  of  this  subject. 

Diseases  of  the  Middle  Ear. — Acute  Inflammation  of  the 
Middle  Ear. — The  milder  inflammations  of  the  tympanic  cavity  do  not 
interest  the  general  surgeon.  Both  the  acute  and  chronic  suppurations 
of  the  middle  ear,  however,  come  very  properly  within  his  province.  An 
acute  inflammation  of  the  middle  ear  or  an  acute  otitis  media,  in  an  adult, 
is  almost  always  characterized  by  severe  pain  referred  to  the  ear.  In 
young  children,  however,  pain  may  be  absent,  and  the  only  indication 
which  we  have  of  acute  middle-ear  suppuration  may  be  a  sudden  elevation 
of  temperature.  Acute  otitis  media  may  occur  idiopathically,  or  more 
usually  as  a  complicating  lesion  of  one  of  the  acute  infectious  diseases. 
Grippe  is  undoubtedly  the  most  common  exciting  cause.  The  other 
acute  infectious  diseases,  such  as  measles,  scarlet  fever,  and  diphtheria, 
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may  cause  the  condition,  in  the  order  stated.  The  condition  is  frequently 
produced  by  the  insufflation  of  water  into  the  nose,  either  in  bathing  or 
during  the  use  of  the  nasal  douche.  In  the  adult  the  cUnical  history  is 
usually  clear.  Ordinarily,  there  is  a  previous  history  of  some  con- 
gestion of  the  upper  air-tract — either  an  acute  cold  in  the  head,  an  acute 
attack  of  grippe,  or  one  of  the  acute  infectious  diseases  previously  men- 
tioned. The  pain  in  the  ear  comes  on  rather  suddenly,  and  increases  in 
severity.  The  temperature  is  ordinarily  elevated  one  or  two  degrees. 
The  only  conditions  which  can  be  confounded  with  acute  otitis  in  adult 
life  are  furuncle  in  the  external  auditory  canal  and  the  reflex  pain  in  the  ear, 
due  to  either  an  inflammation  of  the  tonsils,  malignant  disease  of  the 
larj'nx,  or  a  carious  tooth.  All  of  these  reflex  conditions  can  be  excluded 
by  proper  physical  examination. 

As  a  rare  symptom  of  an  acute  inflammation  of  the  middle  ear  we 
should  mention  facial  paralysis.  While  facial  paralysis  is  an  uncommon 
compUcation  of  inflammation  of  the  middle  ear,  it  occasionally  occurs, 
in  both  infancy  and  adult  life.  This  symptom  is  not  necessarily  due  to 
necrosis  of  the  Fallopian  canal,  as  was  formerly  supposed.  We  know 
that,  under  normal  conditions,  large  dehiscences  sometimes  occur  in  the 
Fallopian  canal,  and  where  this  condition  exists,  an  acute  inflammation 
within  the  tympanic  cavity  may  cause  a  facial  paralysis.  In  fact,  I  have 
seen  a  number  of  cases  of  facial  paralysis  due  to  a  very  mild  inflammation 
of  the  middle  ear.  Facial  paralysis,  coming  on  late  in  an  attack  of  acute 
otitis  media,  is  of  greater  significance  than  where  this  symptom  occurs 
early  in  the  disease,  and  it  may  be  given  as  a  general  rule  that  the  later 
the  symptom  occurs,  the  more  radical  should  be  the  operative  interfer- 
ence. This  condition  will  be  spoken  of  more  in  detail  in  considering  the 
operative  treatment  of  mastoiditis. 

A  physical  examination  of  the  ear,  in  a  case  of  acute  otitis,  shows  a 
marked  reddening  of  the  membrana  tympani.  According  as  the  upper 
or  lower  part  of  the  tympanic  cavity  is  involved,  this  change  in  color  will 
involve  the  upper  portion  of  the  tympanic  membrane,  or  ShrapnelFs 
membrane,  or  the  lower  portion  of  the  membrana  tympani  or  the  mem- 
brana tensa.  Very  soon  after  the  beginning  of  the  attack  the  membrane 
will  be  noticed  to  bulge  into  the  external  auditory  canal.  This  bulging, 
in  the  case  of  suppuration  within  the  tympanic  vault,  involves  the  upper 
portion  of  the  membrana  tympani.  In  inflammations  of  the  lower 
portion  of  the  cavity  the  posterior  portion  of  the  drum  membrane  alone 
appears  to  be  bulging.  In  certain  instances,  in  place  of  the  intense  red- 
ness of  the  membrana  tympani  usually  seen  in  acute  inflammations,  the 
surface  of  the  membrane  may  be  white  and  lusterless,  owing  to  necrosis 
of  the  superficial  epithelium.  When  this  epithelium  is  wiped  away  by 
means  of  the  cotton-tipped  applicator,  the  red  color  of  the  drum  mem- 
brane characteristic  of  an  acute  inflammation  of  the  middle  ear  will  be 
observed.  Palpation  about  the  ear  in  adults  elicits  no  pain  in  acute 
inflammations  of  the  middle  ear. 

When  we  come  to  consider  acute  inflammations  of  the  middle  ear  in 
children,  the  only  general  symptom  may  be  a  sudden  and  unexplained 
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rise  in  temperature.  The  temperature  in  these  cases  is  often  very  high, 
and  in  the  early  stages  of  the  disease  may  rise  to  104°  or  105°.  The 
surgeon  should  make  it  a  rule,  in  all  cases  of  unexplained  elevation  of 
temperature  in  children,  to  examine  the  ears,  and  this  is  especially  true 
in  all  cases  where  there  is  a  sudden  rise  of  temperature  complicating  one 
of  the  acute  infectious  diseases  in  childhood,  especially  one  of  the  ex- 
anthemata. Here  a  sudden  rise  in  temperature  is  almost  always  due 
to  an  involvement  of  the  tympanic  cavity.  While  restlessness  or  sleep- 
lessness is  sometimes  characteristic  of  this  condition  in  children,  in 
quite  a  large  proportion  of  cases  the  child  shows  no  evidences  of  any  pain. 
These  children  may  sleep  perfectly  well  at  night  and,  aside  from  a  rise  in 
temperature,  may   present  absolutely   no  deviation  from  the  normal 

standard.  In  children  palpation  about  the  ear 
usually  elicit?  pain,  especially  pressure  in  front 
of  tlie  tnisrus.  As  stated  earlier  in  this  chap- 
ter- tlie  lioiiy  canal  is  entirely  wanting  at  birth, 
and  the  inferior  wall  of  the  meatus  at  the 
fundus  lies  in  contact  with  the  drum  mem- 
brane. It  can  easily  be  seen,  therefore,  that 
pressure  in  front  of  the  tra- 
gus will  press  the  drum 
membrane  inward,  and  will 
therefore  cause  pain  in  case 
of  an  inflammation  of  the 
middle  ear.  The  signs  on 
speculum  examination  are 
exactly  the  same  as  those 
detailed  in  the  description 
of  the  disease  in  adults.  It 
should  be  remembered,  in 
examining  children  with  the 
speculum,  that  the  drum 
membrane  occupies  appar- 
ently a  more  horizontal  po- 
sition in  infancy  than  in 
adult  life,  and  that  it  is 
necessary  to  draw  the  auricle  dow^nward,  backward,  and  outw^ard,  in 
order  to  separate  the  low^er  wall  of  the  meatus  from  the  upper  wall,  so 
that  a  clear  and  distinct  view  of  the  membrana  tympani  may  be  obtained. 
Treatment. — In  every  case  of  an  acute  inflammation  of  the  middle  ear 
a  free  incision  should  be  made  through  the  drum  membrane.  Previous 
to  the  operation  the  parts  should  be  thoroughly  sterilized  by  mopping 
out  the  canal  with  an  alcoholic  solution  of  bichlorid  of  mercurj'  of  a 
strength  of  1 :  3000.  All  instruments  used  should  be  sterilized  by  boiling. 
The  hands  of  the  operator  should  also  be  steriUzed,  as  for  any  operation. 
Incision  of  the  drum  membrane  is  an  exceedingly  painful  operation,  and 
should  always  be  performed  under  general  anesthesia,  except  possibly 
in  the  case  of  very  young  infants.     In  adults  nitrous  oxid  is  the  best 
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anesthetic,  while  in  young  children  chloroform  is  preferable.  Particular 
attention  is  called  to  the  term  *^  incision  of  the  drum  membrane."  Form- 
erly "  paracentesis"  of  the  membrana  tympani  was  advised.  Paracentesis 
is  an  operation  devoid  of  value,  and  in  every  case  where  it  is  necessary 
to  open  the  tympanic  cavity  artificially,  a  free  incision  should  be  made 
through  the  membrana  tympani.  This  incision  should  be  made  in  the 
posterior  segment  of  the  membrane,  and  should  extend  from  the  inferior 
pole,  upward  along  the  posterior  periphery  of  the  membrane  as  far  as  the 
tympanic  vault.     (See  Fig.  442.) 

If  the  upper  portion  of  the  middle  ear  alone  is  involved,  that  is,  if  the 
inflammation  involves  the  tympanic  vault  alone,  the  knife  should  first 
be  thrust  through  the  most  prominent  portion  of  the  tumefaction,  and  the 
incision  should  be  carried 
upward  as  far  as  the  su- 
perior wall  of  the  canal. 
The  edge  of  the  knife 
should  then  be  turned 
backward,  the  point  be- 
ing directed  upward  and 
inward  so  as  to  enter  the 
tympanic  vault.  During 
the  withdrawal  of  the 
knife,  the  point  of  the 
instrument  should  be 
held  in  contact  with  the 
bony  structures,  so  as  to 
incise  not  only  the  upper 
portion  of  the  membrana 
tympani,  but  all  of  the 
soft  tissues  of  the  poste- 
rior wall  of  the  meatus 
as  well,  for  a  distance 
outward  of  at  least  an 
eighth  of  an  inch  from  the 
drum  membrane.  This 
incision  along  the  poste- 
rior wall  of  the  canal  serves  to  relieve  tension  within  the  tympanic  vault 
and  mastoid,  and  will  frequently  prevent  serious  mastoid  involvement 
in  cases  of  inflammation  of  the  tympanic  vault.     (See  Fig.  443.) 

After  incision  frequent  irrigation  of  the  external  auditory  canal  should 
be  performed.  This  is  best  accomplished  with  the  small  bulb  syringe. 
A  warm  antiseptic  solution  should  be  used,  preferably  one  of  bichlorid  of 
mercury  of  a  strength  of  1:  6000.  The  irrigations  should  be  repeated 
every  two  hours  during  the  day  and  ever>'  four  hours  during  the  night, 
about  eight  ounces  of  fluid  being  used  at  each  irrigation. 

This  method  of  treatment  is  much  to  be  preferred  to  drainage  by  means 
of  sterile  gauze  inserted  into  the  canal.  As  the  discharge  diminishes  in 
quantity,  the  frequency  of  irrigation  should  also  be  diminished.     It  is 
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wise  for  the  surgeon  to  see  these  cases  at  least  once  daily  during  the  acute 
attack,  and  to  sterilize  the  canal  himself  at  each  visit,  by  mopping  it  out 
thoroughly  with  an  alcoholic  solution  of  bichlorid  of  mercury  of  a  strength 
of  1:3000. 

In  certain  cases  of  acute  inflammation  of  the  middle  ear  the  discharge 
appears  before  the  case  comes  under  the  observation  of  the  surgeon.  In 
cases  where  the  perforation  is  competent  and  the  drainage  free,  as  evi- 
denced in  adults  by  a  total  absence  of  pain,  and  in  children  by  Uttle  or  no 
elevation  of  temperature,  irrigation  is  the  only  treatment  to  be  pursued. 
In  most  cases  in  which  spontaneous  perforation  occurs,  however,  the 
perforation  is  so  small  as  to  give  only  imperfect  drainage.  In  these  cases 
free  incision  of  the  drum  membrane,  according  to  the  rules  already  laid 
down,  should  be  performed  in  order  to  secure  absolutely  free  drainage. 
This  incision  is  particularly  indicated  in  children  suffering  from  acute 
otitis,  in  whom,  in  spite  of  free  discharge,  the  temperature  still  remains 
somewhat  elevated. 

Nothing  has  been  said  in  the  preceding  pages  in  regard  to  the  abortive 
treatment  of  acute  otitis.  While  a  ver>'  small  proportion  of  these  cases 
could  possibly  be  aborted  by  early  inflation  of  the  middle  ear,  these 
cases  are  scarcely  severe  enough  to  come  under  the  observation  of  the 
surgeon.  All  attempts  at  aborting  the  inflammation  by  means  of  local 
blood-letting,  the  application  of  heat  or  cold,  and  so  forth,  are  unworthy 
of  mention. 

A  word  should  be  said  in  regard  to  the  instillation  of  substances  into 
the  external  auditory  meatus  for  the  relief  of  pain.  Acute  otitis  is  a 
surgical  disease,  and  should  be  treated  surgically.  The  instillation  of  any 
substance  into  the  canal  for  the  relief  of  pain  is  worse  than  useless,  and 
tends  to  aggravate  rather  than  to  relieve  the  condition. 

Chronic  Suppuration  of  the  Middle  Ear. — Chronic  middle-ear 
suppuration  is  the  result  of  neglected  acute  suppuration.  This  is  invari- 
ably true  if  we  except  those  rare  cases  of  tuberculous  origin  in  which  the 
suppuration  comes  on  without  any  acute  symptoms,  and  in  which  the 
first  sign  of  disease  is  a  discharge  from  the  external  auditory  meatus. 
These  cases  are,  however,  comparatively  infrequent,  and  a  chronic  dis- 
charge from  the  tympanic  cavity  should  practically  always  be  looked 
upon  as  the  result  of  a  neglected  acute  process. 

The  most  characteristic  symptom  is  a  purulent  discharge  from  the  ex- 
ternal auditory  meatus.  It  may  be  stated  as  a  rule,  to  which  there  are 
seldom  any  exceptions,  that  whenever  a  purulent  discharge  in  the  external 
auditor}'  canal  has  been  present  for  more  than  two  or  three  weeks,  this 
discharge  comes  from  the  tympanic  cavity.  Aside  from  those  rare  cases 
of  neoplasm  of  the  external  auditory  meatus,  there  is  no  condition  of  the 
external  auditory  canal  which  \vill  give  rise  to  a  continued  profuse  piuident 
discharge,  and  hence  the  presence  of  such  a  discharge  must  depend  upon 
suppuration  within  the  middle  ear. 

The  effect  of  this  condition  upon  the  function  of  the  organ  does  not 
interest  the  general  surgeon.  It  is  only  necessary'  to  say  that  in  these 
cases  we  are  apt  to  have  considerable  impairment  of  hearing,  although 
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Fio        444. — Chronic 
Purulent      Otitis 
Media  (Dench). 
Extensive     deetnic- 

tion  of  the  membrana 

vibrans. 


in  certain  instances  the  hearing  is  only  slightly  impaired.  A  symptom 
of  which  these  patients  occasionally  complain,  and  which  should  always 
excite  attention,  is  vertigo.  Dizziness,  either  constant  or  intermittent, 
associated  with  a  discharge  from  the  middle  ear,  always  demands  careful 
investigation,  and  is  usually  only  reUeved  by  surgical 
interference.  The  appearance  observed  in  these  cases 
on  speculum  examination  varies  widely.  Only  a 
passing  reference  can  be  made  to  the  various  pictures 
which  are  well  illustrated  in  Figs.  444  to  449. 

All  the  perforations  which  are  found  in  these 
chronic  conditions  may  be  briefly  classed  under  these 
six  heads: 

First,  extensive  loss  of  the  lower  portion  of  drum 
membrane,  the  perforation  being  more  or  less  kidney- 
shaped,  the  narrow  portion  of  the  perforation  corre- 
sponding to  the  long  process  of  the  malleus  (Fig.  444). 

Second,  the  same  perforation,  with  the  presence  of  granulation  tissue 
developing  in  the  tympanic  cavity  (Fig.  445). 

Third,  the  anterior  portion  of  the  drum  membrane  intact,  the  upper 
and  posterior  portion  destroyed,  and  a  sinus  leading 
.  upward  into  the  tjonpanic  vault  (Fig.  446). 

/^j&  ^  ^  Fourth,  the  membrana  vibrans  intact,  but  a  per- 

fUmfiZ.  .  foration   above   the  short  process  of  the  malleus. 

Granulation  tissue  may  or  may  not  be  present  in 
the  perforation  (Fig.  447). 

Fifth,  complete    destruction  of    the    membrana 
tympani,  with  displacement  of  the  ossicles  (Fig.  448). 
Sixth,  small  perforation  in  the  posterior  portion 
of  membrana  tympani  (Fig.  449). 

Of  these  six  pictures,  the  first  and  last  may  yield 
to  milder  measures.  In  the  first  instance  there  is  a 
considerable  destruction  of  the  lower  portion  of  the  drum  membrane, 
without  granulation  tissue,  and  simple  cleansing  of  the  ear  by  means  of 
irrigation  with  antiseptic  solutions,  in  the  manner  described  under  acute 
otitis,  may  cause  a  complete  cessation  of  the  dis- 
charge. 

While  the  drum  membrane  is  seldom  restored  in 
cases  of  extensive  perforation,  the  internal  wall  of 
the  middle  ear  may  dermatize,  and  the  ear  remain 
dry  indefinitely.  This  condition  occurs  most  fre- 
quently in  adolescents,  and  in  these  cases  we  usually 
have  a  history  of  recurrent  attacks  of  otorrhea  fol- 
lowing severe  colds  in  the  head.  Here  attention  not 
only  to  the  ear,  but  to  the  upper  air-tract,  the  re- 
moval of  adenoid  vegetations  and  of  enlarged  tonsils, 
together  with  irrigation  of  the  ear,  will  sometimes 
bring  about  a  complete  and  permanent  cessation  of  discharge. 

In  a  case  in  which  there  is  a  small  perforation  in  the  posterior  portion 
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Fio.     447. — Perfora- 
tion      ABOVE       THE 

Short  Process  of 
THE  Malleus 
(Dench). 


of  the  membrana  vibrans  (the  cases  designated  under  sixth  in  the  above 
list)  a  free  incision  of  the  drum  membrane,  so  as  to  secure  perfect  drainage, 
followed  by  irrigation  of  the  ear  and  proper  attention  to  the  upper  air- 
tract,  will  quite  frequently  bring  about  a  complete 
cure,  with  closure  of  the  perforation. 

In  all  of  the  other  conditions  enumerated  surgical 
interference  \\dll  almost  always  be  necessary,  in  order 
to  secure  a  permanent  cessation  of  discharge.  I 
make  this  statement  after  a  rather  extensive  exper- 
ience, and  after  employing  various  methods  of  ten- 
tative treatment. 

While  this  description  of  suppurative  otitis  may 
seem  brief,  the  treatment  outlined  covers  those  mea- 
sures  which    would    ordinarily   be    applied   by   the 
general  surgeon,  and  experience  has  shown  that  in  the  other  conditions 
operation  is  almost  invariably  demanded  sooner  or  later. 

Particular  attention  is  called  to  cases  of  intermittent  discharge  from 
the  ear,  and  also  to  those  cases  in  which  the  discharge  is  ver>'  slight.  Both 
of  these  conditions  are  among  the  most  serious  with 
which  we  have  to  deal.  Patients  usually  seek  relief 
from  a  profuse  aural  discharge  on  account  of  the 
annoyance  which  a  profuse  discharge  occasions.  If, 
however,  this  discharge  is  intermittent,  or  if  it  is 
only  slight,  patients  frequently  fail  to  come  under 
the  obser\'ation  of  the  surgeon  until  the  middle-ear 
suppuration  has  caused  intracranial  infection. 

Particular  attention  should  be  called  to  those 
cases  in  which  a  perforation  exists  in  the  posterior 
portion  of  the  membrana  tympani.  In  such  cases 
the  discharge  is  usually  very  slight;  so  sUght,  in  fact,  that  it  often 
forms  a  crust  on  the  upp^r  and  posterior  w^all  of  the  canal,  and  may  be 
mistaken  for  cerumen.  Examination  will  show  perforation  in  the  region 
named,  \\ith  a  sinus  leading  into  the  upper  portion  of  the  tympanic  cavity. 
The  discharge  is  always  foul-smelling,  and  a  careful 
examination  with  the  probe  will  frequently  reveal 
/     >  J)jk  exposed  bone  in  the  tympanic  vault.     These  cases 

(m/fi*  ^  /  almost  invariably  demand  radical  surgical  interfer- 
Wf'.^i^  .  ence,  and  the  same  may  be  said  of  cases  in  which 
granulation  tissue  is  present  (Fig.  445),  and  in  which 
there  is  complete  destruction  of  the  membrana  tym- 
pani, with  displacement  of  the  ossicles,  as  shown  in 
Fig.  448. 

A  condition  invariably  demanding  surgical  inter- 
ference is  one  in  which  a  perforation  is  present  above 
the  short  process  of  the  malleus.     Tlirough  this  per- 
foration a  probe  can  be  passed  into  the  tympanic  vault,  and  a  perforation 
in  this  situation  is  always  indicative  6i  caries  in  the  tympanic  cavity. 
A  chronic  suppuration  within  the  tympanic  cavity  frequently  leads 
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Fig.  448. — Chronic 
Purulent  Otitis 
Media.  Ossicles 
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Fig.  449. — Chronic 
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hind the  umbo. 
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to  the  development  of  a  cholesteatoma.  A  cholesteatoma  consists  of  a 
conglomeration  of  epithelial  cells  superimposed  upon  one  another  so  as 
to  fonn  a  firm,  compact  mass,  containing,  in  addition  to  the  epithelial 
cells,  a  certain  amount  of  cholesterin.  When  dry,  this  foreign  body  causes 
but  few  symptoms.  Owing  to  recurrent  attacks  of  congestion  of  the 
tympanic  cavity,  however,  this  epithelial  deposit  becomes  moistened 
from  time  to  time,  increases  in  size,  and  causes  symptoms  due  to  pressure. 
In  the  first  place,  by  its  increas§  in  size  it  obstructs  drainage  from  the 
upper  portion  of  the  tympanic  cavity ;  secondly,  it  may  cause  severe  pain; 
and,  third,  by  continual  additions  to  this  mass,  gradual  destruction  of 
the  walls  of  the  tympanic  vault  and  mastoid  antnim  may  occur.  In  ex- 
treme cases  these  cholesteatomata  may  be  as  large  as  a  pigeon's  egg,  and 
may  have  caused  destruction  of  all  of  the  bony  walls  of  the  mastoid  pro- 
cess and  of  the  tympanic  vault.  In  one  case  of  cholesteatoma  which 
came  under  my  observation  the  outer  wall  of  the  mastoid  was  reduced 
to  a  thin  shell;  the  internal  wall  was  wanting  over  the  floor  of  the  middle 
cranial  fossa,  and  posteriorly,  over  a  portion  of  the  cerebellar  fossa, 
while  the  external  wall  of  the  tympanic  vault  and  the  posterior  wall  of  the 
external  auditory  canal  had  been  reduced  to  a  very  thin  shell  of  bone. 

The  subject  of  the  surgical  treatment  of  intratympanic  caries  is  a 
large  one.  Dead  bone  in  the  tympanic  cavity  offers  a  constant  menace 
to  life  on  account  of  the  danger  of  intracranial  infection.  A  middle-ear 
suppuration,  therefore,  should  never  be  allowed  to  continue,  and  if  it 
cannot  be  checked  by  the  milder  measures,  detailed  in  the  preceding 
pages,  operative  interference  becomes  imperative.  The  choice  of  the 
procedure  must  naturally  vary  in  different  cases.  The  simpler  operation 
of  ossiculectomy,  that  is,  the  removal  of  the  ossicles  through  the  external 
auditory  meatus,  with  curetment  of  the  tympanic  vault  through  the 
canal,  will  not  be  considered  in  this  article.  Such  procedures,  if  they 
are  indicated,  fall  to  the  special  surgeon.  Although  formerly  an  earnest 
advocate  of  this  operation,'  at  present  I  believe  its  utility  is  restricted  to 
a  very  small  proportion  of  cases.  I  have  kept  under  observation  for 
many  years  cases  previously  operated  on.  A  certain  proportion  of  them 
remain  well.  In  many  instances,  ho^'ever,  it  has  been  necessary'  later 
to  subject  the  patients  to  the  radical  operation,  and  this  operation,  I  feel 
convinced  at  the  present  time,  with  our  improved  technic,  is  the  one 
operation  which  should  be  performed  in  cases  of  chronic  middle-ear 
suppuration.  The  description  of  this  operation  will  be  found  under 
Radical  Operation  for  Chronic  Middle-Ear  Suppuration.     (See  p.  832.) 

Regarding  the  complications  of  chronic  middle-ear  suppuration,  the 
intracranial  complications  will  be  described  in  a  separate  portion  devoted 
to  this  subject.  Among  the  unclassified  sequelae  which  may  complicate 
a  chronic  middle-ear  suppuration  may  be  mentioned  partial  or  com- 
plete facial  paralysis,  due  to  involvement  of  the  facial  nerve  as  it  runs 
through  the  aqueductus  FaUopii  or  through  the  mastoid  process,  and 
also  chronic  inflammation  of  the  external  auditory  meatus,  causing,  in 
some  cases,  almost  complete  stenosis  of  the  external  auditory  canal. 
If  either  of  these  conditions  is  present,  surgical  interference  must  be  under- 
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taken,  and  the  radical  operation,  which  will  be  described  later,  constitutes 
the  best  method  for  relieving  them. 

Diseases  of  the  Mastoid  Process.— Acute  inflammation  of  the 
mastoid  usually  follows  either  an  acute  or  a  chronic  inflammation 
of  the  middle  ear.  While  primary  mastoiditis  may  occur,  the  condition 
is  so  uncommon  as  to  deserve  mention  only  as  a  pathologic  curiosity.  A 
primary  involvement  of  the  mastoid  may  occur  rarely  idiopathically, 
but  more  commonly  as  the  result  of  a  svphilitic  or  tuberculous  infection. 
In  tuberculous  mastoiditis  the  middle  ear  \a  almost  always  involved. 
Quite  a  large  proportion  of  the  cases  of  mastoiditis  follow  acute  inflam- 
mation of  the  middle  ear,  although  if  an  acute  inflammation  of  the  middle 
ear  is  seen  early  and  treated  promptly,  mastoid  involvement  can  usually 
be  prevented.  In  nearly  a  thousand  operative  cases  of  acute  and  chronic 
suppuration  of  the  mastoid  process  which  have  come  under  my  obser- 
vation, I  can  recall  only  a  very  few  cases  in  which  mastoiditis  occurred, 
when  the  acute  middle-ear  condition  had  been  treated  within  twenty- 
four  hours  of  its  inception. 

Among  the  other  causes  of  mastoiditis  we  should  mention,  as  idio- 
pathic factors,  acute  inflammation  of  the  external  auditor}^  meatus. 
While  it  is  very  rare  for  an  inflammation  of  the  external  auditory  canal 
to  secondarily  involve  the  mastoid  process,  this  condition  does  occur, 
and  should  be  borne  in  mind. 

Symptoms. — The  symptoms  of  acute  inflammation  of  the  mastoid  vary 
excewiingly.  In  a  typical  case,  following  acute  otitis  media,  or  in  those 
cases  in  which  acute  mastoiditis  is  grafted  upon  a  previous  chronic  middle- 
ear  suppuration,  the  first  symptom  is  usually  pain,  referred  to  the  region 
of  the  ear  and  to  the  mastoid  process.  In  cases  complicating  acute  otitis 
media  the  pain  in  the  mastoid  usually  comes  on  several  days  after  the 
inception  of  the  acut^e  otitis,  and,  if  the  case  has  been  treated  according 
to  the  rules  already  laid  down,  generally  after  the  acute  pain  in  the  ear 
has  temporarily  subsided.  A  typical  history  following  acute  otitis  media 
would  be  somewhat  as  follows:  The  middle-ear  inflammation  would  be 
characterized  by  its  regular  symptoms  of  pain  in  the  ear,  with  some 
increase  in  temperature.  This  would  be  relieved  by  incision  of  the  drum 
membrane,  and  a  profuse  discharge  from  the  middle  ear  would  follow. 
In  the  course  of  a  few  days  this  discharge  would  become  scanty,  and  the 
patient,  who  had  been  free  from  pain  since  the  incision  of  the  drum 
membrane,  would  begin  to  complain  of  severe  pain  in  the  ear  and  also 
in  the  mastoid  process.  Occasionally  this  discomfort  does  not  amount 
to  severe  pain,  and  may  simply  keep  the  patient  awake  at  night,  the  patient 
complaining  of  no  particular  pain,  but  simply  saying  that  he  cannot  sleep. 
Coincident  with  this  pain  there  may  or  may  not  be  an  elevation  of  tem- 
perature. I  have  seen  a  number  of  cases  in  which  careful  temperature 
observations  have  been  kept  in  which  the  pain  has  been  severe,  and 
other  cases  in  which,  without  severe  pain,  there  has  been  sleeplessness, 
and  yet  careful  observations  have  failed  to  reveal  any  rise  in  temperature. 

Another  symptom  of  importance  is  that  referable  to  the  aural  dis- 
charge.   The  discharge  from  the  ear  usually  diminishes  in  quantity  as 
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the  mastoid  symptoms  begin  to  declare  themselves.  In  other  words, 
there  is  deficient  drainage  from  the  middle  ear,  and  consequent  involve- 
ment of  the  mastoid  process.  As  before  stated,  the  temperature  may  or 
may  not  be  elevated.  I  wish  to  emphasize  this  point  particularly,  because 
in  some  severe  cases  we  have  no  elevation  of  temperature.  This  usually 
applies  to  acute  mastoiditis  in  adults.  In  children,  there  is  usually  some 
elevation  of  temperature  in  these  cases.  While  a  diminution  of  the  dis- 
charge is  usually  characteristic  of  involvement  of  the  mastoid  process, 
there  are  certain  cases  in  which  the  discharge  is  increased  in  quantity. 
In  them  the  symptoms  are  less  acute.  The  patient  does  not  complain  of 
pain,  as  a  rule,  but  the  acute  inflamimation  of  the  middle  ear  simply  fails 
to  clear  up  under  the  usual  local  treatment,  and  the  discharge  from  the 
ear,  instead  of  diminishing  in  quantity,  becomes  more  and  more  profuse. 
This  condition  is  not  infrequently  found  in  children.  The  persistence 
of  the  profuse  purulent  discharge  from  the  external  auditory  meatus  for 
a  number  of  weeks  following  an  attack  of  acute  otitis  should  always  make 
the  surgeon  suspicious  of  an  inflammation  of  the  mastoid  process.  In 
other  words,  the  middle  ear  is  a  cavity  of  comparatively  small  size,  and 
while  an  acute  inflammation  of  the  middle  ear  may  cause  a  profuse  otorrhea 
for  a  number  of  days,  or  even  for  one  or  two  weeks,  if  the  disease  is  limited 
to  the  middle  ear  this  discharge  should  certainly  diminish  at  the  end  of 
two  weeks.  If,  on  the  other  hand,  the  discharge  still  remains  profuse, 
even  although  the  patient  complains  of  no  severe  pain,  the  continuation 
of  the  profuse  discharge  should  be  looked  upon  with  suspicion.  This  is 
particularly  true  in  the  case  of  children. 

Quite  recently  much  has  been  written  as  to  the  value  of  a  differential 
blood  count  in  determining  the  advisability  of  operation  in  these  cases. 
While  I  do  not  wish  to  underrate  the  value  of  a  careful  blood  examination 
in  all  cases,  I  can  only  say  that  in  my  own  experience — and  these  exam- 
inations have  been  invariably  made  in  my  cases — a  differential  blood  count 
has  been  of  very  little  value  in  the  matter  of  determining  the  necessity  of 
operation.  In  a  certain  small  proportion  of  cases  a  high  polymorpho- 
nuclear percentage,  as  compared  with  the  total  leukocytosis,  has  been 
found.  In  a  very  large  number  of  cases,  however,  this  relative  increase 
in  polymorphonuclear  cells  has  not  appeared,  and  in  some  cases  in  which 
there  has  been  almost  complete  destruction  of  the  mastoid  process  by 
suppuration,  the  percentage  of  the  polymorphonuclear  ceUs  has  not  risen 
above  the  normal  standard,  and  in  no  instance  in  doubtful  cases  has  it 
reached  80  per  cent.  While  I  believe,  then,  that  the  blood  count  is  of 
some  value  in  determining  the  presence  of  suppuration  in  the  mastoid, 
I  do  not  believe  that  it  can  be  relied  upon  in  the  majority  of  cases. 

When  we  come  to  consider  the  special  signs  indicative  of  mastoid 
involvement,  a  careful  examination  will  ordinarily  enable  the  surgeon 
to  determine,  with  absolute  accuracy,  whether  or  not  the  mastoid  is 
involved,  and  by  this  I  mean  whether  operative  interference  is  necessary. 
First  among  the  signs  upon  examination  should  be  enimierated  local 
tenderness.  Tenderness  on  palpation  over  the  mastoid  process  is  an 
almost  certain  sign  of  mastoid  involvement  if  there  has  been  involvement 
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of  the  middle  ear  for  any  considerable  time.  Mastoid  tenderness  may  be 
present  either  over  the  antrum,  over  the  tip  of  the  mastoid,  or  just  behind 
and  above  the  mastoid  tip,  near  the  point  of  entrance  of  the  mastoid 
emissary  vein.  Mastoid  tenderness  is  elicited  by  firm  pressure  with  the 
index-finger  or  thimib  over  the  mastoid,  care  being  taken  in  this  manipu- 
lation not  to  move  the  auricle.  If  pressure  is  made  upon  the  bone  only, 
and  no  motion  is  communicated  to  the  auricle,  mastoid  tenderness  is  a 
xevy  significant  sign.  To  avoid  communicating  any  motion  to  the  auricle, 
the  palpating  finger  or  thumb  should  be  pressed  upon  the  mastoid  just 
behind  the  line  of  auricular  attachment  and  firm  pressure  be  made  back- 
ward and  inward.  In  this  manner  the  pressure  is  brought  directly  upon 
the  mastoid  itself,  while  no  motion  is  communicated  to  the  auricle  or  fibro- 
cartilaginous canal.  If  any  pressure  is  used  forward  along  the  line  of 
auricular  attachment,  movement  is  communicated  to  the  auricle  and 
fibrocartilaginous  canal,  an  error  in  diagnosis  may  arise.  A  furuncle 
on  the  posterior  wall  of  the  external  auditory  meatus,  or,  in  fact,  anywhere 
in  the  external  auditor}'  meatus,  will  cause  tenderness  on  pressure  over  the 
mastoid  if,  at  the  same  time,  the  auricle  is  crowded  forward  so  as  to  com- 
municate this  motion  to  the  meatus.  Care  must  be  exercised,  therefore,  in 
palpating  the  mastoid  process,  to  see  that  the  mastoid  alone  is  palpated,  and 
that  the  canal  and  the  auricle  are  not  moved.  Tenderness  over  the  mastoid 
tip  is  usually  less  significant  than  tenderness  over  the  mastoid  antrum. 
Although  the  mastoid  antrum  is  much  more  intimately  related  to  the  middle 
ear  than  are  the  cells  at  the  mastoid  tip,  it  is  a  common  clinical  experi- 
ence to  find  tip  tenderness  early  in  nimierous  cases  of  acute  middle-ear 
inflammation.  This  tip  tenderness  usually  disappears  in  the  course  of 
a  few  days  and,  occurring  early  in  a  case  of  acute  otitis,  is  of  no  special 
significance.  On  the  other  hand,  tenderness  over  the  mastoid  antrum, 
either  at  the  beginning  of  the  attack  or  coming  on  a  few  days  after  an 
attack  of  otitis,  is  an  exceedingly  significant  symptom,  as  is  also  tender- 
ness over  the  antrum  following  a  preceding  tip  tenderness.  Tenderness 
behind  and  above  the  mastoid  tip  is  significant,  but  should  not  be  mis- 
taken for  the  tenderness  occurring  in  occipital  neuralgia.  Under  normal 
conditions  a  tender  point  is  found  behind  and  above  the  mastoid  tip, 
corresponding  to  the  point  of  emergence  of  the  occipitalis  major  nerve,, 
and  this  should  never  be  mistaken  for  tip  tenderness.  A  comparison 
of  the  tenderness  upon  the  two  sides,  if  one  side  alone  is  involved,  will 
be  sufficient  to  prevent  an  error  in  diagnosis  from  this  cause. 

The  next  most  constant  sign  of  mastoid  involvement  is  the  evidence 
presented  on  speculum  examination.  In  speaking  of  the  anatomy  of 
the  middle  ear,  attention  was  called  to  the  fact  that  the  upper  wall  of  the 
external  meatus,  close  to  the  drum  membrane,  constitutes  the  floor  of  the 
aditus  ad  antrum.  Consequently,  when  an  inflammatory  process  ex- 
tends from  the  middle  ear  to  the  mastoid,  one  of  the  earliest  signs  which 
we  have  is  a  sinking  of  the  upper  and  posterior  wall  of  the  external  audi- 
tory meatus,  close  to  the  drum  membrane.  This  narrowing  of  the  ver- 
tical diameter  of  the  deep  canal  is  probably  the  most  significant  sign  of 
mastoiditis.    On  specultun  examination  the  upper  and  posterior  wall  of 
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the  external  auditon'  meatus  sinks  downward  and  forward  so  that  the 
vertical  diameter  of  the  canal  is  diminished  and  the  fundus  in  its  vertical 
dimension  is  narrowed;  in  other  words,  the  fundus  appears  less  broad 
from  above  downward  than  normally.  The  line  of  demarcation  between 
the  drum  membrane  and  the  external  auditory  meatus  also  fades  away, 
so  that  the  postero-superior  wall  of  the  canal  seems  to  pass,  without  any 
line  of  demarcation,  into  the  drum  membrane,  and  the  fundus  of  the  canal 
appears  conical  rather  than  circular. 

The  two  signs,  then,  of  local  tenderness  and  sinking  of  the  upper  and 
posterior  wall  of  the  canal,  are  the  signs  to  be  relied  upon  in  determining 
mastoid  involvement. 

I  have  spoken  of  those  cases  complicating  acute  otitis.  The  signs 
and  symptoms  of  mastoid  involvement,  following  an  acute  exacerbation 
in  a  chronic  suppurative  otitis  media,  are  exactly  the  same  as  those  com- 
plicating an  acute  middle-ear  inflammation.  I  have  purposely  said 
nothing  about  redness  behind  the  ear,  or  the  presence  of  a  post-aural 
fluctuating  tumor.  In  cases  seen  early,  the. surgeon  never  waits  until 
there  is  edema  over  the  mastoid,  or  until  there  is  a  subperiosteal  abscess, 
before  making  his  diagnosis.  It  should  be  remembered  that  post-aural 
edema  is  rather  more  significant  of  inflammation  of  the  external  auditory 
meatus — that  is,  of  a  furuncle  on  the  posterior  wall  of  the  external  auditory 
canal — than  it  is  of  a  mastoiditis.  The  rules  laid  down  regarding  the  proper 
palpation  of  the  mastoid  will  enable  the  obser\'er  to  make  a  differential 
diagnosis.  In  cases  seen  late,  and  in  which  rupture  through  the  mastoid 
cortex  has  occurred,  a  fluctuating  post-aural  swelling  may  be  found. 
In  early  infancy  involvement  of  the  mastoid  may  be  so  rapid  and  so  in- 
sidious as  to  cause  extensive  mastoid  involvement,  with  the  presence  of 
a  post-aural  fluctuating  tumor  as  the  first  symptom  of  the  disease.  If 
the  mastoid  is  involved  and  the  inflammatory  products  are  evacuated 
spontaneously,  rupture  through  the  bony  cortex  may  take  place  in  one 
of  four  situations:  First,  through  the  mastoid  cortex,  over  the  region  of 
the  antrum;  second,  through  the  mastoid  tip  into  the  digastric  fossa, 
beneath  the  stemomastoid  muscle;  third,  through  the  anterior  surface 
of  the  mastoid,  causing  tumefaction  of  the  posterior  wall  of  the  external 
auditory  canal;  and,  fourth,  at  the  root  of  the  zygoma.  These  points 
of  rupture  are  mentioned  in  their  order  of  frequency. 

Treatment. — The  treatment  of  acute  mastoiditis  is  always  operative. 
The  condition  can  only  be  relieved  by  the  evacuation  of  the  inflammatory 
products.  Whether  this  evacuation  is  secured  through  the  external  au- 
ditory meatus  by  a  free  incision  of  the  drum  membrane,  or  whether  it  is 
secured  by  operation  upon  the  mastoid  itself,  will  depend  upon  the 
severity  of  the  symptoms.  In  cases  of  acute  middle-ear  inflammation, 
followed  by  spontaneous  rupture  of  the  drum  membrane  and  insufficient 
drainage,  if  these  cases  are  seen  with  beginning  mastoid  tenderness,  the 
surgeon  may  attempt  to  secure  drainage  by  a  free  incision  through  the  drum 
membrane.  This  incision  should  freely  drain  the  tympanic  vault,  and 
should  be  extended  outward  on  to  the  supero-posterior  wall  of  the  canal, 
as  described  under  the  treatment  of  acute  purulent  otitis  media.     In 
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cases  in  which  incision  of  the  drum  membrane  has  been  performed  early, 
and  symptoms  of  mastoid  involvement  supervene  after  free  incision  of  the 
drum  membrane,  I  do  not  beUeve  it  is  wise  to  attempt  to  abort  the  disease 
by  a  second  incision  through  the  membrana  tympani.  Ordinarily,  a 
second  incision  of  the  drum  membrane  simply  serves  to  relieve  the  symp- 
toms for  a  few  days,  and  on  opening  the  mastoid  we  find  suppuration  within 
the  bone  so  far  advanced  as  to  prove  the  utter  futility  of  the  milder 
efforts  to  relieve  the  condition. 

Regarding  other  tentative  measures,  such  as  local  blood-letting,  and 
the  application  of  the  ice-coil,  a  rather  extensive  experience  has  convinced 
me  that  both  these  methods  are  absolutely  worthless.  Formerly,  in  acute 
mastoiditis,  it  was  customary  to  apply  cold  continuously  to  the  mastoid, 
either  by  means  of  the  Leiter  coil  or  by  means  of  the  ice-bag,  for  a  period 
of  at  least  thirty-six  hours,  in  order  to  abort  the  inflammatory  process. 
After  a  very  careful  use  of  this  method  I  can  freely  say  that  I  have  never 
seen  the  least  benefit  result  from  it.  Cold  simply  masks  the  mastoid 
symptoms,  and  while  relieving  the  signs  of  superficial  inflammation, 
allows  the  process  to  extend  more  and  more  deeply  into  the  bone.  For 
this  reason,  therefore,  I  am  opposed  to  the  local  appUcation  of  cold.  It 
goes  without  saying  that  internal  medication  for  the  relief  of  the  pain 
is  absolutely  dangerous.     It  simply  serv^es  to  mask  the  symptoms. 

It  is  difficult  to  decide  when  to  operate  upon  any  given  case.  I  have 
seen  cases  of  acute  otitis  which  developed  mastoid  symptoms  demanding 
operation  within  forty-eight  hours  after  the  acute  otitis  began.  In  any 
case  if  the  pain  is  severe  and  unreUeved  by  free  drainage  after  incision  of 
the  drum  membrane,  if  mastoid  tenderness  persists  in  spite  of  such  free 
drainage,  especially  if  there  is  any  elevation  of  temperature,  an  immediate 
operation  should  be  performed.  Added  to  these  symptoms  there  is  the 
sinking  of  the  upper  and  posterior  wall  of  the  bony  canal  close  to  the 
membrana  tympani.  If  either  tenderness  or  the  physical  sign  of  sinking 
of  the  upper  and  posterior  canal  wall  should  be  absent,  and  yet  the  pain 
in  the  ear  be  severe,  with  an  elevation  of  temperature,  I  should  be  inclined 
to  operate  early  in  any  given  case.  Ordinarily  mastoid  involvement 
does  not  produce  symptoms  demanding  operation  before  the  fourth  or  fifth 
day  after  middle-ear  involvement,  granted  that  drainage  through  the 
external  auditory  canal  has  been  established  early.  In  cases  in  which 
free  drainage  through  the  canal  is  present  after  incision,  a  certain  amount 
of  mastoid  tenderness  may  be  disregarded  for  one  or  two  days  after  the 
beginning  of  the  primary  attack,  unless  constitutional  symptoms  are 
present  which  seem  to  demand  early  operation.  Cases  in  which  spontane- 
ous rupture  of  the  drum  membrane  has  occurred,  and  which  present 
mastoid  symptoms,  will  ordinarily  demand  operation  much  earlier 
than  those  cases  presenting  the  same  symptoms  when  free  drainage  has 
been  secured  by  incision. 

Mastoid  Operation. — A  few  points  in  regard  to  the  anatomy  of 
the  mastoid  may  not  be  out  of  place  in  this  connection.  Remembering 
that  the  mastoid  antrum  is  the  one  pneumatic  space  which  is  always  con- 
stant, and  which  really  forms  a  part  of  the  middle  ear,  and  also  that 
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drainage  of  the  middle  ear  through  a  posterior  opening  is  the  result  aimed 
at  in  all  mastoid  operations,  it  is  evident  that  the  mastoid  antrum  is  the 
one  pneumatic  space  which  must  be  reached  by  operation. 

The  mastoid  antrum  is  best  located  by  drawing  two  tangent  lines — 
one  horizontal  line  tangent  to  the  superior  wall  of  the  bony  meatus,  and 
the  other  a  vertical  line,  tangent  to  the  posterior  wall  of  the  bony  meatus. 
The  point  of  intersection  of  these  two  Unes  forms  the  apex  of  a  triangle. 
The  base  of  this  triangle  is  formed  by  the  curvilinear  outline  of  the  bony 
meatus  inclosed  between  these  two  tangent  lines.  This  triangle  marks 
the  aditus  ad  antrum,  that  is,  the  narrow  passage  joining  the  mastoid 
antrum  and  the  tympanic  cavity.  In  order  to  drain  the  middle  ear, 
then,  through  a  posterior  opening,  the  deepest  part  of  the  opening  in  the 
bone  must  lie  within  this  triangle. 

In  performing  the  mastoid  operation  we  must  remember  the  relation 
certain  intracranial  structures  bear  to  the  mastoid  and  middle  ear.  The 
roof  of  the  mastoid  antrum  and  tympanum  form  the  floor  of  the  middle 
cranial  fossa.  While  ordinarily  the  tegmen  tympani  et  antri  is  con- 
siderably higher  than  the  superior  wall  of  the  external  auditory  canal, 
occasionally  the  middle  cranial  fossa  is  exceedingly  low  and  encroaches 
upon  the  superior  wall  of  the  meatus,  so  that  a  horizontal  plane  passing 
through  the  roof  of  antrum  and  tympanum  would  actually  enter  the 
middle  cranial  fossa.  This  occasional  low  position  of  the  middle  cranial 
fossa  must  always  be  borne  in  mind  in  operating  upon  the  mastoid. 

It  will  also  be  remembered  that  the  lateral  sinus  passes  through  the 
mastoid  process.  Under  normal  conditions  the  sigmoid  portion  of  the  lateral 
sinus  is  situated  at  a  sufficient  distance  behind  the  posterior  wall  of  the 
external  auditory  meatus  to  permit  of  a  free  exploration  of  the  mastoid 
and  free  drainage  of  the  tympanic  cavity  through  the  mastoid,  without 
exposure  of  the  sinus.  Ordinarily,  the  descending  portion  of  the  sigmoid 
sinus  lies  at  a  distance  of  about  half  an  inch  behind  the  posterior  margin 
of  the  bony  meatus.  Sometimes  it  is  removed  even  further  backward 
than  this.  Occasionally,  however,  the  sinus  projects  well  forward,  and 
in  two  instances  I  have  seen  the  sinus  in  actual  contact  with  the  posterior 
wall  of  the  external  auditory  canal,  while  in  many  subjects  I  have  seen 
it  separated  from  the  posterior  wall  of  the  canal  by  a  very  short  distance, 
for  instance,  from  an  eighth  to  a  quarter  of  an  inch.  It  can  be  seen, 
therefore,  that  in  operating  upon  the  mastoid  the  region  of  safety  lies 
within  the  small  triangle  already  mentioned.  The  higher  the  operator 
goes  above  the  superior  wall  of  the  meatus,  the  more  is  he  in  danger  of 
encroaching  upon  the  middle  cranial  fossa.  The  farther  he  goes  behind 
the  posterior  margin  of  the  bony  meatus,  the  more  danger  there  is  of  en- 
croaching upon  the  lateral  sinus. 

Bearing  these  points  in  mind,  the  mastoid  operation  is  performed 
as  follows: 

The  field  of  operation  is  thoroughly  sterilized  by  shaving  the  head  for 
a  distance  of  three  inches  from  the  center  of  the  meatus  in  every  direction. 
The  parts  are  scrubbed  in  the  ordinary  way  and  a  sterile  dressing  applied. 
It  is  not  necessary  to  enter  into  details  regarding  the  preparation.    The 
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incision  should  begin  about  a  quarter  of  an  inch  below  the  tip  of  the 
mastoid  process,  should  pass  upward  over  the  tip  of  the  process,  and 
then  follow  the  line  of  auricular  attachment,  the  incision  being  located 
about  a  quarter  of  an  inch  behind  this  line.  The  incision  should  termin- 
ate at  the  superior  attachment  of  the  auricle.  The  incision  should  be 
carried  through  the  integument  and  periosteum,  down  to  the  bone. 
Clamps  should  be  applied  to  all  bleeding  points.  By  means  of  a  perios- 
teum elevator,  the  anterior  flap,  including  the  auricle,  should  be  crowded 
forward,  so  as  to  expose  the  upper  and  posterior  margins  of  the  bony 
meatus.  Posteriorly,  the  periosteum  should  also  be  elevated  so  as  to 
expose  completely  the  surface  of  the  mastoid  process.  Retractors  should 
then  be  inserted,  widely  separating  the  flaps.  The  next  step  is  to  clear 
the  tip  of  the  mastoid  from  the  insertion  of  the  stemomastoid  muscle. 
This  is  best  done  by  blunt  scissors  cur\'ed  on  the  flat,  the  aponeurotic 
insertion  of  the  muscle  being  divided  close  to  the  bone,  until  the  finger 
can  be  passed  completely  beneath  the  tip  of  the  mastoid.  The  next  step 
should  be  to  remove  the  entire  mastoid  cortex.  This  is  best  done  by  a 
large  gouge.  The  bone  is  removed,  preferably,  in  the  long  axis  of  the 
mastoid  process,  the  gouge  being  carried  from  above  do\Miward,  begin- 
ning at  the  level  of  the  superior  wall  of  the  canal,  and  being  carried  down 
to  the  tip,  the  first  groove  being  quite  close  to  the  posterior  wall  of  the 
canal,  and  the  cortex  being  removed  by  successive  furrows  of  the  chisel 
posterior  to  this,  until  its  entire  cellular  structure  is  exposed.  This 
procedure  enables  the  operator  to  map  out  his  future  steps.  The  next 
point  is  to  deepen  the  wound  in  the  bone  in  the  region  of  the  triangle  of 
election,  that  is,  to  enter  the  mastoid  antrum.  This  is  best  done  by  means 
of  gouges  of  var}dng  size,  always  remembering  that  the  larger  the  instru- 
ment which  can  be  used,  the  greater  the  safety  to  the  patient.  In  some 
cases,  after  removing  the  mastoid  cortex,  so  much  disintegration  of  the 
mastoid  cells  will  be  found  that  the  free  use  of  the  curet  will  enable  the 
operator  to  break  down  all  the  pneumatic  structure  of  the  mastoid  and 
to  easily  enter  the  mastoid  antrum.  In  cases  operated  on  early,  however, 
— and  all  cases  should  be  operated  upon  early, — and  also  in  certain  cases 
in  which  the  mastoid  cells  are  poorly  developed,  the  operator  will  have 
no  guide  to  the  mastoid  antrum  except  the  anatomic  landmarks,  namely, 
the  small  triangle  already  mentioned.  It  is  therefore  advisable  to  con- 
stantly bear  in  mind  that  the  deepest  part  of  the  opening  in  the  bone 
should  always  lie  within  this  triangle,  the  opening  in  the  bone  being 
successively  deepened  by  means  of  gouges  and  curets  until  the  mastoid 
antrum  is  entered.  The  operator  knows  that  the  mastoid  antrum  has  been 
entered  from  the  fact  that  a  probe  introduced  into  the  bony  opening 
passes  at  first  upward,  and  then  downward,  forward,  and  inward  until 
it  enters  the  free  cavity  of  the  tympanic  vault.  Having  located  the 
mastoid  antrum,  attention  is  next  turned  to  the  remaining  mastoid  cells. 
These  are  broken  down  by  means  of  the  curet,  care  being  exercised  not  to 
penetrate  the  internal  table  or  to  plunge  the  instrument  through  necrotic 
dura  into  either  the  lateral  sinus  or  the  brain  substance.  As  the  cellular 
structure  is  broken  down,  the  operator  should  gradually  be  able  to  map 
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out  the  course  of  the  groove  of  the  lateral  sinus.  This  runs  in  a  general 
direction,  upward  and  backwani  from  the  tip  of  the  mastoid,  to  a  point 
about  the  level  of  the  superior  wall  of  the  external  auditory  meatus,  where 
it  bends  sharply  backward,  forming  the  knee  of  the  sinus,  the  remaining 
portion  of  the  sinus  running  horizontally  backward  to  the  torcular.  Par- 
ticular attention  should  be  paid  to  those  cells  at  the  tip  of  the  mastoid.  In 
every  acute  case  all  tip  cells  must  be  removed.  The  tip  of  the  mastoid  is 
best  removed  with  rongeur  forceps,  one  blade  of  the  forceps  being  inserted 
beneath  the  tip  of  the  mastoid,  while  the  other  blade  enters  the  cavity 
of  the  mastoid  already  excavated,  the  tip  being  cut  off  by  closing  the 
forceps.  The  tip  cells  should  be  removed  imtil  the  digastric  muscle  is 
brought  plainly  into  view.  In  other  words,  all  those  cells  overlying  the 
digastric  should  be  taken  away.  In  cases  of  extensive  mastoid  develop- 
ment it  is  necessary  to  obUterate  the  entire  pneumatic  structure  of  the 
mastoid.  Cells  will  be  found  extending  backward  toward  the  occiput; 
in  many  cases  they  may  also  be  found  above  the  temporal  ridge  and 
may  extend  forward  into  the  zygoma  or  into  the  squamous  plate  beneath 
the  zygoma.  It  is  imperative  that  all  these  pneumatic  spaces  be  oblit- 
erated and  that  all  overhanging  edges  be  taken  away  by  means  of  the 
rongeur  forceps,  so  as  to  leave  a  comparatively  flat  surface  of  bone  in 
every  direction.  It  is  particularly  important  to  investigate  the  zygo- 
matic cells,  as  frequently  a  focus  of  suppuration  may  be  located  in  them 
and  unless  eradicated,  it  will  cause  a  recurrence  of  the  trouble. 

In  completing  the  work  upon  the  bone  it  is  advisable  to  remove  a  con- 
siderable portion  of  the  posterior  canal  wall.  This  allows  the  anterior 
flap  to  sink  backward  into  the  mastoid  cavity  and  greatly  hastens  the 
process  of  healing  by  favoring  the  early  obliteration  of  the  bony  cavity. 

Where  the  cellular  structure  is  very  well  developed  posteriorly,  it  is 
sometimes  necessary  to  supplement  the  original  curvilinear  incision  by  an 
incision  extending  from  the  center  of  this,  backward  at  right  angles, 
for  a  distance  of  a  half  to  three-quarters  of  an  inch.  This  permits  the 
elevation  of  two  small  flaps  posteriorly  and  gives  wider  access  to  the 
mastoid  cortex.  In  fully  90  per  cent,  of  the  cases  operated  upon,  however, 
this  second  incision  is  absolutely  unnecessar>\ 

The  appearance  of  the  wound  after  complete  obliteration  of  the  pneu- 
matic structure  of  the  mastoid  is  well  shown  in  Fig.  450. 

After  the  cellular  structure  of  the  mastoid  has  been  obliterated,  two 
methods  of  dealing  with  the  wound  are  open  to  the  operator:  The  cavity 
may  be  packed  with  gauze  throughout  and  treated  as  an  open  wound, 
which  is  the  most  conservative  method  of  treatment,  or  the  entire  wound 
may  be  sutured  and  the  cavity  allowed  to  fill  with  blood,  in  the  hope  of 
obtaining  healing  by  means  of  organization  of  the  contained  blood-clot. 

Much  has  been  written  within  the  last  few  years  in  regard  to  this  blood- 
clot  method  of  heaUng.^  The  weight  of  evidence  presented  seems  to  show 
that  most  operators  fail  in  their  attempts  to  completely  close  the  wound 
and  secure  complete  organization  of  the  blood-clot.  This  termination 
we  should  ordinarily  expect,  as  it  seems  almost  impossible  that  a  septic 
cavity  can  be  rendered  so  thoroughly  aseptic  by  operation  as  to  permit 
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of  complete  closure  of  the  wound  and  the  subsequent  organization  of  a 
contained  clot.  I  have  tried  this  method  in  numerous  cases,  and  in 
but  one  single  instance  has  the  result  been  satisfactory.  I  have, 
therefore,  practically  discarded  this  method.  Between  this  method  and 
the  old  procedure  of  packing  the  wound  there  is  a  middle  stage  which 
yields  good  results  in  a  certain  proportion  of  cases.  Instead  of  introducing 
a  tight  packing  into  the  mastoid  cavity  and  permitting  the  wound  to 

heal  entirely  by  granu- 
lation, a  strip  of  iodo- 
form gauze  may  be 
introduced  into  the 
mastoid  antrum,  a  few 
folds  being  allowed  to 
fill  the  space  left  by  the 
obUterated  pneumatic 
cells,  and  the  wound 
closed  by  interrupted 
sutures  throughout  one- 
half  or  three-quarters  of 
its  entire  extent,  de- 
pending upon  the  size 
of  the  bony  cavity  and 
the  amount  of  pus  found 
at  the  time  of  operation. 
When  this  method  is 
employed,  the  dressing 
should  be  changed  on 
the  second  day  after 
operation,  the  stitches 
removed,  and  the  gauze 
packing  taken  out.  In 
very  mild  cases,  after 
the  removal  of  the 
packing,  practically  no 
secretion  will  be  found 
in  the  cavity.  Succes- 
sive lighter  and  lighter 
daily  packings  of  the 
wound,  as  the  cavity 
contracts,  will  bring 
about  a  complete  cure.  This  partial  closure,  with  drainage,  is  appUcable 
to  a  certain  number  of  cases.  The  extent  to  which  the  wound  should  be 
sutured  must  depend  upon  the  extent  to  which  the  mastoid  was  infected. 
Given  ver>'  Uttle  infection,  with  a  small  mastoid,  and  the  wound  may  be 
closed  throughout  a  large  portion  of  its  extent.  But  given  an  extensive 
suppurative  process  within  the  mastoid,  and  the  wound  must  be  treated 
more  as  an  open  wound. 

In  cases  in  which  the  open  method  is  followed,  the  first  dressing  may 


Fio.  450. — Operation  for  Acute  Mastoiditis. 
The  entire  pneumatic  structure  of  the  mastoid  has  been 
broken  down.  The  tip  of  the  mastoid  has  been  removed, 
exposing  the  po8t«rior  belly  of  the  digastric  muscle.  The 
sigmoid  groove  lodging  the  lateral  sinus  is  well  shown.  The 
Evgomatic  cells  have  also  been  obliterated  and  a  portion  of 
the  posterior  wall  of  the  bony  meatus  has  been  taken  away. 
The  deei>est  portion  of  the  bony  cavity  leads  directly  to  the 
aditus  ad  antrum.     (Author's  dissection.) 
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be  left  Tindisturbed  from  two  to  four  days,  if  the  patient  has  no  pain  and 
the  temperature  remains  normal.  An  elevation  of  temperature  of  more 
than  a  degree  and  a  half  always  demands  a  change  of  dressing.  After 
the  primary  dressing  it  is  my  usual  practice  to  dress  these  cases  daily  or 
every  second  day.  I  have  secured  complete  healing  of  a  mastoid  wound 
in  ten  days  after  operation.  Such  a  result,  however,  is  extremely  rare, 
and  the  time  before  the  wound  has  completely  granulated  has  usually 
been  from  four  to  eight  weeks.  If  the  mastoid  cells  are  very  extensively 
developed,  the  period  of  convalescence  may  be  longer. 

Certain  accidents  may  occur  during  the  mastoid  operation  to  which 
attention  must  be  called.  These  are:  first,  injury  of  the  lateral  sinus; 
second,  injury  of  the  meninges;  third,  injury  of  the  facial  nerve.  The 
lateral  sinus  is  frequently  exposed  during  the  mastoid  operation,  but  the 
exposure  of  this  vessel  is  no  menace  to  the  life  of  the  patient.  If,  however, 
the  sinus  is  accidentally  opened,  there  is  some  risk  to  life.  First,  on 
account  of  the  possible  aspiration  of  air  into  the  right  side  of  the  heart 
through  the  opening  in  the  sinus;  second,  severe  hemorrhage — although 
this,  in  competent  hands,  need  never  constitute  a  serious  difficulty;  and, 
third,  possible  infection  of  the  sinus,  with  the  development  of  a  septic 
clot,  which  may  extend  into  the  internal  jugular  vein.  Because  the  sinus 
may  be  accidentally  wounded  by  even  the  most  skilful  operator,  the 
technic  of  operation  previously  described  is  recommended,  namely, 
first,  the  early  decortication  of  the  entire  mastoid,  and,  second,  entrance 
of  the  mastoid  antrum  at  an  early  stage  of  the  operation.  If  these  steps 
are  carried  out,  the  sinus  will  almost  never  be  wounded  early  in  the  oper- 
ation; in  other  words,  most  of  the  pus  will  have  been  evacuated  from  the 
mastoid  prior  to  the  accident,  and  the  dangers  of  infection  will  be  very 
much  lessened.  If  the  sinus  is  wounded,  the  operator  simply  places  his 
finger  over  the  opening  and  controls  the  hemorrhage.  One  extremity 
of  a  strip  of  iodoform  gauze,  about  half  an  inch  wide,  is  folded  several 
times  upon  itself  so  as  to  make  a  small,  firm  compress  or  pad.  This  is 
grasped  in  the  thumb  forceps  and  is  carried  beneath  the  finger  of  the 
operator.  Firm  pressure  with  this  pad  of  gauze  will  absolutely  control  the 
hemorrhage.  It  is  surprising  how  small  a  compress  is  necessary  to  control 
even  what  seems  to  be  a  severe  hemorrhage  from  the  sinus.  This  bit  of 
gauze  is  held  in  position  with  the  thumb  forceps,  in  the  hands  of  an 
assistant,  while  the  operator  proceeds  to  complete  the  operation. 

If  the  lateral  sinus  has  been  wounded  care  should  be  taken  in  the 
dressing  of  the  mastoid  wound,  to  pack  off,  first,  the  mastoid  antrum 
and  the  cells  by  one  gauze  packing,  to  pack  off  the  sinus  area  by  a  second 
gauze  packing,  and  then  to  introduce  what  may  be  termed  a  "separation" 
packing  between  these  two,  so  as  to  prevent  possible  infection  of  the  sinus 
from  the  suppurating  cells.  Of  course,  if  the  sinus  has  been  wounded, 
it  will  be  impracticable  to  completely  close  the  posterior  wound  by  suture. 

It  is  important  to  have  the  sinus  wound  in  such  a  position  that  it  can 
be  easily  seen  at  the  first  and  subsequent  dressings.  In  cases  where  the 
sinus  has  been  wounded,  the  first  dressing  is  not  changed  until  the  fourth 
or  fifth  day,  unless  a  rise  in  temperature  renders  a  change  of  dressing 
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imperative.  At  this  time  the  careful  removal  of  the  pledget  of  gauze 
covering  the  sinus  is  scarcely  ever  followed  by  any  hemorrhage,  although 
I  have  seen  the  vessel  bleed  as  late  as  the  sixth  or  seventh  day  after  oper- 
ation. In  no  instance  where  this  plan  of  treatment  has  been  carefully 
followed  out  have  I  ever  seen  infection  of  the  sinus  follow  an  accidental 
wound  of  the  vessel. 

Perforation  of  the  dura  in  the  middle  cranial  fossa,  or,  occasionally, 
in  the  cerebellar  fossa,  is  a  rare  accident.  It  may  occur  from  the  in- 
judicious use  of  the  gouge  or  curet.  In  one  instance  of  this  kind  which 
came  under  my  observation  a  small  rent  was  made  in  the  dura  in  removing 
a  spicule  of  bone.  This  case  made  a  prompt  recover}',  an  isolation  pack- 
ing being  employed  over  the  region  of  the  dural  wound,  in  exactly  the 
same  manner  as  is  used  when  the  lateral  sinus  is  opened.  Careful  technic 
will  ordinarily  prevent  any  serious  result  from  either  of  these  two  acci- 
dents. 

Injur}'^  of  the  facial  nerve  is  exceedingly  rare  during  a  mastoid  oper- 
ation. I  have  seen  this  nerve  injured  once  in  over  five  hundred  cases  of 
which  I  have  records.  If  it  is  remembered  that  the  aqueductus  Fallopii 
forms  the  floor  of  the  aditus  ad  antrum,  and  if,  in  curetting  the  aditus, 
the  curet  is  always  turned  either  upward,  forward,  or  backward,  but 
never  downward,  the  nerve  cannot  be  injured. 

A  few  words  may  be  added  in  regard  to  the  operation  in  verj-  young 
children.  In  young  infants  it  must  be  remembered  that  the  mastoid 
antrum  is  the  sole  mastoid  cell  developed.  Also  that,  owing  to  the  absence 
of  the  bony  canal,  the  mastoid  antrum  lies  at  a  considerably  lower  level 
than  the  line  of  superior  auricular  attachment.  It  should  be  remembered, 
in  operating  upon  young  infants,  that  it  is  imperative  to  expose  the  tym- 
panic ring,  in  every  instance,  before  attempting  to  enter  the  mastoid  cortex, 
and  that  the  cortex  should  be  entered  just  behind  the  posterior  tympanic 
spine.  Most  operators,  in  operating  upon  infants,  open  the  bone  at  too 
high  a  level,  and  in  this  way  may  enter  the  middle  cranial  fossa.  It  should 
also  be  borne  in  mind,  in  operating  upon  young  infants,  that  ossification 
has  not  yet  taken  place  along  the  sutural  lines,  and  that  if  firm  pressure 
is  made  with  the  knife,  either  in  making  the  primary  incision,  or  with  the 
periosteum  elevator  in  lifting  the  periosteum,  the  cranial  cavity  may  be 
entered  at  one  of  the  sutural  lines.  Too  firm  pressure  must  not,  therefore, 
be  made  upon  the  knife,  nor  must  the  periosteum  be  elevated  with  undue 
violence.  * 

Another  point  of  practical  importance  is  that  in  doing  a  secondary 
mastoid  operation  upon  cases  previously  operated  upon  the  incision 
should  always  lie  behind  the  pre\dous  cicatrix,  and  should  always  be  made 
upon  firm,  healthy  bone.  If  this  rule  is  not  followed,  and  the  lateral 
sinus  or  dura  has  been  exposed  in  the  previous  operation,  the  operator 
may  at  the  first  incision  wound  either  the  sinus  or  the  dura,  and  be  greatly 
handicapped  in  the  further  conduct  of  his  operation. 

The  Radical  Operation  for  Chronic  Middle-ear  Suppuration. — 
This  operation  is  applicable  to  all  cases  of  chronic  suppuration  of 
the  middle  ear.     It  has  for  its  object  the  conversion  of  the  tympanic 
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cavity,  mastoid  cells,  and  the  external  auditory  canal  into  one  large 
cavity,  easy  access  to  which  can  be  obtained  through  the  external  auditory 
meatus,  which  is  enlarged  by  the  operative  procedure.  In  the  course 
of  repair  this  operative  cavity  is  completely  dermatized.  This  prevents 
recurrent  attacks  of  suppuration,  and  also  guards  against  all  danger  of 
intracranial  infection. 

In  addition  to  its  employment  for  the  relief  of  chronic  suppuration, 
this  operation  also  is  employed  successfully  for  the  relief  of  cases  of  ac- 
quired atresia  of  the  external  auditory  canal,  due  to  a  previous  suppu- 
rative process.  It  is  in  these  cases  of  acquired  atresia  that  operative 
interference  may  be  followed  by  good  results.  The  operation  is  per- 
formed as  follows: 

The  preparation  of  the  patient  is  the  same  as  for  the  ordinary  mastoid 
operation.  The  incision  begins  at  a  point  over  the  tip  of  the  mastoid 
process  and  extends  upward  and  backward,  following  the  curvilinear 
line  of  auricular  attachment  upward  to  the  superior  attachment  of  the 
auricle.  This  incision  is  located  somewhat  further  behind  the  line  of 
auricular  attachment  than  in  performing  the  ordinar\'  mastoid  operation. 
It  is  my  practice  to  make  this  incision  about  half  an  inch  behind  the  line 
of  attachment  of  the  auricle.  The  soft  parts  are  divided  with  a  single 
sweep  of  the  knife  down  to  the  bone,  and  the  anterior  flap,  composed 
of  soft  parts,  periosteum,  and  auricle,  is  rapidly  elevated,  the  bleeding 
points  being  caught  with  pressure  forceps  in  the  usual  manner.  If  the 
incision  is  placed  half  an  inch  behind  the  line  of  auricular  attachment, 
the  posterior  flap  need  only  be  slightly  elevated.  The  anterior  flap  is 
retracted  until  the  upper  and  posterior  margins  of  the  bony  meatus  are 
clearly  exposed.  Then  with  the  narrow  periosteum  elevator  the  fibro- 
cartilaginous canal  is  separated  from  the  bony  meatus  along  the  superior, 
posterior,  and  inferior  walls,  the  dissection  being  carried  carefully  inward, 
as  close  to  the  drum  membrane  as  possible,  care  being  exercised  not  to 
rupture  the  fibrocartilaginous  tube  until  this  dissection  has  been  carried 
close  to  the  drum  membrane.  Next,  with  a  full-sized  gouge  the  cortex 
of  the  mastoid  is  rapidly  removed  from  the  posterior  wall  of  the  meatus 
backward  for  a  considerable  distance.  In  other  words,  the  meatus  is 
gradually  enlarged  behind  by  the  removal  of  successive  lamina*  of  bone  and, 
at  the  same  time,  the  wound  behind  gradually  deepened  in  the  region  of 
the  meatus.  The  mastoid  antrum  is  then  entered  with  a  smaller  gouge, 
the  point  of  entrance  being  the  suprameatal  triangle — the  one  described 
as  the  region  of  election  in  speaking  of  the  mastoid  operation.  After 
the  antrum  has  been  entered  the  operator  then  proceeds  to  break  down 
the  remainder  of  the  posterior  wall  of  the  external  auditory  canal,  and 
also  the  outer  wall  of  the  tympanic  vault,  that  is,  the  inner  extremity 
of  the  superior  wall  of  the  external  auditor}'  meatus.  This  procedure 
is  best  performed  either  under  direct  illumination  by  means  of  the  fore- 
head headlight  or  under  illumination  with  the  head-mirror.  The  re- 
moval of  the  external  wall  of  the  tympanic  vault,  that  is,  the  inner  ex- 
tremity of  the  superior  wall  of  the  bony  canal,  and  the  removal  of  the 
postero-superior  wall  of  the  meatus,  is,  perhaps,  one  of  the  most  difficult 
VOL.  IV — ^53 
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parts  of  the  operation.  If  the  posterior  wall  is  removed  at  too  low  a 
level,  there  is  danger  of  injuring  the  horizontal  semicircular  canal  and  the 
aqueductus  Fallopii,  lodging  the  facial  nerve.  If  in  the  removal  of  the 
inner  extremity  of  the  meatus  the  gouge  is  directed  upward  and  inward 
at  too  sharp  an  angle,  there  is  danger  of  passing  completely  through  the 
roof  of  the  tympanum  and  of  entering  the  middle  cranial  fossa.  It  is 
therefore  better,  in  every  case,  to  enter  the  mastoid  antrum,  as  first  de- 
scribed, and  then  to  break  down  the  outer  wall  of  the  tympanic  vault  with 
the  gouge  until  the  tympanic  vault  and  antrum  communicate  freely. 
Next,  all  overhanging  bony  edges  may  be  removed  by  means  of  the  curet. 
The  horizontal  semicircular  canal  will  then  be  seen  forming  the  floor  of  the 
aditus  ad  antrum.  It  should  be  remembered  that  the  facial  nerve  lies  just 
below  the  curved  prominence  of  the  horizontal  semicircular  canal.  The 
malleus  and  incus,  or  what  remains  of  them,  will  next  be  seen  in  the  tym- 
panic vault.  These  should  be  removed  either  by  means  of  the  curet  or  by  the 
forceps.  The  hemorrhage  during  the  operation,  while  never  severe,  may  be 
sufficiently  profuse  to  obscure  the  deeper  portion  of  the  wound,  and  render 
the  operation  tedious.  The  operation  is  greatly  facilitated  if  the  cavity 
is  packed  from  time  to  time  with  strips  of  gauze  saturated  in  a  1 :  1000 
adrenalin  chlorid  solution.  Such  a  firm  packing,  left  in  position  for  a 
few  moments,  i\dll  completely  exsanguinate  the  walls  of  the  cavity,  and 
\\dll  permit  of  a  thorough  and  complete  inspection  of  the  entire  field. 
The  bony  cavity  should  then  be  carefully  explored  by  means  of  the  probe 
and  all  softened  areas  should  be  removed  by  the  curet.  Having  brought 
into  view  the  prominence  of  the  horizontal  semicircular  canal,  the  operator 
then  proceeds  to  remove  what  remains  of  the  posterior  wall  of  the  bony 
canal,  as  close  to  the  floor  of  the  external  auditory  meatus  as  possible, 
it  being  borne  in  mind  that  the  facial  nerve  lies  in  the  aqueductus  Fallopii, 
just  below  the  horizontal  semicircular  canal,  and  then  passes  backward^ 
downward,  and  slightly  outward  to  its  exit  at  the  stylomastoid  foramen. 
It  therefore  hugs  the  posterior  wall  of  the  canal  closely  for  the  lower  two- 
thirds  of  its  vertical  diameter,  at  its  inner  extremity.  It  is  accordingly 
safe  to  remove  the  posterior  wall  of  the  canal  to  the  level  of  the  floor  of 
the  meatus  for  the  outer  two-thirds  of  its  extent.  From  this  level  a  spur 
should  be  left,  gradually  sloping  upward  to  join  the  prominence  of  the 
horizontal  semicircular  canal.  In  removing  the  posterior  wall  of  the 
meatus  it  should  be  remembered  that  this  wall  projects  anteriorly  for  a 
varying  distance  in  different  subjects,  covering  what  is  known  as  the  "  pos- 
terior tympanic  space.''  In  a  chronic  suppurative  otitis  this  space  is  very 
frequently  the  site  either  of  granulation  tissue  or  of  a  cholesteatomatoua 
deposit.  The  posterior  tympanic  space  should,  therefore,  be  obliterated,, 
either  by  the  cautious  use  of  the  gouge  or  by  means  of  the  curet.  As 
the  facial  nerve  is  separated  from  the  posterior  tympanic  space  only  by  a 
very  thin  layer  of  bone,  great  care  must  be  exercised  in  using  either  the 
gouge  or  curet  in  this  region.  We  are  certain  that  this  projecting  portion 
of  the  posterior  wall  of  the  canal  has  been  completely  removed  when  a  bent 
probe,  passed  into  the  tympanum  and  over  the  internal  wall  of  the  middle 
ear,  can  be  drawn  outward  along  the  posterior  wall  of  the  meatus  without 
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catching  upon  any  obstruction.  We  are  also  cognizant  of  the  fact  that 
the  posterior  tympanic  space  has  been  obliterated  by  the  free  view  which 
we  obtain  of  the  stapes,  if  this  still  remains,  or  of  the  oval  window,  in  case 
the  stapes  has  been  destroyed.  The  lower  portion  of  the  tympanic  cavity 
also  demands  attention..  The  floor  of  the  middle  ear  lies  at  a  slightly 
lower  level  than  the  floor  of  the  external  auditory  meatus,  and  in  order  to 
cause  a  complete  dermatization  of  the  newly  formed  cavity,  the  hypo- 
tympanic  space  must  be  completely  obliterated.  This  is  accomplished 
by  the  cautious  use  of  the  curet  at  the  inner  extremity  of  the  meatus, 
the  floor  of  the  canal  being  gradually  cut  away  to  the  level  of  the  floor  of 
the  tympanic  cavity.  Care  is  necessary  in  this  manipulation,  as  the  dome 
of  the  jugular  bulb  may  be  exceedingly  high,  and  may  encroach  upon 
the  floor  of  the  hypotympanic  space  or  even  upon  the  floor  of  the  canal. 
In  one  instance  I  wounded  the  dome  of  the  bulb  in  obliterating  the  hypo- 
tympanic  space.  On  the  anterior  wall  of  the  tympanic  cavity  it  is  nec- 
essary to  remember  the  orifice  of  the  Eustachian  tube.  In  order  to  ob- 
tain a  successful  result  in  the  radical  operation,  the  tympanic  orifice  of 
the  tube  must  be  thoroughly  curetted,  so  that  this  orifice  may  be  com- 
pletely obUterated  during  the  process  of  repair  and  all  communication 
with  the  nasopharynx  cut  off.  This  is  best  done  by  curetting  the  mouth 
of  the  tube  with  a  small  curet,  the  cutting-edge  of  the  instrument  being 
directed  anteriorly  and  superiorly.  If  the  curet  is  directed  either  back- 
ward or  downward,  there  is  danger  of  wounding  the  internal  carotid 
arter}'. 

It  is  necessary,  in  order  to  obtain  a  successful  result,  that  all  infectious 
areas  should  be  removed  from  the  middle  ear  and  mastoid.  In  some 
cases  the  suppurative  process  will  be  Umited  to  the  tympanic  vault,  the 
mastoid  antrum,  and  those  cells  lying  in  immediate  relation  to  the  middle 
ear  and  antrum.  In  other  cases,  however,  we  find  that  all  of  the  cells  of 
the  mastoid  are  involved.  In  these  cases  it  is  necessary,  in  addition  to 
the  exenteration  of  the  tympano-mastoid  cavity,  already  described,  to 
obliterate  the  entire  pneumatic  structure  of  the  mastoid  as  well,  removing 
the  cells  at  the  tip  and  as  far  backward  as  the  cellular  structure  extends, 
in  order  to  thoroughly  remove  every  trace  of  disease.  In  the  majority 
of  cases  in  which  the  radical  operation  is  performed  the  disease  is  limited 
to  the  region  of  the  mastoid  antrum,  and  the  tip  cells  are  not  involved. 
In  quite  a  large  proportion  of  cases,  however,  the  entire  mastoid  is  dis- 
eased, and  complete  ablation  of  the  mastoid,  with  the  obHteration  of 
all  its  cellular  structure,  must  be  performed  if  a  complete  cure  is  to  be 
hoped  for.  The  operator  should  not  hesitate,  in  performing  the  radical 
operation,  to  expose  the  lateral  sinus,  if  the  cells  over  this  seem  diseased, 
and  the  same  may  be  said  of  the  dura  in  the  middle  cranial  fossa.  In 
fact,  many  operators  remove  the  roof  of  the  tympanum  and  mastoid 
antrum  in  every  case  of  chronic  suppuration,  as  a  routine  procedure. 

In  a  certain  number  of  cases  the  suppurative  process  is  not  limited 
to  the  middle  ear,  but  extends  into  the  labyrinth.  Sometimes  the  symp- 
toms of  labyrinthine  involvement  are  sufficiently  pronounced  to  enable 
the  surgeon  to  make  a  proper  diagnosis  prior  to  the  operation.    As 
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already  mentioned  in  the  earlier  pages,  in  considering  chronic  suppuration 
of  the  middle  ear,  vertigo  may  be  a  prominent  symptom.  In  every  case 
in  which  vertiginous  symptoms  are  pronounced  the  surgeon  should,  at 
the  time  of  operation,  search  most  carefully  for  a  perforation  of  the  hori- 
zontal semicircular  canal  or  for  any  evidences  of  jsuppuration  of  the  laby- 
rinth, as  evidenced  by  a  discharge  of  pus  either  from  any  one  of  the 
semicircular  canals  or  from  the  oval  window.  Granulations  about  the 
oval  window  are  exceedingly  significant  of  possible  labyrinthine  suppu- 
ration. These  should  be  carefully  removed  by  means  of  the  curet,  and  if 
the  oval  window  is  found  open,  and  especially  if  pus  can  be  seen  to  flow 
from  it,  it  will  be  necessary  to  thoroughly  drain  the  labyrinth,  in  order  to 
secure  a  successful  result.  The  same  remark  applies  if  a  fistulous  opening 
is  found  in  the  horizontal  semicircular  canal.  The  extent  of  the  operative 
procedure  upon  the  labyrinth  depends  upon  the  extent  of  involvement. 
If  only  a  small  area  of  one  of  the  semicircular  canals  is  found  to  be  carious, 
it  will  be  sufficient  to  curet  away  this  carious  area,  open  the  lumen  of  the 
canal  for  a  sufficient  distance  to  secure  free  drainage,  and  to  pack  off  this 
infected  area  with  a  strip  of  iodoform  gauze.  Naturally,  with  caries  in 
this  region,  primary  grafting  of  the  cavity  would  be  out  of  the  question. 
If  a  semicircular  canal  contains  considerable  pus,  or  if  pus  is  seen  flowing 
from  the  oval  window,  it  is  wise  to  destroy  the  labyrinth  with  fair  com- 
pleteness, in  order  to  secure  free  drainage.  If  there  is  involvement  of  a 
semicircular  canal  and  the  vestibule  as  well,  the  outer  wall  of  the  canal 
should  be  thoroughly  curetted  away,  so  as  to  freely  open  its  lumen. 
Sufficient  bone  should  be  removed  to  admit  of  a  probe  being  carried 
through  the  canal  into  the  vestibule.  It  is  then  wise  to  enlarge  the  oval 
window  in  a  direction  downward  and  forward,  so  as  to  thoroughly  drain  the 
entire  labyrinth.  If  the  opening  of  the  oval  window  is  enlarged  upward, 
the  integrity  of  the  facial  nerve  vdW  be  in  danger,  consequently  any  en- 
largement of  the  oval  window  must  be  in  a  direction  downward  and 
forward.  In  other  words,  the  prominence  which  forms  the  outer  wall 
of  the  first  turn  of  the  cochlea  must  be  taken  away.  Sufficient  bone  must 
be  removed  in  every  instance  to  completely  drain  the  infected  area.  If 
care  is  taken  not  to  remove  the  inferior  wall  of  the  horizontal  semicircular 
canal,  while  at  the  same  time  the  oval  window  is  not  enlarged  upward, 
complete  drainage  of  the  labyrinth  may  be  secured  without  interfering 
with  the  facial  nerve.  In  any  case  in  which  labyrinthine  drainage  is  re- 
quired, primary  grafting  cannot  be  employed  in  concluding  the  radical 
operation.  It  is  necessar\^  that  all  suppuration  in  this  region  should 
be  thoroughly  cured  before  the  cavity  can  be  covered  with  skin  grafts. 

The  next  step  is  the  enlargement  of  the  external  auditor}^  meatus  by 
a  plastic  operation,  so  that  all  parts  resulting  from  the  operation  may  be 
thoroughly  accessible  through  the  external  auditor>'^  meatus. 

Several  methods  are  in  vogue  for  forming  this  flap.  Some  operators 
prefer  to  spUt  the  external  auditory  meatus  by  a  median  longitudinal 
incision,  from  its  inner  extremity  well  out  to  the  middle  of  the  concha,  and 
then  to  make  one  incision  upward  and  another  downward  through  the 
entire  thickness  of  the  concha  at  right  angles  to  this  incision.     On  dis- 
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secting  out  the  cartilage  two  flaps  are  formed — one  which  is  stitched 
upward  upon  itself,  and  the  other  downward,  thus  increasing  the  caliber 
of  the  meatus.  At  the  same  time  the  reflected  cutaneous  edges  will,  on 
replacement  of  the  auricle,  and  the  apposition  of  the  margins  of  the  pos- 
terior incision,  form  a  cutaneous  Uning  for  a  portion  of  the  radical  cavity. 
This  method  is  known  as  the  "  Pause  method." 

Another  method  is  to  make  one  incision  along  the  supero-posterior 
aspect  of  the  meatus,  extending  this  incision  well  out  into  the  concha, 
and  a  similar  incision  along  the  postero-inferior  aspect.  This  gives  a 
quadrilateral  flap  from  which  the  cartilage  may  be  dissected,  and  allows 
of  the  displacement 
of  a  tongue-shaped 
flap  of  integument 
inward,  partially 
lining  the  bony 
cavity.  This  is 
"  Komer's  method  .* ' 
The  flap  which  I 
have  employed 
in  all  of  my  op- 
erations  is  a 
modification  of  the 
flap  advocated  by 
Mr.  Charles  A.  Bal- 
lance,  of  London, 
and  consists  in 
splitting  the  fibro- 
cartilaginous mea- 
tus along  its  infe- 
rior aspect  as  far  as 
the  meatus.  The 
knife  is  then  car- 
ried upward  and 
backward,  cutting  a 
tongue -shaped  flap 
from  the  concha. 
The  extent  of  the 

flap  cut  from  the  concha  depends  upon  the  size  of  the  radical  cavity 
formed,  and  also  upon  the  degree  of  infection  found  in  the  individual  case. 
If  the  radical  cavity  is  very  large,  a  very  large  flap  must  be  cut  from  the 
concha.  If  the  cavity  is  small,  and  the  infection  has  not  been  severe,  a 
smaller  flap  will  do.  The  incision  in  the  concha  is  carried  upward  as  far 
as  the  anterior  cms  of  the  antihelix.  All  cartilage  is  dissected  out  from  this 
flap,  preferably  by  elevating  the  integument  in  the  concha  and  dissecting 
the  cartilage  out  with  the  auricle  in  its  normal  position.  Exceptionally, 
this  dissection  is  best  made  by  retracting  the  tongue-shaped  flap  into  the 
posterior  opening  and  removing  the  cartilage  through  the  opening.  In 
all  cases  in  which  the  suppurative  process  has  been  very  extensive  con- 


Fio.  451. — The  Radical  Operation  for  Chronic  Middle-ear 
Suppuration. 
The  Ulustration  shows  the  complete  exenteration  of  the  tympan- 
omastoid cavity.  The  horisontal  nemicircula.  canal  and  facial  spur 
are  well  shown.  Also  the  ovid  and  round  windows.  The  concna- 
meatal  flap  is  also  shown  stitched  in  position  (Author's  dissection). 
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siderable  thickening  of  the  upper  portion  of  the  meatus  will  be  found. 
This  thickened  fibrous  tissue  is  removed  as  well  as  the  cartilage.  After 
the  skin  flap  has  been  formed  (see  Fig.  451)  it  is  reflected  upward  and  back- 
ward, and  its  raw  surface  stitched  to  the  corresponding  raw  surface  of  the 
anterior  flap.  In  this  way  a  tegumental  lining  for  the  upper  and  posterior 
portion  of  the  radical  cavity  is  formed. 

The  cicatrization  of  the  cavity  left  after  the  radical  operation  is  greatly 
accelerated  by  lining  the  cavity  completely  by  a  large  Thiersch  graft 
at  the  time  of  the  operation.  This  graft  should  be  of  sufficient  size  to 
cover  entirely  the  tympanum,  tympanic  vault,  mastoid  antrum,  and 
entire  mastoid  cavity  exposed  at  the  time  of  operation.  It  is  much 
better  to  employ  one  large  single  graft  than  to  attempt  to  apply  several 
small  grafts  to  the  cavity.  Mr.  Ballance,  in  his  admirable  articles  on 
this  subject,  has  advocated  grafting  as  a  secondary  procedure.  This,  I 
believe,  is  unnecessary  in  quite  a  large  proportion  of  cases,  as  the  graft 
can,  in  most  instances,  be  introduced  at  the  time  of  the  operation,  and  in 
this  way,  the  patient  is  spared  the  necessity  of  a  second   anesthesia. 

If  primary  grafting  is  to  be  employed,  the  procedure  will  be  greatly 
facilitated  by  packing  the  bony  cavity  with  a  strip  of  gauze  moistened 
in  a  1  :  1000  adrenalin  chlorid  solution,  leaving  the  strip  in  position  while 
the  grafts  are  being  cut.  It  has  also  been  my  practice,  when  oozing  from 
the  cutaneous  flaps  has  been  troublesome,  to  pack  the  cutaneous  wound 
in  the  same  manner.  By  the  time  the  Thiersch  grafts  are  ready — and 
these  are  taken  from  the  thigh  in  the  usual  manner — the  entire  operative 
field  will  be  found  absolutely  dr5-\  In  inserting  the  Thiersch  grafts  the 
method  first  suggested  by  Mr.  Ballance  is  the  ideal  procedure.  A  large 
graft  is  placed  upon  the  spatula  (Fig.  452,  e)  or  upon  a  glass  slide,  and 
this  graft  is  slid  over  the  entire  cavity  so  as  to  bridge  it,  as  it  were.  The 
graft  is  then  slightly  pressed  inward  at  its  center  by  means  of  the  probe 
until  it  roughly  fills  the  cavity.  A  glass  pipet  is  then  introduced  beneath 
the  edge  of  the  graft,  and  by  means  of  suction  the  air  is  exhausted  from 
the  cavity.  The  graft  is  immediately  crowded  inward  by  atmospheric 
pressure,  so  that  the  entire  i:adical  cavity  is  lined  with  the  graft.  In 
using  the  pipet  the  instrument  is  first  introduced  into  the  lower  and  an- 
terior portion  of  the  cavity,  directly  over  the  Eustachian  tube.  When 
the  air  is  exhausted,  the  graft  drops  in  over  the  facial  ridge,  lines  the 
entire  lower  portion  of  the  middle-ear  cavity,  and  closes  the  opening 
in  the  Eustachian  tube.  The  pipet  is  then  cautiously  withdrawn  along 
either  the  floor  or  anterior  wall  of  the  cavity,  and  is  inserted  posteriorly 
above  the  facial  ridge  so  as  to  exhaust  the  air  beneath  the  graft  in  the 
region  of  the  tympanic  vault  and  antrum.  The  suction  on  the  pipet  is 
kept  up  as  the  instrument  is  withdrawn,  in  order  to  remove  all  air-bubbles. 
If  the  procedure  is  skilfully  performed,  the  entire  operative  cavity  will 
be  seen  to  be  covered  completely  by  the  thin  Thiersch  graft.  In  certain 
places  an  air-bubble  will  be  found  separating  the  graft  from  the  wall  of  the 
bony  cavity.  This  air-bubble  should  be  removed  by  introducing  the  pipet 
cautiously  a  second  or  even  a  third  time,  exhausting  the  air.  When  the 
graft  thoroughly  lines  the  cavity,  it  is  held  in  position  by  pledgets  of  cotton 
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impregnated  with  aristol  or  some  similar  powder.  These  pledgets  are 
packed  in  lightly  until  the  entire  cavity  is  filled,  and  the  graft  is  pressed 
gently  against  the  walls  of  the  cavity  in  every  direction.  The  raw  surface 
left  by  cutting  the  conchal  flap  is  next  grafted.  This  may  be  done  before 
the  posterior  woimd  is  sutured,  by  introducing  a  Thiersch  graft  into  the 
posterior  wound  and  wrapping  it  about  the  cut  margin  of  the  concha, 
so  that  one  edge  of  the  graft  lies  just  within  the  posterior  wound  and  the 
other  edge  projects  from  the  orifice  of  the  external  auditory  meatus, 
the  graft  being  wrapped  around  the  cut  edge.  This  is  undoubtedly  the 
procedure  of  election. 

In  cases  in  which  secondary  grafting  is  to  be  performed,  the  technic 
of  the  operation  is  exactly  the  same,  only  the  procedure  is  carried  out 
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Fio.  452. — Ballance'b  Instruments  for  Skin  Grafting  (Dench). 
A,  Large  razor  for  cutting  grafts;    B,  pipets  for  removal  of  air  and  blood  from  beneath  the 
grafts  when  in  position;   C.  needle  for  manipulating  i^ft;    D,  blunt  instrument  for  pressing  graft 
on  bony  wall  and  for  packing  pledgets  into  tympanic  cavity  to  hold  grafts  in  position;  E,  broad 
spatuls  upon  which  graft  is  spread  and  from  which  it  is  carried  into  the  tympanic  cavity. 

from  three  to  ten  days  after  the  primary  operation.  Whether  grafting 
is  employed  either  primarily,  or  whether  the  operator  decides  to  allow 
the  cavity  to  heal  by  dermatization  from  without  inward,  the  posterior 
wound  is  closed  completely  in  every  case  of  radical  operation,  except  in 
those  cases  in  which  there  has  been  a  considerable  exposure  of  the  lateral 
sinus  and  where  the  disease  in  the  region  of  the  sinus  has  been  so  ex- 
tensive as  to  render  it  unsafe  to  completely  close  the  posterior  opening. 
In  these  cases  the  posterior  wound  is  closed  throughout  the  greater  portion 
of  its  extent,  and  a  small  strip  of  iodoform  gauze  is  introduced  over  the  sinus 
and  brought  out  at  the  lower  angle  of  the  posterior  wound.  Personally, 
I  never  do  a  complete  primary  grafting  of  the  tympanic  cavity  in  cases  in 
which  there  has  been  any  considerable  exposure  either  of  the  lateral  sinus 
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or  of  the  dura  in  the  middle  cranial  fossa.  I  believe  that  grafting  would 
be  perfectly  safe  in  the  very  large  proportion  of  these  cases.  In  a  very 
small  proportion  of  cases,  however,  such  a  procedure  might  be  followed 
by  infection  of  the  intracranial  structures,  and,  therefore,  I  do  not  em- 
ploy it  as  a  routine  procedure  when  there  has  been  an  extensive  exposure 
of  sinus  or  dura.  In  cases  in  which  there  has  been  verj'  extensive  de- 
struction of  bone  in  the  middle  ear,  and  in  which  there  seems  to  be  some 
doubt  as  to  the  possibility  of  removing  every  vestige  of  the  disease  at 
the  time  of  the  primary  operation,  I  am  inclined  to  allow  the  case  to  heal 
either  by  dermatization  from  without, — that  is,  to  simply  pack  the  ex- 
ternal auditory  meatus  with  iodoform  gauze,  after  suture  of  the  posterior 
wound,  and  allow  the  case  to  proceed  without  further  interference, — or 
I  employ  a  secondary  grafting  about  ten  days  after  the  primary  operation. 
In  employing  a  secondary  graft,  we  have  an  opportunity  of  again  in- 
specting the  cavity  under  anesthesia,  and  if  any  trace  of  disease  has  been 
left,  of  eradicating  this  prior  to  the  application  of  the  graft.  In  applying 
the  secondary  graft  it  is  only  necessary  to  gently  curet  the  fresh  granu- 
lations which  have  formed  in  the  middle  ear  during  the  period  that  has 
elapsed  since  the  primary  operation,  check  the  hemorrhage  by  the  use 
of  either  hydrogen  peroxid  or  adrenalin  chlorid,  and  then  apply  the  graft 
in  the  manner  already  described.  Although  in  every  case  the  posterior 
wound  is  sutured  at  the  time  of  the  primary  operation,  this  posterior 
incision  is  easily  broken  down,  even  ten  days  after  the  operation,  by 
simple  traction  on  the  auricle  and  the  use  of  a  blunt  dissector  along  the 
line  of  incision.  After  the  secondary  graft  has  been  introduced  the  line 
of  incision  is  again  sutured,  the  dressing  being  exactly  the  same  as  that 
employed  after  the  primary  grafting.  In  cases  of  extensive  exposure, 
either  of  the  dura  in  the  middle  cranial  fossa  or  over  the  lateral  sinus, 
as  before  stated,  primary  grafting  is  not  employed.  In  these  cases  the 
dural  area  is  isolated  by  a  strip  of  iodoform  gauze  packing  and  a  second 
strip  of  iodoform  gauze  isolates  the  remainder  of  the  operative  cavity. 
Both  of  these  strips  are  brought  out  at  the  external  auditory  meatus 
and  the  posterior  wound  is  sutured.  In  these  cases  I  have  found  it  ad- 
visable to  apply  a  graft  through  the  external  auditor}'^  meatus  at  the 
time  of  the  primary  operation  after  suture  of  the  posterior  wound.  This 
graft  is  introduqed  so  as  to  cover  completely  the  margin  of  the  concha, 
cut  in  the  formation  of  the  flap,  and  also  that  portion  of  the  floor  of  the 
meatus  incised  during  this  procedure.  This  graft  is  easily  sHd  into  position 
and  is  held  in  place  by  a  packing  of  sterile  gauze.  A  similar  meatal 
graft  may  be  employed  in  cases  in  which  primar}'  grafting  is  used,  in- 
stead of  inserting  the  meatal  graft  posteriorly,  if  the  operator  prefers. 
It  is  of  great  importance  to  employ  a  meatal  graft  in  every  case,  as  in  this 
way  the  formation  of  granulations  about  the  margin  of  the  enlarged 
meatus  is  avoided,  and  the  patient  is  spared  much  pain  during  the  pro- 
cess of  healing. 

Regarding  the  results  of  the  radical  operation,  I  can  say  that  in  a 
series  of  over  two  hundred  and  fifty  cases  complete  cure  has  resulted 
in  over  85  per  cent. 
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Regarding  the  function  of  the  organ,  the  hearing  has  been  made 
worse  in  less  than  2  per  cent,  of  the  cases.  It  has  been  much  improved 
in  quite  a  large  proportion,  and  in  the  balance  the  hearing  has  remained 
the  same  as  before  the  operation. 

Intracranial  Complications  of  Middle-ear  Suppuration.— The 
intracranial  complications  of  middle-ear  suppuration  comprise,  first, 
general  meningitis;  second,  localized  meningitis  or  epidural  abscess; 
third,  sinus  thrombosis;  and,  fourth,  brain  abscess.  Under  brain  ab- 
scess we  have  to  consider,  first,  cerebral  abscess,  and  second,  cerebellar 


In  this  chapter,  at  the  request  of  the  editor,  these  intracranial  com- 
plications can  only  be  considered  most  briefly.  A  more  complete  con- 
sideration will  be  found  in  the  chapter  on  the  Surgery  of  the  Head, 
Chapter  XXXVI  in  Vol.  III. 

From  an  otologic  standpoint,  while  any  of  these  intracranial  com- 
plications may  follow  acute  otitis  media,  they  are,  with  the  possible  ex- 
ception of  epidural  abscess  and  sinus  thrombosis,  more  frequently  found 
as  a  complication  of  chronic  middle-ear  suppuration.  A  few  words  will 
not  be  out  of  place  in  this  chapter  relative  to  each  of  these  conditions. 

General  meningitis,  of  otitic  origin,  may  be  of  either  the  suppurative 
or  serous  variety.  The  symptoms  common  to  each  variety  are  intense 
headache,  elevation  of  temperature,  vomiting,  and  constipation.  The 
occurrence  of  these  symptoms  in  any  case  of  either  acute  or  chronic  middle- 
ear  suppuration  should  always  be  regarded  with  suspicion.  The  head- 
ache in  meningitis  is  usually  general,  but  if  localized,  it  may  be  occipital. 
The  elevation  of  temperature,  in  the  suppurative  cases,  is  usually  con- 
siderable, the  temperature  ranging  from  103°  to  104°.  The  temperature 
is  fairly  constant,  the  daily  remissions  being  generally  not  over  one  or 
two  degrees.  If  the  meningitis  is  of  the  serous  variety,  the  temperature 
elevation  is  not  as  great  as  it  is  in  the  purulent  variety  of  the  disease. 
Vomiting  is  also  a  characteristic  symptom.  It  has  well  been  called  by 
some  English  authors  "purposeless"  vomiting,  that  is,  vomiting  unat- 
tended with  nausea,  and  persists  in  spite  of  internal  medication.  Con- 
stipation is  a  symptom  which  is  considered  important  by  certain  authors, 
notably,  Mr.  Ballance,  of  London,  but  has  not  been  a  marked  symptom 
in  my  own  cases. 

Associated  with  the  above-mentioned  symptoms  we  usually  have  pho- 
tophobia, a  rapid  pulse  in  the  early  stages  of  the  disease,  followed  by  a 
slow  pulse,  as  the  disease  progresses. 

In  otitic  meningitis  the  base  of  the  brain  is  most  frequently  involved, 
owing  to  the  fact  that  infection  takes  place  through  either  the  roof  of  the 
middle  ear  or  the  roof  of  the  mastoid,  involving  the  dura  at  the  base  of  the 
temporo-sphenoidal  lobe,  or  infection  may  take  place  along  the  posterior 
surface  of  the  petrous  pyramid,  over  either  the  lateral  sinus,  the  aquae- 
ductus  vestibuli,  or  the  internal  auditory  meatus. 

Muscular  symptoms,  either  convulsive  or  paralytic,  may  occur  in  the 
course  of  a  meningitis,  and  are  naturally  referable  to  the  base  of  the  brain. 
Rigidity  of  the  neck  is  quite  common  in  otitic  meningitis,  especially  in 
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children,  and  may  be  an  early  symptom.  Contraction  of  the  pupil  on  the 
affected  side,  followed  by  dilatation  of  the  pupil,  as  the  disease  advances, 
is  also  met  with.  Of  the  ocular  paralyses,  paralysis  of  the  sixth  nen^e  is 
frequently  observed,  the  patient  having  internal  strabismus  upon  the 
affected  side.  Respiratory  symptoms  occur  late  in  the  disease  and  are  an 
evidence  of  involvement  of  the  fourth  ventricle.  When  this  region  is 
involved,  the  respiration  becomes  Cheyne-Stokes  in  character.  A  physi- 
cal sign  of  great  significance,  in  cases  of  meningitis,  is  found  in  the 
fundus  oculi  upon  ophthalmoscopic  examination.  In  quite  a  large  pro- 
portion of  these  cases  we  find,  in  the  early  stages,  dilatation  and  tortuosity 
of  the  veins,  and  in  the  later  stages  true  choked  disc.  This  sign  usually 
appears  upon  the  side  of  infection,  but  may  appear  upon  both  sides.  In 
both  the  serous  and  purulent  variety  of  meningitis  the  ventricular  cavi- 
ties sooner  or  later  participate  in  the  inflammatory  process,  and  fluid  ac- 
cumulates within  the  ventricles  of  the  brain. 

The  treatment  of  this  condition  is  essentially  surgical.  Valuable  in- 
formation can  also  be  obtained  in  doubtful  cases  by  lumbar  puncture. 
Ordinarily,  in  either  the  serous  or  purulent  variety,  lumbar  puncture  will 
show  increased  pressure  of  the  cerebrospinal  fluid.  In  the  serous  variety 
the  fluid  withdrawn  is  usually  clear;  in  the  purulent  variety  the  fluid  may 
contain  a  large  nimiber  of  polymorphonuclear  cells  and  may  be  turbid.  It 
is  usually  turbid  in  the  later  stages  of  the  disease.  A  bacteriologic  in- 
vestigation of  the  fluid  will  often  reveal  the  pathogenic  organism,  although 
this  is  not  invariably  the  case. 

The  successful  treatment  of  otitic  meningitis  is  entirely  surgical.  In 
the  very  early  stages  the  suppurative  focus  within  the  middle  ear  should 
be  eradicated  and  efforts  should  be  made  to  prevent  the  extension  of  the 
inflammation.  Unfortunately,  very  few  cases  are  seen  early  enough  to 
render  this  method  available,  and  its  employment  is  practicaUy  restricted 
to  those  cases  of  acute  mastoiditis  which,  when  they  first  present  them- 
selves, show  some  meningeal  symptoms.  In  addition  to  removing  the 
purulent  focus  within  the  mastoid,  early  lumbar  puncture  is  undoubtedly 
of  great  advantage  in  relieving  the  intracranial  pressure.  It  should  be 
employed  in  all  cases  early,  and  if  rehef  follows,  should  be  repeated  when- 
ever the  signs  of  increased  intracranial  pressure  recur.  In  the  more  ad- 
vanced cases  an  occasional  favorable  result  will  be  obtained  by  following 
up  the  tract  of  infection  from  the  middle  ear  to  the  meninges  and  freely 
incising  the  dura.  In  one  case  reported  by  the  author*  drainage  of  the 
subdural  space  over  the  tympanic  roof  was  followed  by  recovery.  If  the 
avenue  of  infection  can  be  traced  from  the  middle  ear  to  the  cranial 
cavity,  this  tract  should  be  followed  up,  the  dura  freely  incised,  and  gauze 
drainage  inserted,  thus  accomplishing  the  twofold  purpose  of  draining 
the  infected  area,  and  also  of  walling  off  the  infected  meninges  from  the 
subarachnoid  space.  In  the  more  advanced  cases  it  may  be  wise  to  drain 
the  subdural  space  directly,  either  over  the  tympanic  roof  or  in  the  cere- 
bellar fossa,  doing  a  decompressive  operation  simply  for  the  relief  of  intra- 
cranial pressure.  At  such  an  operation  the  ventricles  may  or  may  not  be 
tapped,  according  to  the  symptoms,  and  according  to  the  choice  of  the 
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operator.  I  have  never  had  a  successful  case  following  draining  the 
ventricles,  although  I  have  performed  this  operation  several  times.  In 
conjunction  with  the  decompressive  operation,  subdural  drainage,  and 
ventricular  drainage,  repeated  lumbar  puncture  may  also  be  employed, 
occasionally  with  success. 

Epidural  Abscess. — An  epidural  abscess  is  an  effort  on  the  part  of 
nature  to  confine  a  meningeal  infection  to  a  localized  area,  and  thus 
prevent  general  meningitis.  An  epidural  collection  of  pus  may  lie  either 
above  the  tympanic  roof  in  the  middle  cranial  fossa,  on  the  posterior  sur- 
face of  the  petrous  pyramid  in  front  of  the  lateral  sinus,  or  it  may  lie  over 
the  sinus  or  even  occasionally  behind  this  vessel.  Epidural  abscess  gives 
rise  to  so  few  symptoms  as  to  render  its  recognition  prior  to  operation 
practically  impossible.  These  extradural  collections  of  pus  are  most 
usually  found  during  the  course  of  an  acute  mastoid  operation.  The  only 
symptoms  which  may  occur  are  localized  headache — the  headache  being 
usually  confined  to  the  site  of  the  pus  collection — and  tenderness  on  per- 
cussion over  this  particular  area.  These  symptoms  may  be  present  or 
may  be  absent.  In  addition  to  these  symptoms,  we  usually  have  a  mod- 
erate elevation  of  temperature,  the  temperature  seldom  rising,  however, 
above  102°,  and  frequently  not  above  101°.  As  before  stated,  extradural 
purulent  collections  are  met  with  accidentally  at  the  time  of  the  complete 
mastoid  operation.  They  are  to  be  suspected,  however,  in  every  case  of 
mastoid  involvement  with  acute  symptoms,  in  which  localized  headache 
is  present,  rather  to  the  exclusion  of  pain  in  the  ear  or  pain  in  the  mastoid, 
and  if  there  is  a  temperature  of  101°  or  102°  in  adult  cases.  As  stated  in 
discussing  mastoiditis,  suppuration  within  the  mastoid  frequently  gives 
rise  to  no  elevation  of  temperature,  and  in  adults  the  temperature  is  seldom 
over  100°  or  101  i°.  The  treatment  of  epidural  abscess  is  extremely 
simple.  It  consists  in  the  removal  of  the  inner  table  of  the  skull,  thor- 
oughly evacuating  the  abscess.  The  inner  table  should  be  removed  over 
the  entire  involved  area,  but  not  beyond  this.  The  line  of  demarcation  is 
indicated  by  firm  adhesions  between  the  dura  and  the  bone,  and  these 
should  not  be  broken  up,  but  the  bone  should  be  removed  to  the  very  edge 
of  the  Une  of  adhesion,  so  as  to  freely  open  the  entire  abscess  cavity.  Ex- 
posure of  healthy  dura  beyond  the  line  of  adhesion  is  inadvisable.  After 
evacuation  of  th6  pus,  the  abscess  cavity  is  packed  with  gauze,  and  the 
wound  is  dressed  in  the  usual  way. 

Sinus  Thrombosis. — A  septic  thrombus  in  the  lateral  sinus  is  a  not 
uncommon  sequel  of  neglected  middle-ear  suppuration.  It  follows  both 
acute  and  chronic  middle-ear  suppuration,  and  is,  perhaps,  equally  com- 
mon in  both  varieties.  When  occurring  as  a  complication  of  chronic 
suppurative  otitis,  it  usually  follows  an  acute  exacerbation  of  this  con- 
dition. 

The  symptoms  of  sinus  thrombosis  are  generally  sufficiently  character- 
istic to  make  its  recognition  possible.  The  most  characteristic  sign  is  a 
sudden  and  abrupt  rise  of  the  temperature  to  104°,  105°,  or  106°,  followed 
in  a  few  hours  by  a  sudden  fall  in  the  temperature  to  100°,  or  even  to  the 
normal  standard.    This  remission  or  intermission  in  temperature  lasts 
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but  a  few  hours,  when  the  temperature  again  rises  quite  abruptly  to  its 
previous  elevation,  only  to  fall  again  spontaneously  to  near  the  nonnal 
standard.  Such  abrupt  temperature  variations  in  any  case  of  either  acute 
or  chronic  middle-ear  suppuration  should  be  looked  upon  as  strongly  in- 
dicative of  sinus  thrombosis. 

Infection  of  the  sinus  may  take  place  either  through  the  posterior 
antral  wall,  at  a  point  between  the  knee  of  the  sinus  and  the  bulb,  or,  in 
rare  cases,  the  infection  may  take  place  directly  through  the  floor  of  the 
tympanic  cavity,  and  the  thrombus  form  first  in  the  jugular  bulb  itself. 
A  formation  of  a  clot  in  this  latter  locality  seems  to  be  rather  more  com- 
mon in  infants  than  in  adults.  If  infection  takes  place  directly  from  the 
middle  ear,  the  symptoms  of  sinus  thrombosis  may  appear  very  early  in 
the  course  of  a  middle-ear  inflammation,  and  without  any  evidence  of 
mastoid  involvement.  In  fact,  in  a  number  of  these  cases  in  which  a 
septic  clot  has  been  found  in  the  jugular  bulb,  and  has  been  successfully 
removed  by  operation,  the  mastoid  cells  at  the  time  of  operation  were 
found  to  be  absolutely  free  from  disease. 

While  the  wide  excursions  in  temperature  constitute  the  most  char- 
acteristic sign  of  sinus  thrombosis,  certain  other  symptoms  may  be  present. 
Severe  rigors,  preceding  the  temperature  elevation,  and  profuse  sweating, 
as  the  temperature  falls,  are  observ^ed  in  a  certain  number  of  cases.  My 
own  experience  has  been  that  rigors  are  the  exception  rather  than  the 
rule,  although  profuse  perspiration  accompanying  a  fall  in  temperature  is 
not  at  all  uncommon.  One  of  the  chief  characteristics  of  the  condition  is 
the  absence  of  other  general  symptoms.  These  patients  complain  of  no 
discomfort,  aside  from  that  attendant  upon  the  elevated  temperature; 
their  mental  condition  is  invariably  clear,  except  when  the  temperature 
is  at  its  highest  point,  when  they  may  appear  slightly  dull,  and,  in  rare 
cases,  slightly  delirious.  The  pulse  is  usually  rapid  and  there  is  little  or  no 
headache.  The  blood  count  in  these  cases  will  usually  show  an  increase 
in  the  percentage  of  polymorphonuclear  cells,  although  this  is  not  an  in- 
variable rule.  Paralytic  symptoms  do  not  occur.  Choked  disc,  either  in 
the  eye  corresponding  to  the  affected  side,  or  upon  both  sides,  has  been 
obser\'ed.  The  treatment  of  the  condition  consists  in  the  thorough  re- 
moval of  the  clot  from  the  lateral  sinus.  This  suffices,  in  cases  seen  early, 
to  effect  a  complete  cure.  In  cases  in  which  the  bulb  is  involved  it  is 
necessary  to  excise  the  internal  jugular  from  a  point  low  do^n  in  the  neck 
to  a  point  close  to  the  base  of  the  skull,  in  addition  to  the  removal  of  the 
clot  from  the  sinus,  in  order  to  prevent  further  systemic  infection.  In 
some  cases  it  is  necessary  to  lay  bare  the  entire  jugular  bulb  in  addition  to 
excising  the  internal  jugular  vein.  This  operation  was  first  elaborated  by 
Grunert.*  In  connection  with  the  excision  of  the  internal  jugular,  it 
should  be  said  that  in  case  the  clot  extends  well  down  into  the  jugular, 
the  vein  must  be  excised  from  a  point  below  that  to  which  the  clot  ex- 
tends. Grunert*  has  reported  a  case  in  which  a  ligature  was  placed 
around  the  jugular  just  above  the  innominate  vein.  1  have  also  ligated 
the  vein  at  this  point. 

Brain  Abscess. — Abscess  of  the  brain  substance  complicating  puru- 
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lent  otitis  media  may  occur  either  in  the  cerebrum  or  cerebellum.  Ac- 
cording to  my  own  statistics  of  cases  operated  upon,  the  cases  of  cerebral 
abscess  outnumber  those  of  cerebellar  abscess  in  the  proportion  of  three  to 
one.  Mr.  Ballance  •  of  lx)ndon,  states  that  cerebellar  abscess  is  more 
frequent  than  cerebral  abscess  when  the  brain  suppuration  is  secondary 
to  otitis  media.  It  should  be  stated  that  Mr.  Ballance's  statistics  are 
based  upon  a  large  number  of  autopsies,  while  my  own  statistics  are  based 
upon  cases  operated  upon.  The  discrepancy  between  these  two  reports 
shows  how  frequently  an  abscess  of  the  cerebellum  may  be  present  without 
any  clinical  manifestations  whatever,  and  may  be  discovered  only  after 
death. 

The  symptoms  of  brain  abscess  may  be  divided  into  two  classes:  first, 
those  indicative  of  a  suppurative  lesion,  and,  second,  localizing  symptoms, 
according  to  the  location  of  the  abscess.  The  symptoms  depend  upon  the 
presence  of  pus  in  the  brain,  irrespective  of  its  location,  and  may  be  so 
slight  as  to  be  completely  overlooked.  This  stage  constitutes  the  initial 
stage  of  cerebral  abscess.  The  characteristics  are  a  moderate  elevation 
in  temperature  of  101°  or  102°,  or  sometimes  less  than  this,  together  with 
headache  and  a  feeling  of  general  malaise  or  prostration.  In  cases  of 
otitic  origin  these  may  be  the  only  symptoms  of  abscess  within  the  brain 
substance  in  the  early  stages.  As  the  condition  advances  the  patient 
usually  becomes  dull  and  drowsy.  The  above  symptoms  may  occur  in 
the  early  stage  of  a  brain  abscess,  no  matter  where  the  brain  abscess  is 
located.  The  pulse  in  these  cases  often  offers  a  valuable  diagnostic  sign 
in  that,  in  spite  of  moderate  temperature  elevation,  the  frequency  of  the 
pulse-rate  is  usually  reduced.  One  of  the  most  valuable  indications  of 
a  brain  abscess  is  obtained  by  a  differential  blood  count.  The  per- 
centage of  polymorphonuclear  cells  is  generally  above  the  normal  standard. 
In  one  of  the  cases  which  came  under  my  observation  this  constituted 
practically  the  only  differential  sign  between  brain  abscess  and  embolism 
of  one  of  the  cerebral  arteries. 

Another  important  diagnostic  sign  is  the  presence  of  choked  disc. 
While  this  sign  may  be  present  in  all  of  the  intracranial  compHcations  of 
middle-ear  suppuration,  and  simply  indicates  increased  intracranial 
pressure,  its  presence  in  any  obscure  case,  in  which  the  characteristic 
symptoms  of  meningitis  and  sinus  thrombosis  are  wanting,  would  be  a 
fairly  certain  indication  of  a  purulent  focus  within  the  brain  substance. 

Out  of  one  hundred  and  two  cases  of  cerebellar  abscess  of  which  I 
have  records,^  optic  neuritis  was  present  in  thirty-four,  it  was  absent 
in  thirty-seven,  and  its  presence  or  absence  was  not  stated  in  thirty-one. 
Of  one  hundred  and  one  cases  of  cerebral  abscess,  optic  neuritis  was 
present  in  thirty-two  cases,  absent  in  twenty-one  cases,  and  in  the 
remainder  the  condition  of  the  fundus  oculi  is  not  stated. 

The  above  symptoms  are,  in  a  general  way,  characteristic  of  the  early 
stage  of  brain  abscess.  Some  cases  progress  rapidly  after  the  initial  stage 
to  a  fatal  termination  or  present  symptoms  sufficiently  pronounced  to 
render  the  diagnosis  easy.  In  other  cases,  however,  we  have  a  subsidence 
of  all  the  general  symptoms.     The  fever  and  headache  disappear,  the 
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patient's  mental  condition  becomes  more  nearly  normal,  and  it  would 
seem  that  he  was  improving.  This  stage  may  be  called  the  "latent" 
stage  of  a  brain  abscess.  There  is  one  S3miptom,  however,  which  is  rather 
characteristic  of  suppuration  within  the  brain  even  during  this  latent 
stage,  and  that  is,  in  spite  of  the  apparently  improved  condition  of  the 
patient,  progressive  emaciation  occurs.  This,  I  think,  is  one  of  the  most 
important  symptoms  of  a  chronic  brain  abscess — the  gradual  loss  of  flesh, 
together  with  a  gradual  loss  of  strength.  This  latent  stage  of  brain  ab- 
scess is  followed  later  by  a  third  stage,  which  ordinarily  proves  rapidly 
fatal.  The  temperature  rises  suddenly,  the  patient  becomes  either  de- 
lirious or  comatose,  the  pulse  at  first  becomes  slow,  but  afterward  be- 
comes exceedingly  rapid,  and  the  patient  dies  in  coma. 

The  above  constitute,  briefly,  the  general  s)rmptoms  manifested  in 
cerebral  suppuration.  When  we  come  to  the  localizing  symptoms,  these 
will  depend  upon  the  situation  of  the  abscess.  In  brain  abscess  of  otitic 
origin,  located  in  the  temporo-sphenoidal  lobe,  localizing  symptoms  may 
be  entirely  wanting,  provided  the  abscess  is  situated  upon  the  right  side. 
The  right  temporo-sphenoidal  lobe  may,  as  Mr.  Ballance  has  stated,  be 
called  the  "silent"  lobe  of  the  brain,  as  extensive  purulent  collections  in 
this  region  may  give  rise  to  absolutely  no  symptoms.  When  the  abscess 
is  located  in  the  left  temporo-sphenoidal  lobe,  however,  we  usually  have 
characteristic  localizing  symptoms.  In  other  words,  the  patient  generally 
suffers  from  some  form  of  aphasia,  either  word-blindness  or  word-deafness. 
This  aphasia  may  be  either  auditory  or  motor.  The  patient  may  either 
not  be  able  to  understand  words  spoken  to  him,  or  he  may  not  be  able  to 
name  objects  or  to  write  the  names  of  objects.  The  latter  two  conditions 
are  known  as  aphemia  and  agraphia.  All  of  these  symptoms  point  to  a 
lesion  of  the  superior  convolution  of  the  temporal  lobe.  True  motor 
aphasia  is  situated  usually  in  the  posterior  extremity  of  the  inferior  frontal 
convolution  or  in  the  island  of  Reil.  Abnormalities  in  the  sense  of  taste 
and  smell  are  frequently  spoken  of  as  characteristic  of  lesions  of  the 
left  temporo-sphenoidal  lobe  at  its  anterior  extremity.  These  symptoms 
have  not  been  present  in  the  cases  which  I  have  seen.  The  presence  of 
motor  paralysis  in  a  temporo-sphenoidal  abscess  of  otitic  origin,  aside 
from  the  disturbances  of  the  speech  center,  already  referred  to,  are  rare, 
if  we  exclude  the  ocular  paral5n3es.  Paralysis  of  the  abducens  nerve,  on  the 
side  corresponding  to  the  lesion,  may  occur  in  a  temporo-sphenoidal 
abscess,  as  has  been  observed  by  the  author.  Other  ocular  symptoms  are 
rare.  If  the  abscess  is  situated  in  the  occipital  lobe, — and  disease  of 
otitic  origin  may  be  located  here, — ^homonymous  hemianopsia  may  occur. 
This  would  locate  the  abscess  in  the  visual  area,  in  the  occipital  lobe. 

The  localizing  symptoms  of  an  abscess  of  the  cerebellum  are  exceed- 
ingly vague.  As  before  stated,  many  of  these  abscesses  are  found  only 
on  post-mortem  examination,  having  given  rise  to  no  characteristic 
sjrmptoms  during  life.  With  a  left-sided  middle-ear  suppuration,  general 
evidences  of  a  collection  of  pus  within  the  brain,  and  no  localizing  symp- 
toms, the  inference  would  be  that  the  suppuration  lay  below  the  tentorium. 
The  characteristic  localizing  symptoms  of  a  cerebellar  abscess  are  head- 
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ache,  vomiting,  and  sometimes  incoordination  of  both  the  upper  and 
lower  extremities  on  the  affected  side.  The  sensorium  is  usually  dull,  due 
undoubtedly  to  increased  intracranial  pressure.  Out  of  one  hundred 
cases  carefully  analyzed  by  myself,  these  were  the  most  prominent 
symptoms.  Not  infrequently  nystagmus  is  present.  The  pupils  are 
usually  unequal,  the  pupil  on  the  affected  side  being  contracted  in  the 
early  stages  of  the  disease,  but  dilated  later.  The  temperature  in  these 
cases  is  frequently  subnormal,  although  in  the  acute  stage  the  temperature 
is  elevated.  The  pulse  is  generally  slow.  The  staggering  gait  of  these 
patients  is  also  characteristic.  This  depends  upon  the  incoordination  of 
the  muscles  of  locomotion.  They  usually  tend  to  fall  to  the  side  of  the 
lesion,  although  they  may  fall  to  the  opposite  side. 

The  surgical  treatment  in  these  cases  depends  for  its  success  upon  the 
recognition  of  the  avenue  of  infection.  If  during  a  mastoid  or  radical 
operation  an  area  of  carious  bone  leads  us  directly  to  a  necrotic  or  dis- 
colored dural  area,  then,  in  the  presence  of  cerebral  symptoms,  an  in- 
cision through  this  infected  area  with  the  knife,  and  the  evacuation  of  the 
brain  abscess,  will,  in  many  cases,  be  followed  by  a  cure.  This  applies 
equally  to  abscesses  locat^  in  the  middle  cranial  fossa,  and  to  those 
situated  below  the  tentorium.  In  the  presence  of  cerebral  symptoms,  in 
a  case  of  middle-ear  suppuration,  the  surgeon  should  always  examine  with 
the  utmost  care  those  regions  through  which  infection  usually  takes  place, 
namely,  the  roof  of  the  tympanum  and  mastoid  antrum,  in  order  to  dis- 
cover evidences  of  infection  in  the  middle  cranial  fossa,  and  the  posterior 
wall  of  the  mastoid  overlying  the  lateral  sinus,  in  order  to  discover  evi- 
dences of  infection  below  the  tentorium.  Infection  below  the  tentorium 
may  also  frequently  occur  from  labyrinth  suppuration,  in  which  case  it 
usually  travels  either  along  the  internal  auditory  meatus  or  along  the 
aquseductus  vestibuli,  causing  infection  of  the  cerebellum  on  the  posterior 
surface  of  the  petrous  pyramid.  In  exploring,  therefore,  for  abscesses  of 
the  cerebellum,  the  anterior  surface  of  the  cerebellar  lobe  should  be  first 
exposed  by  the  removal  of  bone  in  front  of  the  lateral  sinus,  extending 
this  opening  downward  and  inward  as  far  as  the  internal  auditory  meatus, 
if  necessary.  If  the  path  of  infection  is  found,  as  evidenced  by  necrotic 
or  discolored  dura,  incision  in  this  area  by  means  of  a  long,  narrow  knife 
may  evacuate  the  purulent  collection.  Unfortunately,  in  many  cases  of 
intracranial  suppuration,  due  to  purulent  otitis,  the  most  careful  examina- 
tion fails  to  reveal  the  avenue  of  infection,  and  the  operator  must  explore 
the  brain  substance,  either  above  or  below  the  tentorium,  according  to  the 
symptoms  present,  in  the  hope  of  finding  the  abscess.  In  such  exploratory 
operations,  when  apparently  the  disease  is  located  in  the  middle  cranial 
fossa,  the  most  convenient  region  for  exploration  is  the  region  just  above 
the  zygoma.  A  large  flap,  with  its  convexity  upward,  is  turned  down, 
and  that  portion  of  the  temporo-sphenoidal  lobe  lying  immediately  above 
the  external  auditory  meatus  is  exposed.  This  opening  above  the  squama 
may  be  made  to  communicate  with  the  mastoid  operative  cavity 
previously  formed  by  the  removal  of  the  intervening  bone,  if  this  seems 
wise.    It  has  been  my  custom,  in  these  cases,  to  explore  immediately  the 


848  SURGERY   OF  THE  EAR. 

temporo-sphenoidal  lobe  after  the  reflection  of  a  dural  flap,  and  in  four 
out  of  ten  cases  of  temporo-sphenoidal  abscess  treated  in  this  way  re- 
cjovery  followed.  1  am  inclined  to  believe,  however,  that  I  shall  follow 
the  suggestion  made  by  Mr.  Ballance  (loc,  cit,)  in  regard  to  first  incising 
the  dura,  and  then  packing  the  exposed  area  of  the  brain  with  iodoform 
gauze,  and  temporarily  replacing  the  flap  for  from  twelve  to  twenty-four 
hours.  In  this  way  the  pressure  within  the  brain  is  relieved,  while  at  the 
same  time  the  subdural  space  will  be  completely  shut  off  by  adhesions. 
The  brain  substance  can  then  be  incised  after  this  interval,  and  upon  the 
evacuation  of  the  abscess,  this  cavity  may  be  drained  either  by  means 
of  gauze  drainage,  the  cigarette  drain,  or  by  means  of  tubes  without  much 
danger  of  infection  of  the  meninges.  Meningitis  has  been  the  cause  of 
death  in  most  of  the  fatal  cases  of  cerebral  abscess  evacuated.  If  the  direct 
path  of  infection  can  be  found,  and  the  abscess  be  opened  along  this  path, 
such  a  danger  does  not  exist,  and  this  certainly  constitutes  the  ideal  method 
of  dealing  with  these  abscesses  in  either  the  cerebrum  or  cerebellum. 

In  cases  of  exploratory'  operations  upon  the  cerebellum,  the  anterior 
surface  of  the  cerebellum  should  be  exposed  in  the  manner  already  men- 
tioned in  speaking  of  cerebellar  abscess.  If  the  avenue  of  infection  is  not 
found,  it  is  then  wise  to  explore  a  large  area  of  cerebellum  behind  the  sinus 
by  displacing  a  large  semicircular  flap  downward  and  removing  the  over- 
lying bone  from  the  lateral  sinus  anteriorly  to  the  median  line  posteriorly. 
A  dural  flap  should  then  be  turned  down,  the  subdural  space  packed 
off,  and  a  subsequent  exploratory  incision  of  the  cerebellum  performed  in 
from  twelve  to  twenty-four  hours  after  the  primary  operation.  I  believe 
that  exploratory  operations  carried  out  in  this  way  will  probably  be  more 
successful  than  if  the  brain  substance  is  incised  at  the  time  of  the  primary 
operation. 

Out  of  one  hundred  and  two  cases  of  cerebellar  abscess  of  which  I 
have  records,^  it  is  interesting  to  note  that  thirty-three  cases  were 
cured  by  operation.  Forty-five  cases  were  opened  behind  the  lateral 
sinus.  Of  these,  twenty-five  were  cured  and  twenty  died.  P]leven  cases 
were  opened  in  front  of  the  lateral  sinus ;  and  of  these,  four  were  cured  and 
seven  died.  In  forty-six  cases  the  method  of  operation  is  not  stated. 
Of  this  number,  there  were  four  cures  and  forty-two  deaths. 
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CHAPTER  LXV. 

SURGERY  OF  THE  EYE. 

By  G.  E.  de  Schweinitz,  M.D., 

PHILADELPHIA. 

ANATOMIC  CONSIDERATIONS. 

The  Orbit. — Each  orbit  consists  of  a  somewhat  cone-shaped  cavity 
(cavity  of  the  orbit)  within  a  bony  framework  (walls  of  the  orbit).  Into 
this  framework  the  frontal,  sphenoid,  ethmoid,  superior  maxillary,  malar, 
lachrymal,  and  palate  bones  enter.  If  the  frontal  sinus  is  large,  it  lies 
just  above  the  anterior  half  of  the  roof  of  the  orbit,  which  is  formed  by 
the  orbital  plate  of  the  frontal;  hence  a  tumor  or  empyema  of  this  region 
may  readily  encroach  upon  the  orbit  and  cause  displacement  of  the  eye- 
ball, double  vision,  etc. 

The  bony  partition  between  the  orbit  and  the  cranial  cavity  is  very 
thin  and  is  readily  penetrated  by  a  foreign  body,  with  resulting  brain 
injury.  The  inner  wall  of  the  orbit,  joined  to  the  roof  nearly  at  a  right 
angle,  passes  in  a  moderate  curve  into  the  floor,  and  is  made  up  of  the 
orbital  plate  of  the  ethmoid,  the  nasal  process  of  the  superior  maxillary, 
the  lachrymal  bone,  and  the  body  of  the  sphenoid.  Behind  the  os  planum 
of  the  ethmoid  bone  are  the  ethmoid  cells,  and  more  posteriorly  the  sphe- 
noid cell  or  sinus.  Tumors,  empyema,  or  mucocele  of  these  cells  easily 
intrude  into  the  orbital  cavity  through  the  thin  partition,  and  infecting 
material  from  these  cells  may  find  its  way  through  the  anterior  and 
posterior  ethmoidal  foramina,  which  are  between  the  ethmoid  and  frontal. 
The  superior  maxilla,  the  malar  bone,  and  the  orbital  plate  of  the  palate 
bone  form  the  floor  of  the  orbit,  beneath  the  larger  portion  of  which  lies 
the  antrum  of  Highmore,  from  which  the  orbit  may  be  encroached  upon 
by  tumors  and  abscesses.  The  malar  bone,  the  external  angular  process 
of  the  frontal  bone,  and  the  great  wing  of  the  sphenoid  form  the  outer 
wall  of  the  orbit.  The  sphenomaxillary  fissure  bounds  the  floor  of  the 
orbit  externally  in  the  posterior  two-thirds  of  its  extent  and  opens  into 
the  zygomatic  fossa.  Between  the  greater  and  lesser  wings  of  the  sphe- 
noid, running  upward  and  outward,  is  the  sphenoidal  fissure,  and  near 
the  lower  end  of  this  fissure  is  the  apex  of  the  orbit.  This  fissure  opens 
into  the  middle  fossa  of  the  skull  and  transmits  the  third,  fourth,  ophthal- 
mic division  of  the  fifth  and  the  sixth  nerves,  filaments  from  the  caver- 
nous plexus  from  the  sympathetic,  the  orbital  branch  of  the  middle 
meningeal,  a  recurrent  branch  from  the  lachrymal  artery,  and  the 
ophthalmic  vein.  This  vein  develops  from  the  union  of  the  superior 
ophthalmic  vein,  formed  at  the  inner  angle  of  the  orbit  by  the  fusion  of 
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vessels  coming  from  the  supraorbital  and  angular  vein,  and  the  inferior 
ophthalmic  vein,  originating  from  a  plexus  of  small  veins  in  the  floor  of  the 
orbit  which  communicate  with  the  facial  vein,  and  empties  into  the  caver- 
nous sinus.  Its  relation,  or,  rather,  the  relation  of  the  superior  ophthal- 
mic vein,  to  the  symptomatology  of  pulsating  exophthalmos  is  most 
important.  Just  above  and  internal  to  the  inner  end  of  the  sphenoidal 
fissure  is  the  optic  foramen,  or  the  orifice  of  a  canal  which  passes  through 
the  lesser  wing  of  the  sphenoid.  Through  this  canal  the  optic  nerve 
and  ophthalmic  artery  enter  the  orbit. 

The  junction  of  the  upper  and  the  outer  wall,  at  the  front  of  which  is 
the  suture  connecting  the  frontal  with  the  malar  and  with  the  orbital 
plate  of  the  greater  wing  of  the  sphenoid,  while  posteriorly  is  the  sphe- 
noidal fissure  before  referred  to,  constitutes  the  superior  external  angle 
of  the  orbit  and  is  to  be  remembered  in  relation  to  Kronlein's  operation 
(p.  907). 

The  junction  of  the  upper  and  inner  wall,  at  which  is  the  suture  con- 
necting the  frontal  bone  with  the  lachrymal  bone  in  front  and  the  orbital 
bone  behind,  and  which  contains  the  anterior  and  posterior  ethmoidal 
foramina,  constitutes  the  superior  internal  angle. 

The  junction  of  the  outer  wall  and  the  floor,  where  may  be  seen  the 
sphenomaxillary  fissure,  constitutes  the  inferior  external  angle. 

Union  of  the  lachrymal  and  orbital  plate  of  the  ethmoid  with  the 
superior  maxillary  and  palate  bones  forms  the  inferior  internal  angle. 

The  orbital  margins  are  formed  above  by  the  frontal  bone,  below  by 
the  malar  bone  and  superior  maxilla,  externally  by  the  malar  bone,  and 
internally  by  the  nasal  process  of  the  superior  maxilla.  This  base  of  the 
orbit  is  open  in  the  skeleton,  but  in  life  is  closed  by  the  lids  and  the  mem- 
brane which  attaches  their  tarsal  plates  to  the  walls  of  the  orbits. 

Periosteum  lines  the  walls  of  the  orbit,  firmly  attached  at  the  borders, 
but  loosely  to  the  bony  walls.  At  the  optic  foramen  it  is  continuous 
with  the  dura  and  with  the  outer  sheath  of  the  optic  nerve.  The  sphe- 
noidal and  sphenomaxillary  fissures  are  closed  by  this  membrane,  and  at  the 
sphenomaxillary  fissure  there  is  a  development  of  involuntary  muscular 
fibers.  The  loose  connection  of  the  periosteum  to  the  orbital  walls 
renders  it  possible  to  extirpate  cleanly  any  morbid  growth  that  may  be 
contained  within  it  (page  909). 

Contents  of  the  Cavity  of  the  Orbit. — ^The  orbital  cavity  is  occupied 
by  the  eyeball  and  its  attached  membranes,  the  lachrymal  gland,  the 
orbital  fat  and  the  orbital  muscles,  together  with  the  nerves,  blood-vessels, 
and  lymphatics  associated  with  these  structures.  Behind  the  eyeball 
and  its  membranes,  which  occupy  the  anterior  wider  half  of  the  orbital 
cavity,  as  well  as  in  the  spaces  between  the  muscles,  vessels,  and  nerves,  is 
the  orbital  fat,  a  structure  which  may  be  the  seat  of  inflammation,  abscess, 
tumors,  foreign  bodies,  and  emphysema.  This  orbital  fat  is  separated 
into  lobules  by  partitions  or  septa  from  the  orbital  fascia,  which  is  analo- 
gous to  the  deep  fascia  of  other  locations,  and  which  forms  the  sheaths 
for  the  muscles,  vessels,  and  nerves  of  the  orbit.  The  anterior  layer  of 
this  orbital  fascia  blends  with  the  periosteum  at  the  orbital  margin  and 
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the  palpebral  fascia  of  the  eyelids.  Beneath  the  eyeball  it  is  so  strongly 
developed  that  it  has  been  caUed  the  suspensory  ligament  of  the  eyeball 
and  prevents  the  sagging  of  this  organ  after  excision  of  the  superior  max- 
illa. This  anterior  lamina  is  also  especially  developed  where  the  four 
recti  muscles  are  situated,  and  there  forms  the  check  ligamenls,  of  which 
the  external  and  internal  are  the  stronger.  These  ligaments  probably 
prevent  excessive  retraction  of  the  belly  of  the  recti  muscles  after  their 
tendons  have  been  divided. 

The  posterior  two-thirds  of  the  eyeball  is  inclosed  in  Tenants  cap- 
sule. This  membrane,  lying  beneath  the  muscle  fascia,  near  the  cornea 
fuses  with  the  conjunctiva  into  a  single  membrane.  Afterward  these 
two  separate,  and  the  thin  transparent  tissue  of  which  the  capsule  is 
formed  follows  the  curve  of  the  sclerotic  from  the  insertion  of  the  recti 
muscles  close  to  the  optic  nerve  entrance,  where  it  leaves  the  eyeball 
and  can  be  traced  backward  over  the  optic  nerve-sheath.  The  space 
between  it  and  the  nerve-sheath  is  called  the  supravaginal  lymph-space, 
and  the  one  between  the  capsule  and  the  eyeball  is  known  as  Tenon's 
space;  they  communicate  with  each  other  and  are  lymph-spaces.  The  oc- 
ular muscles  pierce,  or,  to  use  the  language  of  Dwight,  invaginate  Tenon's 
capsule,  which  invests  their  tendons  at  the  points  where  their  own  sheaths 
cease.  Therefore  in  tenotomy  of  the  ocular  muscles  this  capsule  must 
be  opened  before  the  tendon  can  be  exposed,  and  after  the  eyeball  is 
enucleated  this  membrane  is  the  most  interior  structure  which  is  visible 
and  which  everywhere  bounds  the  surrounding  orbital  fat.  It  is  into  this 
cavity  that  an  artificial  eyeball  of  glass,  paraffin,  or  gold,  is  placed  in  the 
operation  of  implantation  (page  904).  The  statement,  often  made,  that 
the  posterior  two-thirds  of  the  eyeball  and  the  capsule  of  Tenon  form  a 
ball-and-socket  joint,  facilitating  the  rotary  and  gliding  movements  of 
the  eyeball,  as  Dwight  points  out,  is  inaccurate,  because  Tenon's  capsule 
is  so  closely  attached  to  the  globe  near  the  cornea  that  it  is  impossible 
that  one  should  move  while  the  other  remains  still.  Both  move,  without 
doubt,  in  the  cushion  of  fat  behind  them. 

The  muscles  of  the  orbit  are  seven  in  number,  six  of  which  are 
inserted  into  the  eyeball,  and  are  therefore  commonly  called  the  exterior 
ocular  muscles.  The  seventh,  or  elevator  of  the  upper  lid,  is  inserted 
into  the  structure  from  which  it  takes  its  name.  For  the  proper  per- 
formance of  tenotomy  or  advancement  of  the  ocular  muscles  (page  896) 
their  origin,  insertion,  and  chief  actions  must  be  understood. 

1.  The  external  rectus  arises  by  two  heads,  respectively  from  the  outer  margin 
of  the  optic  foramen  and  the  common  tendon  of  the  inferior  and  internal  recti,  and 
in  part  from  a  process  of  bone  on  the  lower  margin  of  the  sphenoid  fissure.  Its 
tendon  is  inserted  into  the  sclera  7  mm.  from  the  margin  of  the  cornea.  It  is  sup- 
plied by  the  sixth  or  abducens  nerve.  Its  pre-eminent  action  is  abduction — that  is, 
it  rotates  the  eye  directly  outward. 

2.  The  internal  rectus  arises  from  the  optic  foramen  by  a  tendon  common  to  it 
and  the  inferior  rectus,  and  passes  forward  to  be  inserted  by  a  tendinous  expansion 
into  the  sclerotic  coat  5  mm.  from  the  margin  of  the  cornea.  It  is  supplied  by  one 
of  the  three  branches  of  the  inferior  division  of  the  third  or  oculomotor  nerve.  Its 
pre-eminent  action  is  adduction — that  is,  it  rotates  the  eye  directly  inward. 

3.  The  superior  rectus  arises  from  the  upper  mar^n  of  the  optic  foramen  and 
from  the  fibrous  sheath  of  the  optic  nerve,  ancf  is  inserted  by  a  tendinous  expansion 
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into  the  sclerotic  coat  8  mm.  from  the  margin  of  the  cornea.  It  is  supplied  by  the 
superior  division  of  the  third  or  oculomotor  nerve.  Its  pre-eminent  action  is 
elevation  or  superduction — that  is,  it  rotates  the  eye  upward.  It  also  adducts  it 
and  rotates  the  upper  end  of  the  vertical  meridian  of  the  cornea  inward. 

4.  The  inferior  rectus  arises  from  the  optic  foramen  by  a  tendon  common  to 
it  and  the  internal  rectus  and  passes  forward  to  be  inserted  by  a  tendinous  expansion 
into  the  sclerotic  coat  6  mm.  from  the  margin  of  the  cornea.  It  is  supplied  by  one 
of  the  three  branches  of  the  inferior  division  of  the  third  or  oculomotor  nerve.  Its 
pre-eminent  action  is  depression,  or  subduction — that  is,  it  rotates  the  eye  down- 
ward.    It  also  adducts  and  rotates  the  vertical  meridian  of  the  cornea  outward. 

5.  The  superior  oblique  (trochlear)  is  situated  at  the  upper  and  inner  side  of 
the  orbit,  and  arises  above  the  inner  margin  of  the  optic  foramen.  It  proceeds  to 
the  inner  angle  of  the  orbit,  at  which  point  its  rounded  tendon  passes  through  a 
fibrocartilaginous  pulley  occupying  a  fossa  just  within  the  supraorbital  margin  of 
the  frontal  bone,  and  is  then  reflected  backward,  outward,  and  downward,  to  be 
inserted  about  18  mm.  from  the  edge  of  the  cornea  between  the  superior  and  external 

recti.  It  is  supplied 
by  the  fourth  or 
trochlear  nerve. 
Its  pre-eminent  ac- 
tion is  intorsion — 
that  is,  it  rotates 
the  vertical  merid- 
ian inward.  It  also 
depresses  the  eye 
and  abducts  it. 

6.  The  inferior 
obliaue  is  situated 
at  tne  bottom  of 
the  orbit  and  arises 
from  a  depression 
in  the  orbital  plate 
of  the  superior 
maxillary  bone. 
Passing  beneath  the 
inferior  rectus,  it  is 
directed  outward, 
backward,  and  up- 
ward, and  reaches 
its  insertion  into 
the  sclera  by  means 
of  a  thin  tendon 
about  19  mm.  from 
the  corneal  margin, 
within  the  position 
of  the  external  rec- 
tus. It  is  supplied 
by  the  largest 
branch  of  the  supe- 
rior division  of  the  third  or  oculomotor  nerve.  Its  pre-eminent  action  is  extorsion — 
that  is,  it  rotates  the  vertical  meridian  outward.  It  also  elevates  the  eye  and  ab- 
ducts it. 

The  levator  palpebrse  superioris  arises  from  the  under  surface  of  the  lesser  wing 
of  the  sphenoid  Tbone  above  the  optic  foramen.  The  muscle  passes  above  the  su- 
perior rectus  and  terminates  in  a  broad,  thin  tendon  or  aponeurosis,  which  is  inserted 
mto  the  upper  border  of  the  superior  tarsus.  It  is  supplied  by  the  third  or  oculo- 
motor nerve  (Fig.  453). 

The  lachrymal  gland  lies  in  a  depression  in  the  orbital  plate  of  the 
frontal  bone  near  the  front  of  the  outer  part  of  the  roof  (see  also  page 
860). 

The  Eyeball. — The  eyeball  is  a  spheroid  body  which  occupies  the 
anterior  part  of  the  orbit.  Its  anterior  posterior  diameter  is  approx- 
imately 25  mm.,  and  this  measurement  is  to  be  remembered  in  connection 
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453. — Ocular  Muscles  Viewed  after  Removal  of  Lateral 
Wall  of  Orbit  (Testut). 
a.  Eyeball;  b.  optic  nerve;  e,  c',  eyelids;  d,  maxillary  sinus;  e, 
pterygoid  plate;  /,  foramen  rotundum;  g,  roof  of  orbit-  h.  frontal  sinus; 
t,  supraorbital  nerve;  k,  septum  orbitaJe;  1,  levator  palpebrsD  superioris; 
2,  3.  superior  and  inferior  recti;  4,  4',  portions  of  the  cut  external  rectus; 
5,  internal  rectus;  6,  inferior  oblique;  7,  insertion  oT  superior  oblique; 
8,  annular  ligament  or  tendon  of  Zinn. 
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vnth  the  localization  by  means  of  the  x-rays  of  foreign  bodies  contained 
within  its  coats.  The  globe  is  so  situated  that  a  line  drawn  from  the 
upper  to  the  lower  orbital  margin  just  touches  the  cornea,  an  important 
fact  in  estimating  the  degree  of  protrusion  of  the  eyeball  (proptosis. 
exophthalmos)  which  may  occur  under  various  pathologic  conditions, 
as  well  as  the  degree  of  sinking  in  of  the  eyeball  (enophthalmos).  The 
back  part  of  the  eyeball  is  between  16  and  18  mm.  from  the  optic  fora- 
men, and  the  entire  globe  occupies  about  one-fifth  of  the  orbital  cavity. 
When  in  situ  it  can  best  be  explored  from  the  outer  side,  the  patient 
being  required  to  look  well  inward  as  well  as  downward  and  inward  and 
upward  and  inward.  Under  such  circumstances  the  exploring  finger 
can  reach  to  the  equator  of  the  eyeball  and  even  a  little  posterior  to  it. 
The  eyeball  can  also  be  explored  above  and  below  and  to  the  inner  side, 
but  the  exploration  is  less  satisfactory  and  the  degree  of  sclera  which  can 
be  exposed  less  elaborate. 

The  eyeball  consists  of  three  concentric  coats,  or  tunics,  which  in- 
close its  transparent  contents.    These  tunics  are: 

(a)  The  external  fibrous  tunic,  composed  of  the  sclerotic  and  of  the 
cornea. 

(6)  The  middle  vascular  tunic,  often  known  as  the  uveal  tract,  which 
includes  the  choroid,  the  ciliary  body,  and  the  iris,  and  to  which  the  most 
important  vascular  supply  of  the  eye  is  distributed. 

(c)  The  inner  nervous  tunic,  or  retina,  which  is  the  terminal  expansion 
of  the  optic  nerve,  and  which  contains  the  specialized  neuro-epithelium, 
or  percipient  elements,  which  receive  the  impressions  which  are  there 
transformed  into  those  stimuli  which,  passing  through  the  optic  ner\'e 
and  continuation  of  the  visual  pathway  in  the  brain,  ultimately  reach 
the  visual  center  in  the  occipital  lobe. 

External  Tunic. — The  maintenance  of  the  form  of  the  eyeball 
depends  upon  the  outer  or  fibrous  tunic,  and  the  normal  tension  of  the 
eye  is  repiesented  by  a  column  of  mercurj^  25  mm.  in  height.  Of  the  two 
portions  of  the  fibrous  external  investment,  the  sclera  forms  five-sixths 
of  it  and  is  a  complete  investment  except  where  pierced  by  vessels  and 
nerves.  The  sclera  is  thickest  near  the  optic  ner\'e,  which  pierces  it 
posteriorly,  and  is  there  about  1  mm.  in  thickness.  It  is  thinnest  at  a 
point  about  7  mm.  from  the  corneal  limbus,  or  beneath  the  expansion 
of  the  ocular  tendons,  but  gains  slightly  in  thickness  at  their  insertions, 
being,  however,  only  0.35  mm.  in  thickness  at  the  former  and  0.6  mm.  at 
the  latter  (Piersol).  There  is  good  anatomic  reason,  therefore,  for  the 
fact  that  scleral  ruptures  as  the  result  of  blows  from  blunt  instruments 
are  usually  found  3  mm.  from  and  concentric  with  the  corneal  margin, 
or,  in  other  words,  in  the  region  where  the  sclera  is  naturally  thinner 
than  it  is  far  posteriorly  (see  page  886). 

Anterior  to  the  equator  are  the  tendinous  insertions  of  the  four  recti 
muscles  at  distances  from  the  corneal  border  which  have  already  been 
noted  (Fig.  454).  In  some  persons'  eyes  the  exact  positions  of  these 
insertions  can  be  seen  through  the  overlying  conjunctiva,  episclera,  and 
investing  capsule.    The  two  oblique  muscles  are  inserted  behind  the 
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equator  at  more  than  double  the  average  distance  of  the  recti  insertions 
(see  page  852). 

Directly  beneath  the  sclera  lies  that  portion  of  the  uveal  tract  com- 
posed of  the  ciliary  body  and  choroid,  and  the  pigment  of  the  latter  struc- 
ture is  visible  through  thin  scleras,  especiaUy  in  children,  giving  them  a 
distinctly  bluish  tinge.  The  yellow  sclerotic  of  the  aged  is  due  to  the 
accumulation  of  adipose  tissue.  The  framework  of  the  sclera  is  composed 
of  interlacing  bundles  of  white  fibrous  tissue,  in  which  exists  a  system 
of  communicating  lymph-spaces  containing  connective-tissue  cells,  the 
so-called  sclerotic  corpuscles. 

In  advance  of  the  insertions  of  the  tendons  of  the  ocular  muscles  is 
the  union  of  the  cornea  and  the  sclera,  and  the  junction  of  these  two 
unequally  curved  surfaces  gives  rise  to  the  formation  of  a  slight  groove, 

known  as  the  scleral  sulcus. 
When  the  intraocular  tension 
is  greatly  increased  and  the 
convexity  of  the  cornea  less- 
ened, this  sulcus  may  be  oblit- 
erated. 

A  zone  of  sclera  6  mm.  in 
width  directly  surrounding  the 
corneal  margin  is  often  spoken 
of  as  the  danger  zone  of  the  eye, 
because  just  beneath  it  lies  the 
ciliary  body,  and  wounds  in 
this  region  are  of  especial  dan- 
ger on  account  of  their  inter- 
ference with  the  function  of  this 
important  structure,  as  well  as 
on  account  of  the  frequency 
with  which,  when  improperly 
treated,  or  when  they  have 
become  infected,  they  give  rise 
to  inflammation  of  the  ciUary 
region  of  the  opposite  eye  in  the  form  of  so-called  sympathetic  ophthal- 
mitis. 

At  the  anterior  end  of  the  sclera  in  its  deeper  layers,  and  passing  circu- 
larly around  the  cornea,  is  the  scleral  sinus j  or  canal  of  Schlemniy  which  is  a 
venous  channel,  and  just  in  front  of  which,  at  the  corneal  limbus,  the 
sclerotic  merges,  first  through  its  deeper  and  finally  through  its  superfi- 
cial layers,  into  the  other  portion  of  the  external  fibrous  tunic,  which  is 
known  as  the  cornea.  The  important  relation  of  the  canal  of  Schlemm 
to  the  filtration  of  the  internal  ocular  fluids  through  the  anterior  chamber, 
which  will  presently  be  described,  must  be  kept  clearly  in  mind,  as  must 
also  the  anatomy  of  the  structures,  superficial  and  deep,  at  this  juncture, 
ordinarily  known  as  the  corneoscleral  junction  (Fig.  455). 

The  cornea  constitutes  the  anterior  one-sixth  of  the  external  fibrous 
tunic^  is  thickest  at  its  periphery,  where  its  diameter  is  1.1  mm.,  and 


Fio.  464. — The  Eyeball  in  ntu  with  its  MuscfLBS 

AFTER  Removal  of  Surrounding  Parts  of 

Orbital  Contents  (Testut). 

1,  Eyeball;    2,  superior  rectus;  3,  levator  pal- 

pebrsp;    4,   inferior  rectus;    5,   internal   rectus;    6, 

external    rectus:     7,    inferior   oblique;     8,    superior 

oblique;  8',  pulley  and  reflected  tendon  of  same. 
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thinnest  at  its  center,  0.8  mm.  It  is  composed  of  five  layers:  An 
external  epithelial  layer  derived  from  the  conjunctiva,  beneath  which 
is  a  homogeneous  layer  known  as  the  anterior  elastic  membrane.  Follow- 
ing this  is  the  true  substance  of  the  cornea,  succeeded  by  a  posterior  Hmit- 
ing  membrane  upon  which  rests  the  posterior  endothelium.  The  corneal 
substance  proper  is  composed  of  lamellae  of  fibrous  tissue,  in  many  places 
separated  by  intervening  clefts  which  constitute  the  so-called  corneal 
spaceSf  and  from  these  pass  minute  ramifications,  the  corneal  canals, 
that  communicate  with  adjacent  spaces.  These  intercommunicating 
channels  represent  the  lymph  system  of  the  cornea.  Within  the  corneal 
spaces  are  the  connective-tissue  bodies  known  as  the  corneal  corpuscles. 
The  cornea, 
therefore,  is 
permeated 
thoroughly 
with  lymph, 
but  contains  no 
blood-vessels 
except  the  rich 
plexus  which  in- 
vades for  about 
1  mm.  its  peri- 
phery.  The 
membrane  is 
beautifully 
transparent, 
and  constitutes 
one  of  the  two 
chief  refractive 
structures  of 
the  eye.  It  is 
richly  supplied 
with  nerves  de- 
rived from  the 
trigeminus. 

The  poste- 
rior elastic  lamina,  often  called  the  membrane  of  Descemet,  which 
both  in  anatomic  arrangement  and  chemical  properties  differs  from 
the  corneal  tissue  itself,  at  its  periphery  develops  a  number  of  fibers 
which  pass  over  to  the  base  of  the  iris  and  form  the  structure  named  the 
ligamentum  pedinatum  iridis.  Between  these  fibers  are  certain  spaces 
called  the  spaces  of  Fontana,  and  these  communicate  with  the  anterior 
or  aqueous  chamber  and  with  the  canal  of  Schlemm,  which  has  already 
been  described. 

Middle  Vascular  Tunic,  Comeoscleral  Junction,  and  Crystalline 
Lens. — Between  the  posterior  surface  of  the  cornea  in  front  and  the  ciliary 
body,  suspensory  ligament,  and  crystalline  lens  behind,  is  the  firet  impor- 
tant chamber  of  the  eyeball,  usually  known  as  the  aqueous  chamber, 


Fia.  455. — Photomicrograph    Showing    the    Corneobcleral    Junc- 
tion (Human).     X  30. 


856  SURGERY   OF  THE   EYE. 

and  which  contains  a  clear  watery  fluid,  the  aqueous  humor,  which  is 
*'secreted"  and  supplied  by  the  ciliary  processes  and  their  contained 
glands,  and  in  part  by  the  blood-vessels  of  the  posterior  surface  of  the 
iris.  This  chamber  is  divided  into  two  portions  by  the  iris,  which, 
attached  at  its  ciliary  border,  but  elsewhere  loose  and  resting  lightly 
at  its  pupillary  margin  against  the  capsule  of  the  lens,  is  perforated  by  a 
circular  aperture  near  its  center,  known  as  the  jrupU^  which  establishes  a 
communication  between  the  two  chambera  thus  formed,  the  anterior 
being  the  space  described  above,  and  the  posterior  the  space  betw'een 
the  posterior  surface  of  the  iris  and  the  anterior  surface  of  the  crystalline 
lens  and  suspensory  ligament. 

The  iris  is  divided  into  five  layers,  its  greater  portion,  or  vascular 
stroma  layer,  consisting  of  connective  tissue  rich  in  blood-vessels  and  of 
nerves  and  muscular  tissue.  The  pupil  is  surrounded  by  an  annular 
band  of  fibers,  known  as  the  sphincter  of  the  pupily  which  is  in  contact 
with  the  lens-capsule.  Posteriorly  a  layer  of  radially  placed  fibers 
represents  the  dilator  of  the  pupil. 

Behind  the  iris  is  continuous  with  the  ciliary  body;  in  front  it  joins 
the  posterior  limiting  membrane  of  the  cornea  through  the  pectinate 
ligament  in  the  manner  already  described.  The  ciliary  border  of  the 
iris  is  at  least  3  mm.  behind  the  apparent  rim  of  the  cornea,  as  one  views 
this  from  the  front — a  fact  to  be  remembered  in  operations  on  the  iris 
(see  page  878).  At  its  point  of  attachment  it  is  loosely  adherent,  and 
may  be  readily  detached  during  operative  interference,  or  as  the  result 
of  blows. 

Where  the  tissue  of  the  sclera  merges  into  that  of  the  cornea  is  the 
corneoscleral  junctioriy  and  at  this  region  there  is  a  union  of  the  cornea, 
sclera,  iris,  and  ciliary  body.  The  manner  in  which  the  iris  and  cornea 
join  through  the  pectinate  ligament  has  been  described,  as  has  the  circu- 
lar venous  channel  surrounding  the  limbus  of  the  cornea,  known  as  the 
canal  of  Schlemm.  The  intraocular  fluid  which  is  concerned  with  the 
nourishment  of  the  vitreous  and  the  lens  and  which  supplies  the  aqueous 
chamber  is  secreted  by  the  epithelium  of  the  ciliary  body.  The  chief 
stream  of  this  fluid  proceeds  over  the  lens  and  through  the  pupil  into  the 
anterior  chamber,  traverses  the  latter  to  reach  the  angle  which  is  formed 
by  the  junction  of  the  tissues  already  described,  and  there  passes  through 
the  meshes  of  the  pectinate  ligament,  and  by  diffusion  and  filtration  is 
taken  up  by  Schlemm's  canal.  From  this  canal  the  greater  quantity 
of  the  fluid  passes  into  the  anterior  ciliary  veins,  a  small  portion  of  it 
only  being  absorbed  and  eliminated  by  the  iris.  There  is  also  a  limited 
iDackward  flow  through  the  vitreous  of  this  same  fluid,  and  an  escape  by 
way  of  the  perivascular  lymph-channels  in  the  optic  nerve.  It  has 
already  been  pointed  out  that  the  intraocular  pressure  is  equivalent  to  a 
column  of  mercury  25  mm.  in  height,  and  it  remains  within  its  physio- 
logic limits  only  if  nothing  disturbs  the  regulation  of  the  tension.  Should 
the  pressure  in  the  ocular  chambers  rise  above  the  physiologic  limits, 
glaucoma  results  (see  page  880). 

Directly  behind  the  iris  lies  the  crystalline  lens,  a   biconvex  body 
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incased  in  a  hyaline  elastic  capsule,  which  is  somewhat  thicker  anteriorly 
than  it  is  posterioriy,  and  which  is  held  in  position  by  its  suspensory 
ligament,  which  passes  from  its  capsule  near  the  equator  all  around  to 
the  surrounding  ciliary  processes.  Against  its  capsule  in  front  rests  the 
iris.  Posteriorly  the  lens  occupies  a  cup  in  the  front  of  the  vitreous, 
and  the  entire  crystalline  body  is  bathed  in  the  aqueous  humor.  The 
lens  is  about  9  mm.  from  side  to  side  and  4  mm.  thick.  In  adult  life 
it  is  composed  of  a  harder  central  part,  known  as  the  nt^cfeiw,  and  a 
surrounding  soft  matter,  which  is  called  the  cortex.  The  suspensory 
ligament  of  the  lens  is  formed  partly  of  thickened  portions  of  the  hyaloid 
membrane  and  partly  of  fibers  derived  from  the  folds  of  the  ciliary  region. 

Between  the  attached  or  ciliary  border  of  the  iris  anteriorly  and  the 
choroid  coat  posteriorly  is  the  middle  portion  of  the  vascular  tunic  of  the 
eye,  known  as  the  ciliary  body,  which  is  composed  of  two  important 
portions,  the  ciliary  muscle  and  the  ciliary  process.  The  ciliary  muscle 
lies  behind  the  corneoscleral  junction,  and  in  cross-section  appears  as  a 
triangular  band  of  muscle  fibers  which  are  both  meridionally  and  circu- 
larly placed.  The  meridional  fibers  arise  from  the  sclera  and  are  inserted 
into  the  choroid,  while  the  circular  fibers  surround  the  attached  margin 
of  the  iris  (see  page  855). 

Upon  the  internal  surface  of  the  ciliary  body  are  about  seventy  irregu- 
lar projections,  known  as  the  ciliary  processes^  to  which  are  attached  the 
fibers  of  the  suspensory  ligament  of  the  crystalline  lens.  The  ciliary 
body  has  a  rich  supply  of  blood-vessels  and  nerves,  and  the  ciliar}^  pro- 
cesses are  composed  of  a  connective-tissue  stroma,  pigment,  and  numer- 
ous blood-vessels. 

The  posterior  portion  of  the  uveal  tract,  or  middle  or  vascular  coat 
of  the  eyeball,  is  the  choroid,  which  is  a  densely  pigmented,  highly  vascu- 
lar layer  which  lies  between  two  non-vascular  stride,  the  former  being  the 
suprachoroidal  membrane,  lying  directly  beneath  the  sclera,  and  the 
other  the  vitreous  lamina,  which  separates  it  from  the  retina.  The  inter- 
vening tissue  is  composed  of  numerous  smaller  and  larger  blood-vessels, 
elastic  fibers,  pigment  cells,  and  endothelium.  It  joins  the  ciliar>'  body 
in  front,  which  body,  indeed,  by  means  of  the  tensor  choroideae,  is  inserted 
into  it.  It,  like  the  ciliary  body,  is  largely  concerned  with  the  nutrition 
of  the  eyeball. 

From  the  surgical  standpoint  this  membrane  is  important  on  account 
of  the  frequency  with  which  various  forms  of  sarcoma  and  endothelioma 
are  developed  in  it,  necessitating  enucleation  of  the  eyeball  and  sometimes 
evisceration  of  the  orbit. 

The  Inner  Tunic. — The  inner  nervous  tunic  of  the  eye  is  the  retina, 
which  morphologically  extends  from  the  entrance  of  the  optic  ner\^e  to  the 
pupillary  margin  of  the  iris.  That  portion  which  lies  between  the  optic 
nerve  entrance  and  the  ciliary  body,  and  which  is  situated  between  the 
choroid  and  the  vitreous,  is  the  portion  of  the  membrane  which  is  espe- 
cially related  to  the  function  of  vision.  At  the  ciliary  body  the  retina 
proper  terminates  in  an  irregular  line,  the  ora  serrata.  The  retina  proper 
is  a  highly  evolved  and  complicated  structure,  which  from  the  histologic 
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standpoint  is  divided  into  three  layers:  (1)  The  layer  of  the  neuro-epithe- 
lium,  composed  of  two  strata,  namely,  the  layer  of  the  rods  and  cones 
and  the  external  nuclear  layer,  the  former  constituting  the  specialized 
outer  portions  and  the  latter  the  nucleated  bodies  of  the  visual  cells. 
(2)  The  layer  of  the  bipolar  cells,  which  by  some  authorities  are  looked 
upon  as  the  peripheral  visual  neurons.  (3)  The  layer  of  the  ganglion 
cells.  The  long  processes,  or  axons,  of  these  cells  pass  into  the  nerve- 
fiber  layer  of  the  retina,  reaching  the  papilla  or  nerve-head,  and  proceed 
to  the  optic  nerve.  They  constitute  the  only  retinal  layer  which  is  directly- 
continuous  with  the  intraocular  end  of  the  optic  nerve. 

The  entire  eyeball  is  filled  with  a  colorless,  jelly-like  mass,  known  as 
the  vitreousj  in  its  turn  inclosed  in  a  structureless  membrane  called  the 
hyaloid.  This  membrane,  as  we  have  already  seen,  is  in  contact  in  front 
with  the  posterior  capsule  of  the  lens  and  with  its  suspensory  ligament, 
which,  indeed,  is  in  part  a  development  from  it.  The  knowledge  of  these 
relations  is  important  in  cataract  extraction  (page  866).  It  is  also  in 
contact  with  the  inner  surface  of  the  ciliary  part  of  the  retina,  with  the 
retina  proper,  and  with  the  optic  papilla.  The  vitreous,  filling  approx- 
imately four-fifths  of  the  capacity  of  the  eyeball,  holds  in  place  the  retina, 
and  hence  after  wounds  of  the  eyeball  involving  much  loss  of  vitreous, 
retinal  detachment  is  apt  to  occur. 

The  Eyelids  and  Conjunctiva.— The  eyelids  are  composed  of  skin, 
subcutaneous  tissue,  the  orbicularis  palpebrarum  muscle,  the  palpebral 
ligaments,  the  orbitotarsal  ligament,  the  tarsal  plates,  numerous  glands, 
notably  the  Meibomian  glands,  vessels  and  nerves,  and  their  under  sur- 
faces are  lined  with  conjunctiva. 

The  skin  of  the  eyelids  is  notable  for  its  thinness.  It  is  often  some- 
what darker  than  the  surrounding  skin,  particularly  that  of  the  under 
lid.  The  superficial  fascia  contains  no  fat  except  in  its  peripher}\  Be- 
neath it  is  a  delicate  areolar  tissue.  The  lids  are  readily  swollen  and 
infiltrated  with  blood,  and  under  certain  circumstances  with  air.  The 
shape  of  the  lids  is  largely  maintained  by  the  tarsal  cartilages,  a  mis- 
nomer in  so  far  as  the  word  cartilage  is  concerned,  inasmuch  as  these 
structures  are  stiff  plates  of  dense  connective  tissue  and  are  entirely  free 
from  cartilage  cells.  The  breadth  of  the  upper  tarsus  is  9  mm.,  of  the 
lower  4  nmi.,  and  the  length  of  each  about  20  mm.  The  tarsi  are  thickest 
in  their  center,  thinning  off  at  each  end,  where  they  join  the  outer  and 
internal  palpebral  ligaments. 

By  a  thin  aponeurosis  the  levator  palp^rce  superioris  muscle  is  in- 
serted into  the  upper  border  of  the  superior  tarsal  cartilage.  This  muscle 
is  above  the  superior  rectus,  and  its  upper  surface  is  in  relation  with  the 
frontal  nerve  and  the  supraorbital  artery.  It  is  innervated  by  the  oculo- 
motor or  third  nerve.  The  levator  widens  into  an  expansion  which 
spans  the  whole  of  the  orbit  from  one  wall  to  the  other,  and  which  sepa- 
rates the  larger  or  true  lachrymal  gland  from  its  accessor}'  portion  below 
it.  This  expanded  portion  of  the  levator  is  divided  into  two  layers,  and 
the  greater  portion  of  it,  which  is  inserted  into  the  upper  part  of  the  tarsus, 
contains  the  involuntary  muscle-fibers  of  Miiller,  the  superior  palpebral 
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muscle,  the  function  of  which  is  to  draw  the  skin  of  the  lid  to  the  fold 
above  the  tarsus  when  the  lids  are  opened.  There  are  also  involuntary 
muscle  bundles  of  much  less  importance  and  development  in  connec- 
tion with  the  inferior  tarsus,  which  probably  is  also  connected  with 
fibers  which  proceed  from  the  sheath  of  the  inferior  rectus;  hence  the 
drooping  of  the  lower  lid  which  sometimes  is  apparent  after  tenotomy 
of  this  muscle. 

Continuous  with  the  periosteum  of  the  orbit  are  the  orbitotarsal 
fascias,  which  are  fibrous  membranes  extending  from  the  superior  and 
inferior  orbital  margins  to  the  tarsal  cartilages.  The  septum  orbitale 
is  a  distinct  membrane  in  the  upper  lid,  but  much  more  delicately  con- 
structed and  less  easily  demonstrated  in  the  lower  lid.  It  fuses  in  the 
upper  lid  with  the  expansion  of  the  tendon  of  the  levator  palpebrse 
superioris  muscle. 

The  external  palpebral  ligament,  which  proceeds  from  the  outer  angle 
of  the  lids  to  the  malar  bone,  is  constructed  by  a  thickening  of  some  of 
the  fibers  of  this  membrane.  It  is  a  poorly  developed  tissue.  On  the 
other  hand,  the  inner  palpebral  ligament  is  a  strong  band,  which  anatomi- 
cally is  the  direct  tendon  of  the  orbicularis  muscle,  and  which  is  readily 
demonstrated  by  drawing  the  lids  outward,  when  it  shows  as  a  tense 
band  beneath  the  skin  to  which  it  is  attached.  It  proceeds  from  the 
internal  ends  of  the  tarsal  ligaments  to  the  superior  maxillary  bone  in 
front  of  the  lachrymal  groove,  and  lies  upon  a  portion  of  the  septum 
orbitale,  to  which  it  is  tightl}'  attached. 

Between  the  areolar  tissue  and  the  tarsal  cartilages  lie  the  fibers  of 
the  orbicularis  palpebrarum,  cur\ang  to  be  inserted  by  a  tendon  formed 
in  the  manner  already  described.  Its  function  is  to  close  the  eyelid, 
and  it  is  innervated  by  the  facial  nerve. 

Of  the  numerous  glands  in  the  eyelids,  the  most  important  are  the 
Meibomian  glands,  which  are  embedded  in  the  tarsus,  their  ducts  termi- 
nating at  the  margin  of  the  lid,  which  is  lubricated  by  their  secretion. 
In  addition  to  these,  there  are  a  number  of  other  glands,  for  example,  those 
at  the  free  border  of  the  lid,  which  are  analogous  to  the  sebaceous  and 
sweat-glands  of  the  skin  elsewhere;  also  the  modified  sweat-glands  of 
Moll,  and  in  the  neighborhood  of  the  upper  convexity  of  the  tarsus 
small  acino-tubulous  glands  (Krause's  glands)  which  discharge  their 
contents  into  the  upper  retrotarsal  fold  and  are  analogous  to  the  lachrymal 
glands  in  structure.  Reference  is  made  to  these  because  they  are  the 
starting-point  of  a  number  of  growths  which  have  their  habitat  in  the 
lids  and  their  contained  structures. 

The  inner  surfaces  of  the  eyelids  are  lined  by  mucous  membrane, 
forming  the  palpebral  conjunctiva.  To  the  tarsal  portion  of  the  lids 
this  conjunctiva  adheres  closely,  but  beyond  this  point  is  freely  movable, 
and  beneath  it  there  is  a  loose  submucous  tissue.  After  covering  the 
under  surface  of  the  lids,  the  conjunctiva  is  continued  over  the  front 
of  the  eyeball,  where  it  receives  the  name  of  the  ocular  conjunctiva, 
and  at  the  position  at  which  it  bends  to  pass  from  the  lids  to  the  globe 
it  receives  the  name  fornix.    Passing  over  the  globe,  the  conjunctiva 
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reaches  the  corneal  border,  where  it  blends  with  the  conjunctival  layer 
of  the  cornea.  If  it  is  carefully  dissected  from  its  position  lining  the 
lids  and  covering  the  front  of  the  globe,  and  floated  out  into  a  single  piece, 
it  covers  an  area  approximately  the  size  of  the  palm  of  the  hand.  In 
health  it  is  transparent,  and  its  arteries,  poorly  developed,  are  derived 
from  the  palpebral  and  lachrymal  branches  of  the  ophthalmic,  while 
those  of  the  underlying  episcleral  tissue  come  from  the  anterior  ciliary 
branches  of  the  ophthalmic. 

It  is  customary  to  divide  the  blood-vessel  supply  into  three  systems, 
namely: 

(a)  The  posterior  conjunctival  vessels,  whose  congestion  produces  a 
bright  red  velvety  color,  moving  on  pressure  of  the  eyelids  with  the 
shifting  of  the  conjunctiva. 

(6)  The  anterior  ciliary  vessels,  composed  of  perforating  and  non- 
perforating  arteries  and  veins.  The  former  supply  the  sclerotic,  iris, 
and  ciliary  body  and  are  easily  seen  in  health,  entering  about  5  mm. 
from  the  corneal  margin,  while  the  non-perforating  branches  are  not 
visible  in  the  normal  eye,  but  under  pathologic  congestion  produce  the 
pink  zone  which  surrounds  the  cornea  when  the  iris  and  ciliary  body  are 
inflamed. 

(c)  The  anterior  ciliary  vessels  and  the  plexus  surrounding  the  cornea, 
which  are  brightly  injected  when  this  tissue  is  inflamed. 

Through  the  conjunctiva  may  be  seen  a  series  of  vertical  yellow 
lines  over  the  tarsus,  which  mark  the  position  of  the  Meibomian  glands 
embedded  in  its  substance.  The  separation  between  the  margins  of  the 
Hd  when  the  eyes  look  straight  forward  is  about  12  mm.,  the  width 
varying  somewhat  with  the  movements  of  the  eyeballs,  being  greatest 
when  they  are  directed  upward.  At  the  union  of  the  eyehds  outward 
and  inward  are  the  canthi,  at  which  position  are  the  canthal  ligaments 
already  described.  Just  within  the  inner  canthus  there  is  a  small,  red- 
dish prominence,  the  lachrymal  caruncle,  and  between  it  and  the  eyeball 
a  fold  of  conjunctiva  known  as  the  plica  semilunaris. 

The  Lachrymal  Apparatus. — The  lachrymal  gland  (see  also  page 
852)  is  composed  of  unequal  parts,  one  above  and  the  other  beneath  the 
tendinous  expansion  of  the  levator  palpebne.  The  upper  or  superior 
lachrymal  gland  reaches  almost  to  the  edge  of  the  orbit.  Its  outer  bor- 
der passes  nearly  to  the  expansion  of  fascia  from  the  external  rectus, 
while  its  inner  border  extends  to  the  outer  edge  of  the  superior  rectus. 
It  may  readily  be  reached  by  an  incision  which  passes  through  the  eye- 
brow along  the  outer  third  of  the  orbital  margin.  The  smaller  division 
of  the  gland,  or  inferior  lachrymal  gland,  is  situated  just  behind  the  outer 
third  of  the  upper  fornix  of  the  conjunctiva  and  extends  as  far  as  the 
external  canthus.  This  portion  of  the  lachrymal  gland  presents  just 
above  the  outer  canthus  if,  the  eyeball  being  directed  downward,  the 
upper  lid  is  everted  and  drawn  upward  and  outward,  and  it  may  be 
readily  reached  and  excised  when  it  is  thus  exposed  by  incising  its  con- 
junctival covering. 

On  the  margin  of  each  lid  near  the  inner  canthus  are  two  small  eleva- 
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tions,  the  lachrymal  papiUcBf  which  contain  minute  apertures  which  lead 
into  the  lachrymal  canaliculiy  which  extend  from  this  position  to  the 
lachrymal  sac.  This  sac  lies  in  a  depression  in  the  lachrymal  bone  at 
the  inner  angle  of  the  orbit.  It  is  covered  in  front  by  the  inner  canthal 
ligament,  but  extends  slightly  above  it.  This  relationship  is  important 
in  the  operation  of  removal  of  the  lachrymal  sac  (page  923). 

From  the  lower  end  of  the  sac  passes  the  nasal  duct,  its  direction 
being  downward  and  slightly  backward  and  outward.  It  lies  in  a  bony 
canal  whose  periosteum  forms  its  outer  covering  and  terminates  in  the 
inferior  meatus  of  the  nose.  The  sac  and  nasal  duct  together  constitute 
the  lachrymo-nasal  canal,  which  is  lined  with  mucous  membrane  and 
which  is  about  24  mm.  in  length.  When  the  sac  is  distended,  its  diameter 
is  about  7  mm.  and  its  length  12  mm.  The  greatest  diameter  of  the  nasal 
duct  is  about  4  mm. 
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In  so  far  as  the  preparation  of  their  hands,  gowns,  operating  rooms, 
and  surroundings  is  concerned,  ophthalmic  surgeons  follow  the  strict 
rules  of  modem  surgery,  but  inasmuch  as  the  tissues  involved  in  many 
of  their  operations  are  of  exceedingly  delicate  structure,  certain  modifica- 
tions in  technic  are  necessary. 

Preparation  of  the  Skin  of  the  Region  of  Operation.— The 
face,  surface  of  the  closed  lids,  eyebrows,  brow  and  scalp,  should  be 
thoroughly  washed  with  soap  and  water,  next  with  alcohol,  and  finally 
with  corrosive  sublimate,  1:2000;  the  conjunctival  sac  may  be  freely 
irrigated  with  a  bichlorid  solution  1:8000.  Subsequently  the  parts 
should  be  covered  with  a  compress  of  lint  soaked  in  the  bichlorid  solution 
until  the  time  for  operation  arrives.  For  an  operation  which  contem- 
plates an  incision  into  the  globe  of  the  eye — for  example,  the  extraction 
of  cataract — the  technic  must  be  more  elaborate.  For  some  days  pre- 
vious to  the  operation  the  margins  of  the  lids,  their  surfaces,  and  the 
eyebrows  should  be  frequently  washed  with  soap  and  water  and  the  con- 
junctival cul-de-sac  irrigated  with  a  saturated  solution  of  boric  acid  or 
a  sublimate  solution,  1 :  5000.  If,  in  spite  of  these  precautions,  bacterio- 
logic  examination  demonstrates  the  presence  of  pathogenic  organisms, 
the  operation  must  be  postponed  until  they  have  been  made  to  disappear 
by  suitable  treatment. 

During  these  days  the  nasopharynx  should  be  frequently  sprayed 
with  Dobeirs  solution,  or  with  a  1  to  3  solution  of  peroxid  of  hydrogen, 
or,  following  a  recommendation  of  J.  A.  Lippincott,  of  Pittsburg,  with 
a  solution  of  permanganate  of  potassium,  1 :  5000.  It  is  the  custom  of 
many  surgeons  to  place  upon  the  eye  which  is  to  be  subjected  to  an  opera- 
tion a  bandage  during  the  night  prior  to  its  performance,  which  holds 
in  place  a  small  eye  pad,  which  has  been  soaked  either  in  a  solution  of 
boric  acid  or  in  a  solution,  1 :  5000,  of  bichlorid  of  mercury.  If  on  its 
removal  any  secretion  is  found  upon  the  lashes  or  the  overlying  pad 
the  operation  is  postponed  until  a  perfectly  clean  pad  is  obtained.    In 
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my  experience  this  is  not  a  useful  procedure,  as  it  tends  to  encourage 
conjunctival  hyperemia. 

A  better  method  is  that  recommended  by  J.  A.  White,  of  Richmond, 
according  to  which  on  the  night  prior  to  the  operation  the  conjunctival  sac 
is  filled  with  vaselin,  which  has  been  sterilized  by  boiling,  and  to  which  in 
the  proportion  of  1  :  3000  bichlorid  of  mercury  is  added.  This  bichlorid- 
vaselin  should  remain  in  the  conjunctival  sac  until  the  following  day.*  If 
there  is  any  discharge  from  the  lachrymal  sac,  this  structure  must  be 
brought  into  a  healthy  condition,  and  if  dacryocystitis  is  present,  the  sac 
should  be  excised  (see  page  923),  or  the  canaliculi  may  be  tied  by  passing  a 
thread  beneath  each  one  of  them,  in  the  manner  recommended  by  the  late 
Frank  BuUer. 

To  shave  the  eyebrows  and  to  trim  the  lashes  before  an  operation  for 
cataract,  or,  following  the  recommendation  of  Hjort,  to  epilate  the  cilia, 
are  unnecessary  procedures.  If  blepharitis  is  present,  the  operation 
must  be  postponed  until  the  condition  is  cured.  Just  prior  to  the  opera- 
tion the  cilia  should  be  carefully  cleansed  with  a  pledget  of  cotton  dipped 
in  a  1:5000  bichlorid  solution,  and  the  inner  canthus  and  everted  lids 
gently  mopped  with  a  cotton  wad  steeped  in  the  same  solution.  Follow- 
ing this,  the  conjunctiva  may  be  freely  and  somewhat  forcibly  irrigated 
with  a  tepid  boric  acid  or  physiologic  salt  solution,  but  strong  solutions  of 
bichlorid  are  not  only  unnecessary,  but  unwise.  A  precaution  sometimes 
taken  is  to  introduce  the  point  of  an  Anel  syringe  into  each  punctum 
and  gently  irrigate  the  canaliculi,  lachrymal  sac,  and  lachrymal  duct, 
with  either  a  1 :  5000  bichlorid  of  mercury  solution,  or  a  saturated  solu- 
tion of  boric  acid. 

Preparation  of  Instruments. — All  coarse  instruments,  such  as 
hooks,  spatulas,  forceps,  etc.,  should  be  sterilized  in  the  usual  manner  in 
a  small  sterilizer.  Delicate  instruments,  for  example,  cataract  knives, 
even  if  carefully  wrapped  in  cotton,  are  almost  certain  to  be  dulled  by 
being  boiled  in  water  or  placed  in  the  usual  sterilizing  apparatus.  Hence, 
Stroschein  and  others  recommend  as  sufficient  that  they  shall  be  rubbed 
with  cotton-wool  soaked  in  a  mixture  of  equal  parts  of  alcohol  and 
ether,  and  subsequently  washed  in  a  solution  of  carbolic  acid  1  :  20. 
Carbolic  acid,  although  reconunended  by  Haab  and  other  distinguished 
surgeons,  has  not  seemed  satisfactory  to  me,  and  it  is  probable  that 
the  very  sharp,  delicate  blade  of  a  cataract  knife  can  be  perfectly 
sterilized  by  wiping  it  vigorously  with  cotton  soaked  in  absolute  alcohol. 

A  number  of  investigations,  notably  those  by  E.  A.  de  Schweinitz, 
H.  O.  Reik,  and  W.  J.  Watson,  indicate  that  formaldehyd  is  of  practical 
value  for  disinfecting  small  instruments,  and  in  the  Massachusetts  Eye 
and  Ear  Infirmary  it  is  the  practice  of  many  of  the  ophthalmic  surgeons 
to  utilize  this  form  of  sterilization. 

Dressings  and  Sutures.— The  preparation  of  dressings  and  sutures 

*  White's  formula  is  as  follows: 

Bichlorid  of  mercury gr.  j 

Sodium  chlorid gr.  v 

Vaselin 3  vj 
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does  not  differ  from  that  which  applies  to  gauze,  cotton,  and  bandages, 
used  in  ordinary  surgical  procedures.  Either  a  single  or  double  gauze 
bandage  is  usually  employed,  or  a  modification  of  Leibreich's  bandage. 
Many  ophthalmic  surgeons  place  over  an  ordinary  dressing  composed 
of  an  oval  of  gauze  and  sufficient  sterilized  absorbent  cotton  to  fill  out 
the  orbital  space,  a  knitted  bandage  which  is  tied  in  place  with  tapes 
proceeding  from  each  end.  Certain  special  dressings  suited  to  cataract 
extraction  will  be  referred  to  on  page  869. 

Sutures  may  be  composed  of  either  catgut  or  silk  prepared  in  the 
usual  manner.  I  am  of  the  opinion  that  catgut  is  not  to  be  compared 
in  usefulness  to  silk,  even  where  the  sutures  are  buried,  as  in  the 
operation  of  implantation. 

General  Anesthesia. — ^The  indications  for  general  anesthetics  in 
ophthalmic  surgery  are  comparatively  limited.  They  are  necessary  in 
most  enucleations,  in  eviscerations,  in  many  of  the  plastic  operations, 
sometimes  in  advancements  of  the  ocular  muscles,  and  in  many  of  the 
cases  of  glaucoma.  The  surgeon  must  decide  between  ether  and  chloro- 
form, and  although  the  latter  has  certain  distinct  advantages  in  ophthal- 
mic surgery  owing  to  the  rapidity  of  its  action  and  the  lessened  danger  of 
nausea  and  vomiting,  it  is  not  so  safe  as  ether,  and  therefore  ether  is 
to  be  preferred.  Bromid  of  ethyl  has  been  recommended,  but  I  am  not 
impressed  favorably  with  this  anesthetic.  An  excellent  practice  is  to 
begin  the  anesthesia  with  nitrous  oxid,  and  primary  inhalation  of  ethyl- 
chlorid,  which  of  itself  is  a  suitable  anesthetic  in  many  short  ophthalmic 
operations,  is  worthy  of  commendation. 

Local  Anesthesia  and  Analgesia. — For  local  anesthesia  hydro- 
chlorate  of  cocain  still  holds  the  firat  place.  It  may  be  employed  in  a 
2  to  4  per  cent,  solution,  and  I  have  never  seen  the  slightest  ad- 
vantage in  the  stronger  solutions  sometimes  recommended.  Its  influence 
upon  the  corneal  epithelium  is  a  matter  of  some  importance,  and  after 
it  is  dropped  into  the  conjunctival  cul-se-sac  the  lids  must  be  kept  closed 
between  the  instillations,  or,  as  the  investigations  of  Mellinger  have 
shown,  the  drug  may  prevent  closure  of  the  corneal  wound.  Gelatin 
discs  impregnated  with  cocain  have  no  advantage  over  a  solution  of  the 
drug.  Haab  recommends  an  application  of  a  thin  layer  of  cocain  in  crystals. 
Cocain  solutions  may  with  care  be  sterilized  by  boiling  in  specially  prepared 
flasks;  for  example,  those  designed  by  Stroschein  and  their  modifications 
by  Sidler-Huguenin,  or  in  the  one  designed  by  Llewellyn,  of  Philadelphia. 
The  addition  of  antiseptics — for  example,  a  1 :  5000  solution  of  bichlorid 
of  mercury,  or  a  1  :  1000  of  trikresol,  to  the  solution  of  cocain — has  also 
been  recommended.  Eucain,  although  it  is  an  efficient  anesthetic, 
produces  congestion  of  the  conjunctiva,  and  is  not  to  be  compared  in 
value  to  cocain.  It  has  the  advantage,  however,  of  not  being  decomposed 
by  boiling,  and  is  a  useful  drug  for  subcutaneous  injection.  Holocain  in  a 
strength  of  1  per  cent,  produces  local  anesthesia  in  from  fifteen  seconds 
to  one  minute,  and  has  the  advantage  over  cocain  of  not  enlarging  the 
pupil  or  increasing  intraocular  tension.  It  probably  possesses  mild 
bactericidal  qualities.     Some  surgeons  prefer  it  to   cocain.    Acoin,  a 
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drug  related  to  caffein  and  theobromin,  is  an  active  local  anesthetic  in 
unirritated  eyes,  in  a  strength  of  1 :  100  or  1 :  300.  In  congested  eyes, 
however,  repeated  instillations  do  not  produce  satisfactory  anesthesia. 
It  is,  however,  a  very  useful  anesthetic  to  add  to  solutions;  for  example, 
physiologic  salt  solution,  or  bichlorid  of  mercury  solution  when  used  in 
subconjunctival  injections.  Stovain  in  4  per  cent,  solution  produces 
some  smarting  and  burning  of  the  conjunctiva  and  develops  a  local 
anesthesia  which  lasts  for  about  five  minutes.  It  has  no  influence 
on  the  pupil  and  does  not  cause  paresis  of  accommodation.  As  it 
is  not  decomposed  by  boiling,  its  sterilization  is  easy.  My  experience 
with  it  is  a  limited  one,  but  it  has  not  seemed  to  me  to  have  any 
advantages  over  cocain.  The  glycerin  derivative,  aljrpin,  in  2  per 
cent,  solution,  causes  a  local  anesthesia,  but  creates  a  dilatation  of 
the  superficial  vessels  and  its  instillation  is  followed  by  smarting.  It 
does  not  dilate  the  pupil  and  has  no  influence  upon  accommodation, 
but  is  not  as  satisfactory  as  cocain.  With  tropacocain  I  have  had  no 
experience. 

Other  local  anesthetics,  for  example,  peroin  and  yohimbin,  are  interest- 
ing as  pharmaceutic  compounds,  but  have  no  advantage  in  local  anesthe- 
sia. Dionin  is  a  lymphagog  and  an  analgesic.  It  is  not  an  anesthetic, 
and  has  no  place  in  operative  work,  although  it  is  of  great  importance 
in  the  treatment  of  many  ocular  diseases. 

Infiltration  Anesthesia. — In  many  of  the  lid  operations  satis- 
factory anesthesia  can  be  produced  by  injecting  a  2  to  4  per  cent,  solution 
of  cocain  beneath  the  skin,  or,  still  better,  a  solution  of  eucain  beta. 
The  so-called  infiltration  anesthesia  as  recommended  by  Schleich,  and 
which  is  elsewhere  described,  is  also  available.  Better  than  all  of  the 
mixtures  is  one  composed  of  eucain  beta,  to  which  a  certain  amount  of 
adrenalin  chlorid  is  added;  Barker's  recently  recommended  solution,  in 
my  experience,  being  especially  efficacious.     It  is  composed  as  follows: 

Pure  sodium  chlorid 0.8      gm. 

Beta  eucain 0.2        " 

Adrenalin  clilorid 0.001    " 

Distilled  water 100.0        " 

Not  only  may  a  solution  of  this  character  be  used  in  plastic  operations 
about  the  lids,  but  it  can  be  employed  in  the  operation  of  enucleation. 
The  conjunctiva  is  anesthetized  with  cocain  in  the  usual  manner,  and  a 
few  drops  of  the  adrenalin-eucain  solution,  which  is  still  further  enhanced 
in  value  if  cocain  is  added  to  it,  are  injected  by  means  of  a  long,  sharp- 
pointed  syringe  along  the  course  of  each  of  the  four  recti  muscles. 

Local  Hemostasis. — ^\^arious  preparations  of  suprarenal  capsule 
are  employed  for  local  hemostasis,  the  best  of  them  being  adrenaUn 
chlorid,  which  is  efficient  in  a  solution  of  1  :  10,000.  It  is  useful  in  minor 
operations;  for  example,  the  removal  of  a  pterygium,  or  the  tenotomy 
of  an  ocular  muscle.  As  the  dmg  may  be  added  to  the  ordinary  cocain 
solution,  the  instillation  of  the  mixture  produces  at  once  a  blanching 
of  the  tissues  as  well  as  a  local  anesthesia. 
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Operations  for  the  Extraction  of  Senile  Cataract.— Cataract, 
an  opaque  condition  of  the  crystalline  lens,  is  called  corticaly  if  the  opaci- 
ties radiate  from  the  periphery  toward  the  center,  and  niudear,  if  the 
opacity  includes  and  surrounds  the  nucleus.  The  period  of  growth  of  a 
cataract  from  incipiency  to  full  maturity  ordinarily  consumes  from  one 
to  three  years,  but  the  rate  of  increase  may  be  exceedingly  slow,  and  a 
cortical  cataract  may  remain  immature  for  years. 

A  complete  cataract  is  usually  gray-white  in  color,  sometimes  white 
or  amber,  and  rarely  black.  The  nucleus,  which  itself  does  not  become 
cataractous  but  is  hardened,  is  yellowish  or  brownish  in  color.  If, 
after  full  dilatation  of  the  pupil,  illumination  of  the  pupillary  area  causes 
no  shadow  of  the  iris  to  appear  as  a  dark  semicircle  on  the  opacity  at  the 


Fig.  456. — Instruments  Required  for  Cataract  Extraction. 

a,  Eye  speculum;   b,  fixing  forceps;   c,  curved  iris  forceps;  <f.  metal  spoon;   e,  wire  loop;  /,  cysto- 

tome;  g^  cataract  knife;  h,  capsule  forceps. 


side  from  which  the  light  comes,  and  if  illumination  with  the  ophthal- 
moscopic mirror  reveals  no  red  reflex  and  no  shining  sectors  are  visible, 
the  cataract  is  mature  and  is  said  to  be  '*ripe." 

Ordinarily  it  is  best  to  wait  for  maturity  before  operating,  but  after 
the  sixtieth  year  of  life  a  cataract  may  be  extracted  even  if  some  portions 
of  the  cortex  have  not  yet  fully  matured,  provided  the  lens  is  not  in  the 
stage  of  swelling.  Before  undertaking  an  operation,  examination  must 
be  made  to  ascertain  if  the  interior  of  the  eye  is  in  a  reasonably  healthy 
condition.  For  this  purpose  the  patient  is  placed  before  a  lighted  candle, 
about  2  meters  distant.  The  flame  should  be  distinctly  recognized. 
While  the  eye  attentively  fixes  the  flame,  a  second  lighted  candle  should 
be  moved  radially  through  the  field  of  vision.  The  patient  should  be  able 
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to  recognize  the  flame  as  soon  as  the  rays  strike  the  edge  of  the  cornea, 
and  should  be  able  to  indicate  the  direction  from  which  the  light  is  com- 
ing. If  the  answers  are  accurate  and  if  the  patient's  physical  condition  is 
satisfactory  and  the  eye  and  its  surroundings  are  free  from  disease  and 
sources  of  infection,  the  cataract  may  be  extracted. 

(a)  Extraction  without  Iridectomy,  or  Simple  Extraction. — The 
following  instruments  are  required:  A  stop  speculum,  a  fixation  forceps, 
a  lid  elevator,  a  spatula,  a  wire  loop,  a  spoon,  an  olive-tipped  probe,  a 
curet,  a  cystotome,  capsule  forceps,  a  pair  of  iris  scissors,  iris  forceps, 
and  a  cataract  knife  (Fig.  456).  The  patient  and  eye  having  been  pre- 
pared according  to  the  method  already  described  (page  861),  and  the  eye 
having  been  anesthetized  with  three  drops  of  a  4  per  cent,  solution  of 
cocain,  instilled  at  five-minute  intervals  (if  preferred,  a  2  per  cent,  solu- 
tion of  holocain  may  be  substituted) ,  and  the  patient  having  been  placed 

upon  a  suitable  op- 
erating table  or  op- 
erating chair,  and 
the  field  of  opera- 
tion iUuminated» 
either  from  a  win- 
dow by  daylight, 
all  shadows  being 
eliminated,  or  arti- 
ficially by  means  of 
a  hooded  electric 
light,  the  surgeon, 
if  ambidextrous, 
stands  behind  the 
patient,  no  matter 
which  eye  is  to  be 
operated  upon.  If 
not,  he  takes  this 
position  for  the 
right  eye  only,  but 
stands  at  the  patient's  side  and  in  front  for  an  operation  on  the  left 
eye.  The  speculum  having  been  inserted ,  the  surgeon  steadies  the  eyeball , 
draws  it  downward  with  the  fixation  forceps  by  taking  firm  hold  of  a 
fold  of  conjunctiva  below  the  inferior  border  of  the  cornea,  and  enters  a 
Graefe  cataract  knife  exactly  at  the  corneoscleral  junction  at  the  outer 
extremity  of  a  horizontal  Une  which  would  pass  3  or  4  mm.,  according  to 
the  size  of  the  cataract,  below  the  summit  of  the  cornea,  passes  the  knife 
across  the  anterior  chamber  to  a  corresponding  point  upon  the  opposite 
side,  and  makes  a  counter-puncture  (Fig.  457).  Next,  the  knife  is  pushed 
steadily  onward  as  far  as  possible  with  an  upward  tendency,  and  the 
incision  is  completed  by  a  free  cutting,  not  sawing  or  dragging,  move- 
ment, while  the  knife  is  kept  in  the  same  plane  throughout,  and  its  edge 
is  not  turned  at  the  completion  of  the  section  either  forward  or  backward. 
By  this  maneuver  a  small  conjunctival  flap  is  cut.     If  this  is  not  desired^ 


Fio.  467.— The  Incision  in  Cataract  Extraction. 
Puncture  and  counter-puncture  have  been  made.     The  section 
will  pass  in  its  whole  extent  exactly  through  the  transparent  margin 
of  the  cornea,  the  knife  remaining  in  the  same  plane  throughout. 
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when  the  summit  of  the  cornea  is  reached,  the  knife  must  be  turned  a 
little  forward  before  the  completion  of  the  flap.  This  terminates  the 
first  stage. 

In  the  second  stage  the  capsule  of  the  lens  is  opened.  The  surgeon 
draws  the  eyeball  shghtly  downward  with  the  fixation  forceps,  and  with 
the  cystotome  held  flatwise  during  its  insertion,  but  turned  with  its  cutting- 
edge  toward  the  capsule  as  soon  as  the  surface  of  the  iris  is  passed, 
incises  the  capsule  in  such  a  manner  that  the  limbs  of  the  incision  are  like 
those  of  an  inverted  letter  A,  the  transverse  cut  being  made  at  the  per- 
iphery. A  small,  triangular  opening  results  which  is  directly  in  front  of  the 
pupil  space.  If  the  capsule  is  opened  in  its  extreme  periphery,  as  Knapp 
and  other  surgeons  prefer,  an  operation  for  after-cataract  will  later  be 
necessary.  In  place  of  opening  the  capsule  with  a  cystotome,  some 
surgeons  always  employ  the  capsule  forceps,  with  which  a  small  portion  of 
the  anterior  capsule  directly  in  front  of  the  pupil  is  seized  and  isolated 
from  its  position.  This 
is  a  good  method  if  the 
anterior  surface  of  the 
capsule  happens  to  be 
thickened.  It  is  par- 
ticularly advocated 
by  Eugene  Smith  in 
this  country  and  by 
Treacher  Collins  in 
England. 

In  the  third  stage 
the  cataract  is  deliv- 
ered, as  follows:  The 
patient  is  required  to 
look  downward,  or  if 
he  is  not  readily  con- 
trolled, the  eye  is 
gently  drawn  downward  by  means  of  the  fixation  forceps.  Next  the 
speculum  should  be  removed  and  the  upper  lid  held  away  from  the  incision 
by  means  of  a  lid  elevator,  or  else  an  assistant  should  raise  the  speculum 
so  that  its  blades  shall  not  press  upon  the  eyeball  and  yet  shall  lift  the 
lids  away  from  the  eye.  The  convex  surface  of  a  metal  spoon  is  now 
laid  against  the  inferior  portion  of  the  cornea,  and  firm  but  gentle  pressure 
is  made,  which  causes  the  upper  margin  of  the  lens  to  appear  in  the 
pupil  space.  As  the  cataract  sHps  through  the  pupil  into  the  wound  the 
spoon  is  made  to  follow  it  with  a  gentle  upward  movement  which  delivers 
the  lens  and  at  the  same  time  removes  small  fragments  of  cortex  (Fig.  458). 
Next,  the  conjunctival  flap,  if  this  has  been  cut,  is  smoothed  out  by 
introducing  the  end  of  a  polished  grooved  spatula  into  the  anterior  cham- 
ber and  passing  it  through  the  wound  from  one  end  to  the  other.  This 
will  remove  any  particle  of  lens  or  capsule  which  may  be  adherent  to  the 
wound,  and  adjusts  the  iris.  If  the  iris  does  not  spontaneously  recover 
its  natural  position  it  can  usually  be  made  to  assume  its  proper  place  by 


Fig.  458  — The  Delivery  of  the  Lens. 

The  lens  is  presenting  in   the  wound   (capsulotomy  has   been 

performed). 
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pressing  slightly  upon  the  lower  portion  of  the  comea.  If  this  fails,  the 
iris  should  be  pushed  back  with  the  spatula  into  the  anterior  chamber, 
but  if  it  tends  to  ride  up  into  the  wound,  or  the  pupil  does  not  become 
perfectly  circular,  a  small  iridectomy  should  be  made.  If  the  cataract  is 
thoroughly  ripe,  it  frequently  comes  out  cleanly  and  no  cortical  remnants 
are  left  behind.  If  small  pieces  of  cortex  remain,  they  should  be  care- 
fully removed  by  gently  stroking  the  comea  with  the  back  of  a  metal 
spoon  until  they  appear  at  the  margin  of  the  wound,  where  they  are  wiped 
away  with  a  polished  probe. 

In  place  of  this  maneuver,  some  surgeons  are  accustomed  to  irrigate 
the  anterior  chamber  by  means  of  a  specially  devised  syringe,  the  one 
designed  by  Lippincott,  of  Pittsburg,  being  specially  advantageous. 
The  fluid  used  for  this  purpose  is  physiologic  salt  solution,  which  is  tepid, 
and  which  should  be  gently  allowed  to  flow  into  the  anterior  chamber 
and  flush  out  cortical  remnants.  It  aids  also  in  the  reposition  of  the 
iris.  In  my  opinion  irrigation  of  the  anterior  chamber  in  ordinary 
senile  cataract  extraction  is  rarely  necessary,  although  it  may  be  a 
valuable  adjunct  in  other  forms  of  cataract  extraction  and  during 
certain  complications  which  will  be  mentioned  later. 

(b)  Extraction  with  Iridectomy,  Often  Called  Combined  Extrac- 
tion.— In  the  first  stage  the  maneuvers  already  recorded  are  repeated. 

In  the  second  stage  an  iridectomy  is  performed,  as  follows:  The 
fixation  forceps  are  entrusted  to  an  assistant,  who  gently  draws  the  eyeball 
downward,  while  the  operator  takes  in  his  left  hand  the  iris  forceps 
and  in  his  right  hand  the  iris  scissors.  The  blades  of  the  iris  forceps  are 
gently  introduced  between  the  lips  of  the  wound  and  a  small  portion  of 
the  iris  seized  midway  between  the  pupillary  and  the  ciliary  border,  and 
the  tissue  drawn  out  and  toward  the  comea  and  cut  off  with  one  or  two 
snips  of  the  scissors  close  to  the  comeal  border.  (See  Fig.  462.)  It  is 
not  necessart  to  make  a  large  coloboma,  nor,  indeed,  is  it  necessary,  if 
the  patient  is  docile,  that  the  eyeball  shall  be  held  during  the  performance 
of  this  operation.  The  patient  is  simply  required  to  look  downward.  The 
pillars  of  the  coloboma  are  now  carefully  smoothed  with  a  delicate  spatula, 
great  care  being  taken  to  free  any  iris  tissue  which  may  have  become 
entangled  in  the  angles  of  the  wound,  so  that  the  iris  shall  be  perfectly 
in  place  and  the  coloboma  straight  and  clear. 

The  third  stage  is  the  same  as  that  which  has  already  been  described 
during  which  the  capsule  is  opened,  and  the  same  may  be  said  of  the  fourth 
stage,  or  that  of  delivery  of  the  cataract,  during  which,  however,  the 
manipulations  are  much  more  easily  performed  than  they  are  when  simple 
extraction  is  undertaken,  the  delivery  of  the  lens  through  the  coloboma 
being  more  easily  effected  than  the  delivery  of  the  lens  through  the  circu- 
lar pupil,  especially  if  the  sphincter  of  the  iris  happens  to  be  rigid.  So, 
too,  cortical  remnants,  blood-clot,  and  debris  are  more  readily  expelled; 
in  short,  the  toilet  of  the  wound  is  more  easily  performed. 

The  dressing  after  any  form  of  cataract  extraction,  in  my  opinion, 
should  consist  of  an  oval  piece  of  soft  lint  soaked  in  a  solution  of 
bichlorid  of  mercury,  1  :  5000,  laid  upon  each  closed  lid.    Over  this  is 
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placed  a  similarly  shaped  piece  of  sterilized  cotton,  large  enough  to  be 
flush  with  the  eyebrow  and  lower  margin  of  the  orbit,  which  is  held  in 
place  with  three  narrow  strips  of  surgeon's  ising-glass  plaster.  During 
the  first  night  or  two  after  the  operation  the  dressing  may  be  covered 
with  some  form  of  protection,  for  example,  an  ocular  mask,  or  an  alumi- 
num shield  or  a  wire  cage.  (See  Fig.  459.)  At  the  end  of  twenty-four 
hours,  if  the  operation  has  been  performed  without  iridectomy,  the  eye 
should  be  inspected.  If  the  iris  is  in  place  and  the  pupil  round  and  the 
anterior  chamber  closed,  one  drop  of  a  sterile  atropin  solution,  4  grains 
to  the  ounce,  should  be  instilled.  If  the  anterior  chamber  is  not  re- 
formed, but  the  iris  is  in  place,  the  dressings  should  be  reapplied  without 
the  introduction  of  the  atropin.  If  the  iris  is  prolapsed  into  the  wound, 
it  should  be  abscised  in  precisely  the  same  manner  as  an  iridectomy  is 
performed,  and  it  may  be  necessary  in 
nervous  patients  to  use  a  general  anes- 
thetic for  this  purpose. 

If  the  operation  has  been  performed 
according  to  the  combined  method,  and 
there  has  been  no  pain  and  there  is  no 
swelling  of  the  lid,  the  eye  need  not  be 
inspected  until  the  end  of  the  second 
day,  when  the  anterior  chamber  is  usually 
closed,  and  the  dressing  may  be  renewed 
after  the  instillation  of  a  drop  of  atropin 
solution.  If  all  goes  weU,  the  unoperated 
eye  may  be  liberated  at  the  end  of  the 
third  day,  and  usually  by  the  end  of  the 
sixth  day  the  dressing  from  both  eyes 
may  be  removed  and  the  eyes  shaded 
and  protected  with  colored  glasses,  except 
at  night,  when  a  light  dressing  should  be 

applied  and  should  be  continued  until  the  end  of  the  second  week.  Some 
surgeons  apply  no  dressing  after  cataract  extraction,  but  protect  the  eye 
simply  with  a  shield  or  wire  cage.  This  is  the  so-called  "open  method," 
with  which  I  have  had  no  experience,  but  the  safety  of  which  I  doubt, 
in  spite  of  its  distinguished  advocates. 

At  the  expiration  of  six  weeks  to  two  months,  cataract  glasses  may  be 
adjusted.  The  correcting  lens  for  distant  vision  is  usually  about  11  D. 
For  reading  and  similar  occupations  a  lens  having  a  focal  distance  of  25 
to  33  cm.  must  be  added  to  the  distance  glass.  If  the  eye  has  been  hyper- 
opic  prior  to  the  operation,  a  stronger  lens  than  the  one  indicated  may  be 
required,  while  if  it  has  been  myopic  a  weaker  one;  indeed,  it  is  possible 
to  produce  by  the  operation  emmetropia,  if  the  former  near-sightedness 
has  been  of  such  degree  that  the  removal  of  the  lens  exactly  neutralizes 
it.  Usually,  and  especially  during  the  earlier  months  after  cataract 
extraction,  there  is  a  good  deal  of  astigmatism,  but  in  a  technically  correct 
operation  usually  not  more  than  IJ  or  2  D.  remain  permanently.  Tliis, 
however,  should  be  corrected  and  the  cylindric  glass  incorporated  with 
the  spheric  lens. 


Fio.  459. — Ring's  Ocular  Mask. 
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Accidents  During  Operation  and  Anomalies  in  the  Healing  Pro- 
cess.— If  during  the  passage  of  the  knife  across  the  anterior  chamber 
the  iris  should  fall  in  front  of  it,  the  incision  should  be  completed  in  the 
manner  already  described,  with  the  result  that  an  irregular  coloboma 
will  be  cut,  which  later  may  be  remedied  by  seizing  its  jagged  edges 
with  the  iris  forceps  and  trimming  them  with  scissors. 

Occasionally,  especially  if  a  conjunctival  flap  is  made,  or  during  the 
performance  of  iridectomy,  there  is  free  hemorrhage  into  the  anterior 
chamber,  obscuring  the  field  of  operation.  Usually  the  blood  will 
cease  to  flow  on  the  exertion  of  slight  pressure,  and  by  gently  stroking 
the  lower  portion  of  the  cornea  it  may  be  expelled  from  the  anterior 
chamber.  If  this  maneuver  fails,  the  cystotome  must  be  introduced  in 
the  ordinary  manner,  the  capsule  lacerated,  and  the  lens  deUvered, 
which  in  the  process  of  its  expulsion  will  often  carry  with  it  a  sufficient 
amount  of  the  blood  to  clear  the  pupil  space.  Even  if  this  does  not 
occur,  the  blood  is  usually  rapidly  absorbed  during  the  first  twenty-four 
hours. 

Undue  pressure  of  the  cystotome  may  effect  a  partial  or  complete 
dislocation  of  the  lens,  and  if  it  cannot  be  promptly  delivered,  the  wire 
loop  must  be  introduced  behind  it  and  the  lens  delivered  by  a  gentle  trac- 
tion movement.  If  by  awkward  manipulations,  or  as  the  result  of  disease, 
the  hyaloid  membrane  is  ruptured,  vitreous  will  present  in  the  wound 
and  sometimes  escapes  with  great  freedom.  Should  this  occur  before 
the  lens  is  delivered,  the  speculum  must  be  quickly  removed  and  the  wire 
loop  gently  inserted  behind  the  lens,  which  is  then  removed  by  means  of 
it.  If  the  vitreous  escapes  after  the  lens  has  been  extracted,  it  should  be 
removed  from  between  the  lips  of  the  wound  as  rapidly  as  possible,  a 
bandage  applied,  and  the  patient  kept  perfectly  quiet.  After  great  escape 
of  the  vitreous,  the  partially  collapsed  eye  should  be  filled  with  a  tepid, 
sterile,  physiologic  salt  solution,  which  is  injected  into  the  vitreous 
chamber  until  the  eyeball  assumes  its  proper  contour.  In  elderly  persons, 
and  particularly  if  cocain  has  been  used  too  freely,  after  the  deUveiy  of 
the  lens  there  may  be  great  collapse  of  the  cornea,  so  that  this  membrane 
assiunes  a  concave  shape.  The  anterior  chamber  should  be  filled,  as 
Knapp  recommends,  with  sterile  physiologic  salt  solution,  which  aids  in 
making  proper  coaptation  of  the  lips  of  the  wound  and  thus  prevents 
sucking  in  of  conjunctival  juices. 

If  capsulotomy  has  been  imperfect,  or  if  the  capsule  is  exceedingly 
tough,  it  is  sometimes  impossible  to  deliver  the  lens  in  the  ordinary 
manner.  The  capsulotomy  must  be  repeated,  or  a  piece  of  the  capsule 
must  be  removed  with  capsule  forceps,  or  the  lens  must  be  deUvered  in 
its  capsule  by  the  introduction  behind  it  of  the  wire  loop  in  the  manner 
already  described. 

Ordinarily  there  is  Uttle  discomfort  after  a  normal  cataract  extrac- 
tion. Decided  brow  or  temple  pain  occurring  within  a  few  hours  after 
the  operation  always  means  some  serious  compU cation;  intraocular 
hemorrhage,  suppuration  of  the  wound,  and  iritis  are  most  to  be 
dreaded. 
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Intraocular  hemorrhage  usually  begins  soon  after  the  operation  and 
is  presaged  by  pain  in  the  head,  nausea,  and  sometimes  by  vomiting. 
On  removal  of  the  bandage,  a  clot  of  blood  will  be  found  between  the  lips 
of  the  wound;  sometimes  the  hemorrhage  is  so  free  that  it  stains  the 
bandage  or  runs  down  upon  the  face.  The  patient  should  be  placed  in 
the  semi-upright  position,  a  hypodermic  of  morphin  administered,  the 
blood-clots  removed,  and  a  firm,  though  not  tight,  compress  bandage 
apphed,  after  thorough  irrigation  of  the  conjunctival  sac  with  a  tepid 
bichlorid  solution,  1  :  10,000.  If  the  hemorrhage  has  come  from  the 
choroidal  vessels  and  is  an  expulsive  one,  the  eye  is  invariably  lost.  If 
it  comes  from  the  vessels  of  the  iris  or  ciliary  body,  prompt  treatment  will 
sometimes  avert  entire  loss  of  the  eye.  If  the  hemorrhage  is  repeated, 
or  if  infection  should  occur,  enucleation  is  required. 

Suppuration  of  the  wound  is  comparatively  rare,  but  in  spite  of  all 
precautions  occurs  in  a  certain  number  of  cases,  according  to  Knapp  in 
about  1  per  cent.,  although  this  is  a  higher  percentage  than  recent  statis- 
tics and  experience  indicate.  Usually  it  begins  from  the  first  to  the  third 
day,  more  rarely  after  the  fifth  day,  but  it  has  been  delayed  as  late  as  the 
thirteenth  day.  The  symptoms  are  great  pain,  swelling  of  the  lids, 
chemosis  of  the  conjunctiva,  and  sloughing  of  the  margins  of  the  wound. 
Prompt  treatment — that  is  to  say,  thorough  antisepsis  of  the  eye,  cauter- 
ization of  the  line  of  the  wound  with  the  galvanocautery  or  with  carboUc 
acid,  and  daily  opening  and  draining  of  the  anterior  chamber — ^will 
occasionaUy  avert  a  general  panophthalmitis.  In  recent  times,  follow- 
ing the  recommendation  of  Haab,  small  rods  of  sterilized  iodoform  have 
been  introduced  under  these  circumstances  into  the  anterior  chamber. 
In  my  opinion,  however,  they  do  not  furnish  a  very  satisfactory  method 
of  treating  this  complication.  Some  surgeons  (Hansell)  reconmiend 
the  introduction  of  bichlorid  of  mercury  directly  into  the  anterior 
chamber,  and  others  subconjunctival  injections  of  bichlorid  of  mer- 
cury, 1  :  5000,  or  of  cyanid  of  mercury  in  similar  strength.  If  the 
treatment  fortunately  stops  the  process  in  the  cornea,  the  iris  becomes 
drawn  up  and  the  pupil  closed  with  plastic  lymph.  Later,  a  secondary 
operation,  in  the  form  of  either  iridotomy  or  iridectomy,  may  restore 
some  vision.  If  the  infection  manifests  itself  in  the  form  of  a  ring 
abscess,  or  begins  in  the  vitreous  or  in  the  iris,  the  process  is  usually  a 
rapid  one,  and  the  eye  is  lost  by  an  extensive  panophthalmitis,  in  spite 
of  all  treatment. 

Iritis  and  iridocyclitis  occasionally  appear,  generally  not  before  the 
fifth  day,  although  sometimes  they  are  delayed  until  the  tenth  or  twelfth 
day.  If  the  process  is  limited  to  the  iris,  the  vigorous  use  of  atropin 
and  dionin  and  the  internal  administration  of  saHcylate  of  sodium  and 
the  iodid  of  potassium  are  usually  followed  by  satisfactory  results.  If 
the  ciliary  body  is  extensively  involved,  especially  if  there  is  a  late 
iridocyclitis,  which  continues  to  relapse  in  spite  of  all  treatment  and  which 
often  gives  rise  to  secondary  glaucoma,  the  prognosis  is  extremely  gloomy. 
If  ultimately  the  process  is  checked,  the  pupil  will  be  closed  by  lymph 
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and  the  visual  results  vitiated  unless  the  eye  becomes  sufficiently  quiet 
to  permit  of  the  operation  of  iridotomy  or  iridocystectomy. 

Either  as  the  result  of  iritis,  or  sometimes  without  any  apparent  in- 
volvement of  the  iris,  glaucoma  sometimes  supervenes,  and  depends  upon 
some  closure  of  the  filtration  angle,  generally  as  the  result  of  imperfec- 
tions in  technic  and  obstructions  caused  by  renmants  of  capsule  or  iris, 
and  sometimes,  as  Elschnig's  investigations  show,  by  reason  of  a  prolifersr 
tion  of  epithelium  within  the  anterior  chamber.  The  symptoms  are 
great  pain,  steaminess  of  the  cornea,  and  rise  of  intraocular  tension.  If 
the  condition  of  affairs  cannot  be  controlled  by  the  instillation  of  myotics, 
that  is  to  say,  either  pilocarpin  or  eserin,  an  iridectomy  or  a  sclerotomy 
should  be  promptly  performed. 

Prolapse  of  the  iris  after  simple  extraction  occurs  in  from  3  to  10  per 
cent,  of  the  cases.  It  causes  a  sharp  pain,  and  often  results  from  a  trau- 
matism or  violent  exertion,  for  example,  a  fit  of  coughing.  On  inspection 
the  iris  will  be  found  to  have  separated  the  lips  of  the  wound  and  to  be 
protruding  between  them.  If  it  is  seen  soon  after  the  accident,  the  pro- 
truding iris  should  be  abscised  and  every  endeavor  made  to  obtain  a  clean 
wound  and  good  coaptation  of  its  edges.  If  the  iris-prolapse  has  not  been 
a  large  one  and  it  is  not  seen  immediately  after  its  occurrence,  it  is  some- 
times proper  to  treat  it  by  the  expectant  method,  that  is,  by  a  compress- 
ing bandage,  until  the  eye  is  quiet,  when  the  slight  staphylomatous  pro- 
trusion may  be  abscised.  At  one  time  it  was  the  custom  to  instil  eserin 
after  prolapse  of  the  iris,  in  the  hope  that  it  would  draw  this  tissue  back 
again  into  the  anterior  chamber.  This  practice  has  been  largely  aban- 
doned owing  to  the  irritating  nature  of  most  of  the  myotics. 

Ordinarily  a  cataract  wound  is  closed  at  the  end  of  twenty-four  hours. 
Occasionally  there  is  slow  closure  of  the  wound,  almost  always  due  to 
some  foreign  substance,  for  example,  a  bit  of  capsule  or  cortex  which  has 
remained  between  the  lips  of  the  wound.  If  this  can  be  found,  it  should 
be  removed.  If  the  slow  closure  depends  simply  upon  lack  of  reparative 
power  on  the  part  of  the  patient,  the  lightest  possible  dressing  should 
cover  the  eye,  which  should  be  kept  as  strictly  clean  as  possible  to  pre- 
vent infection,  and  generally  after  a  time  the  chamber  will  be  restored. 
It  may  be  necessary  lightly  to  cauterize  the  entire  length  of  the  wound 
before  this  restoration  occurs.  For  this  purpose  a  pointed  stick  of  nitrate 
of  silver  may  be  drawn  gently  along  its  entire  length. 

Post-operative  insanity  after  cataract  extraction  in  mild  degree  is  not 
uncommon.  It  may  appear  in  violent  manifestation.  It  must  be  treated 
on  general  principles,  the  various  hjrpnotics  usually  being  required. 

Other  Methods  of  Extracting  Cataract. — Numerous  modifications 
of  the  incisions  already  described  for  the  purpose  of  extracting  cataract 
have  been  designed,  and  for  their  consideration  the  reader  is  referred  to 
systematic  works  on  ophthalmic  surgery.  To  one  attention  should  be 
drawn,  as  it  has  attracted  much  interest  within  recent  times,  namely, 
extractixm  of  the  lens  withovi  capsulotomy, — that  is,  in  its  capsule, — 
originally  suggested  by  Pagenstecher,  who,  after  an  iridectomy  and  the 
usual  although  somewhat  larger  corneal  incision,  delivered  the  lens  in  its 
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capsule  with  a  loupe  or  specially  devised  curet.  A  modification  of  this 
operation  is  practised  by  certain  Indian  surgeons,  notably  by  Major  Henry 
Smith,  who  after  a  liberal-sized  upper  incision,  by  systematic  pressure, 
carefully  and  persistently  used,  delivers  the  lens  without  rupture  of  the 
capsule.  Theoretically  this  is  an  operation  which  should  yield  the  best 
results,  as  it  eliminates  the  necessity  of  dealing  with  that  operation  which 
is  suited  to  the  formation  of  after-cataract.  It  is  surrounded,  however, 
by  many  difficulties,  notably,  the  danger  of  the  escape  of  vitreous,  and 
although  advocated  by  Major  Smith  as  the  operation  of  election,  has  been 
condemned  by  other  surgeons. 

Extraction  of  a  caiarad,  before  it  is  ripe  is  necessary  under  certain  cir- 
cumstances, and  if  there  is  not  too  much  clear  cortex,  in  patients  who  have 
passed  the  sixtieth  year  of  life,  often  yields  excellent  results  equal  in  value 
to  those  obtained  after  the  lens  is  ripe,  the  chief  difficulty  being  concerned 
with  the  toilet  of  the  wound  and  the  danger  of  leaving  behmd  fragments 
of  cortex  which  by  swelling  may  produce  the  various  forms  of  iritis  and 
iridocyclitis.  In  order  to  avoid  this,  certain  surgeons  systematically 
wash  out  the  anterior  chamber  in  the  manner  already  described  (page 
868). 

In  place  of  waiting  for  ripening,  some  surgeons  are  accustomed  to 
perform  a  ripening  operation  preparatory  to  the  extraction  of  an  incom- 
plete cataract.  There  are  many  methods,  the  best  known  of  which  is 
the  so-called  Forster  method,  in  which  after  an  iridectomy  the  lens  capsule 
is  stroked  by  means  of  a  blunt  spatula,  which  causes  an  increase  in  the 
opacification.  At  the  expiration  of  four  to  six  weeks  the  cataract  is 
extracted  in  the  usual  manner.  A  similar  ripening  process  has  been 
induced  by  deep  discission  of  the  lens  (Schweigger's  method),  by  division 
of  the  capsule  combined  with  iridectomy  (Mooren's  method),  by  a  para- 
centesis of  the  cornea  and  internal  massage  applied  directly  to  the  cap- 
sule with  a  small  spatula  (Bettman's  method),  and  by  simple  paracentesis 
of  the  cornea  with  external  massage  (Pooley  and  White's  method). 
In  my  opinion  these  ripening  operations  are  not  as  satisfactory  in  their 
results  as  extraction  of  the  incomplete  cataract  in  the  ordinary  manner. 
The  best  results  are  reached  by  not  interfering  surgically  until  nature 
has  itself  ripened  the  cataract. 

Extraction  of  the  clear  crystalline  lens  is  practised  for  the  neutralization 
of  high  and  progressive  myopia  (Fukala's  operation),  usually  preceded  by 
a  discission  with  a  needle,  in  the  manner  presently  to  be  described,  and 
followed  either  by  a  formal  extraction  of  the  lens  or  by  a  linear  or  suction 
operation  (page  875). 

Operation  for  After-cataract,  So-called  Secondary  Cataract,  by 
the  Method  of  Discission. — The  lens  capsule  which  remains  after  the 
extraction  of  the  crystalline  body  may  be  sufficiently  thin,  and  the  original 
opening  sufficiently  clear,  to  render  further  interference  unnecessary. 
In  a  goodly  percentage  of  the  cases,  however,  after-cataract,  sometimes 
called  secondary  caiaract,  forms,  which  depends  upon  a  proliferation  and 
thickening  of  the  capsular  epithelium  and  upon  agglutination  of  the  two 
layers  of  the  capsule,  or  upon  the  development  of  new-formed  tissue 
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between  the  capsule  layers,  especially  if  the  case  has  been  complicated  by 
inflammatory  processes.  Under  the  last-named  circumstances  the  tissue 
may  be  so  thick  that  the  term  membranous  cataract  is  applied. 

The  operation  of  discission  for  after-cataract  is  performed  as  follows: 
The  pupil  must  be  dilated  ad  maximum  and  the  area  of  operation 
perfectly  illuminated,  and  a  knife-needle  entered  either  3  mm.  within  the 
corneal  margin  or  at  the  corneoscleral  border,  and  the  instrument  ad- 
vanced to  a  point  close  to  the  opposite  margin  of  the  iris,  where  the  mem- 
brane is  punctured  and  a  horizontal  incision  is  made,  4  to  5  mm.  in  length. 
Next,  the  point  of  the  instrument  is  raised  toward  the  cornea  and  passed 
upward  in  front  of  the  membrane,  which  it  transfixes  at  a  point  2  mm. 
above  the  horizontal  incision,  and  divides  it  by  a  cutting  movement 
downward  as  far  as  the  original  transverse  cut.  The  same  procedure  is 
repeated  on  the  lower  half  of  the  membrane,  cutting  from  below  upward. 
The  result  is  a  crucial  incision,  the  edges  of  which  retract,  and  a  good 
central  aperture  in  the  membrane  is  thus  obtained  (Fig.  460).    The 

subsequent  treatment 

I  is  precisely  the  same 

^^^^  ^  ^^^^^^^^^^!s^  ^  ^^^^  which  has  been 

^^0^^  ^^^?!l^t^  described    in    connec- 

^  -  ^""  ^  tion  with  the  original 

operation. 

This  procedure  is 
subject  to  the  same 
dangers  which  sur- 
round a  formal  ex- 
traction of  cataract, 
notably,  iritis,  iridocy- 

fZms^  ^  clitis,    infection,    and 

~*  glaucoma,     and     the 

greatest  care  must  be 
taken  that  during  its 
performance  the  knife- 
needle  shall  cut  and  not  drag  upon  the  membrane.  If  either  iritis  or 
iridocyclitis  should  supervene,  the  treatment  already  described  must 
be  instituted.  If  glaucoma,  evident  by  an  increase  in  intraocular 
tension  and  steaminess  of  the  cornea,  should  arise,  myotics,  either 
€serin  or  pilocarpin  (1  to  2  grains  to  the  ounce),  must  be  used,  and  if 
they  fail,  the  tension  must  be  reduced  by  an  iridectomy  or  a  sclero- 
tomy. 

If  the  cataract  is  a  membranous  one,  or  if  the  pupil  has  been  closed  by 
inflammatory  deposits,  the  knife-needle  operation  cannot  be  employed, 
and  in  its  place  some  form  of  operation  which  approaches  in  its  character 
an  iridectomy  is  necessary.  The  one  often  employed  is  that  named  by 
De  Wecker  iritoeciomy,  in  which  a  triangular  knife  is  thrust  through  the 
corneoscleral  border  and  directly  downward  through  the  tense  membrane 
which  closes  the  pupil.  It  is  next  withdrawn,  and  a  pair  of  delicate  scis- 
sors is  introduced  through  the  cut  into  the  membrane  in  such  a  manner 
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that  one  blade  lies  behind  this  tissue  and  another  one  in  front  of  it,  and 
converging  cuts  from  each  end  of  the  original  transverse  incision  are  made, 
which  meet  at  an  apex  at  the  bottom  of  the  pupil.  The  piece  of  tissue 
included  between  these  three  incisions  is  removed  with  forceps,  and  if 
successful,  a  good  triangular  opening  results.  The  operation  is  difficult 
and  dangerous,  and  is  often  accompanied  by  loss  of  vitreous.  Many 
modifications  of  this  operation  have  been  designed,  for  which  systematic 
treatises  on  ophthalmology  must  be  consulted.  Instead  of  using  scissors, 
a  Hays  knife-needle  may  be  employed  to  cut  the  flap,  as  advised  and 
practised  by  I^wis  Ziegler.  In  place  of  excising  the  piece  of  capsule,  the 
operator  may  succeed  by  making  a  transverse  cut  through  the  thickened 
membrane,  which,  being  elastic,  retracts.  This  is  an  iridotomy — ^a  name 
also  given  to  the  more  formal  procedure  with  scissors. 

Operations  on  Congenital  and  Soft  Cataract.— Juvenile  or  con- 
genital cataract  is  either  a  complete  or  a  partial  opacity  of  the  lens. 
If  complete,  it  is  soft,  that  is,  there  is  no  distinction  of  nucleus  and  cortex; 
if  incomplete,  it  usually  appears  in  the  form  of  an  opaque  layer  surround- 
ing the  clear  but  sometimes  cloudy  center  of  the  lens,  and  is  known  as 
zonular  or  lamellar  cataract.  The  following  operations  have  been  designed 
for  the  relief  of  this  condition. 

(a)  Operation  on  Congenital  Cataract  by  the  Method  of  Dis- 
cission.— ^The  pupil  being  widely  dilated,  a  knife-needle,  or  one  provided 
with  a  shoulder,  known  as  a  Bowman's  stop  needle,  is  introduced  at  the 
corneoscleral  junction  and  made  to  penetrate  the  capsule  of  the  lens, 
which  is  divided  in  a  crucial  manner,  and  not  too  deeply  at  the  first 
attempt.  This  admits  the  aqueous,  which  by  its  dissolving  action  either 
renders  completely  opaque  an  incomplete  cataract,  or  begins  the  solution 
of  one  that  has  been  originally  complete.  Usually  it  is  necessary  to  repeat 
this  discission,  and  at  the  subsequent  operations  it  may  be  more  extensive, 
two  or  three  times  before  there  is  complete  solution  of  the  opaque  lens 
fibers.  After  each  operation  the  eye  should  be  bandaged,  its  pupil  kept 
dilated  with  atropin,  until  all  reaction  has  disappeared.  From  three 
to  six  months  may  be  required  before  there  is  complete  solution.  The 
same  dangers  and  complications  surround  this  operation  which  have  been 
previously  described,  and  if  they  occur  should  meet  with  the  same  treat- 
ment.   (Consult  page  871.) 

(b)  Operation  by  the  Method  of  Linear  Extraction. — In  place  of 
repeated  discissions,  or  sometimes  in  the  case  of  complete  soft,  congenital 
cataracts,  or  complete  juvenile  cataracts,  which  have  appeared  before 
the  thirtieth  year  of  life,  the  lens  may  be  removed  by  the  method  of 
linear  extraction,  as  follows: 

The  pupil  being  widely  dilated,  a  keratome  is  introduced  at  a  point 
1  mm.  within  the  margin  of  the  cornea  and  thrust  onward  until  a  wound  5 
mm.  in  width  is  made.  The  instrument  is  now  carefully  withdrawn  by 
means  of  a  slight  lateral  motion,  and  a  sharp  cystotome  introduced  and 
the  capsule  of  the  lens  freely  lacerated.  The  soft  lens  matter  is  next  ex- 
truded by  counter-pressure  on  the  cornea  with  a  metal  spud,  the  outer 
lip  of  the  corneal  wound  at  the  same  time  being  depressed  with  a  curet. 
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All  manipulations  must  be  exceedingly  gentle,  lest  the  hyaloid  is  ruptured 
and  vitreous  escapes. 

Thb  operation  is  suited  to  the  extraction  of  any  soft  cataract;  to  some 
forms  of  traumatic  cataract,  to  those  varieties  of  cataract  which  have  been 
treated  by  discission  and  in  which  it  is  not  desired  to  repeat  the  discission 
until  solution  is  accomplished,  or  in  which  the  discission  has  been  followed 
by  rapid  swelling  of  the  lens  and  inflammatory  or  glaucomatous  symptoms 
on  account  of  the  pressure  on  the  surrounding  ciliary  region.  It  is  also 
the  method  employed  to  extract  the  clear  lens  after  it  has  been  broken 
up  by  a  deep  discission  in  that  operation  which  is  used  for  the  relief  of 
high  myopia.  (See  page  873.)  The  subsequent  treatment  and  manage- 
ment of  complications  do  not  differ  from  those  which  have  already  been 
described. 

In  place  of  causing  the  soft  lens  material  to  extrude  after  opening  the 
anterior  chamber  by  counter-pressure,  the  same  result  may  be  accom- 
plbhed  by  introducing  into  the  opening  a  suction  curet,  roofed  in  to 
within  2  mm.  of  its  extremity  and  furnished  with  a  handle  and  a  piece 
of  India-rubber  tubing  and  mouth-piece,  to  which  the  operator  applies  his 
lips  and  gently  sucks  out  the  lens  matter.  The  arrangement  of  the  tub- 
ing is  such  that  no  infection  from  the  mouth  can  enter  the  wound.  This 
is  the  suction  operation. 

Operation  by  the  Method  of  Optical  Iridectomy. — In  the  several 
varieties  of  congenital  cataract  which  are  partial,  and  one  of  which 
— namely,  zonular  cataract — has  already  been  mentioned,  in  place  of  the 
discission  or  linear  extraction,  improvement  in  vision  is  sometimes  at- 
tempted by  an  optical  iridectomy.  Thus,  if  the  opacity  is  directly  cen- 
tral in  the  form  of  a  central  lental  caiaracty  or  certain  varieties  of  pyramidal 
or  polar  cataract,  the  rays  of  light  passing  through  the  pupil  are  obstructed 
and  an  artificial  pupil  may  be  made  opposite  some  portion  of  the  clear 
lens,  usually  inward,  downward  and  inward,  outward,  or  outward  and 
downward.  If  the  vision  of  an  eye  affected  with  cataract  occupying  the 
center  of  the  lens  is  improved  by  mydriasis,  it  is  worth  while  to  consider 
the  operation,  but  this  alone  is  not  sufficient  indication  unless  one  finds 
by  observation  that  the  increased  visual  acuity,  as  noted  by  test-type  ex- 
amination, is  also  maintained  in  the  ordinary  avocations  of  life  under  these 
circumstances.  Generally  it  is  better  to  resort  to  an  operation  which 
creates  complete  opacification  of  the  lens,  so  that  its  entire  removal  may 
be  effected.  If  an  optical  iridectomy  is  practised,  the  technic  is  the  same 
as  that  which  is  described  on  page  878. 

Operations  and  Treatment  of  Traumatic  Cataract.— Any  in- 
jury which  lacerates  the  capsule  of  the  lens  and  permits  the  entrance  of 
aqueous  humor  into  the  crystalline  body  will  be  followed  by  either  com- 
plete or  partial  opacification  of  the  crystalline  body.  If  the  patient  is 
seen  immediately  after,  for  example,  a  penetrating  injury,  and  the  lens 
is  already  opaque  and  swollen,  it  is  often  possible  to  interfere  at  once, 
either  by  enlarging  the  wound  of  entrance  and  expressing  through  it 
the  opaque  lens  material,  washing  out  with  an  irrigating  syringe  particles 
which  cling  to  the  capsule,  or  by  linear  extraction  (page  875).     Under 
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other  circumstances,  and  if  the  eye  is  not  seen  immediately  after  the  in- 
jury, it  may  be  advisable  to  treat  the  eye,  until  inflammatory  phenomena 
have  disappeared,  with  atropin,  4  grains  to  the  ounce,  hot  compresses, 
and  dionin  in  5  per  cent,  solution.  After  the  inflammatory  symptoms 
have  subsided  the  lens  may  be  extracted,  if  it  is  soft  by  the  linear  method, 
or  if  not,  by  a  formal  extraction,  according  to  the  method  already  de- 
scribed. (See  page  866.)  Occasionally  after  a  blow  upon  an  eye,  which 
ruptures  the  capsule  of  the  lens  and  creates  a  traumatic  cataract,  or  after 
a  penetrating  injury,  there  may  be  gradual  absorption  of  the  opaque 
lens  without  operative  interference,  the  aqueous  acting  upon  the  lens 
fibers  in  precisely  the  same  manner  that  it  does  after  the  operation  of 
discission. 

Operative  Treatment  of  Spontaneous  and  Traumatic  Disloca- 
tion of  the  Lens. — In  addition  to  congenital  dislocations  of  the  lens, 
which  ordinarily  are  incomplete,  and  which  consist  in  a  decentration  of 
the  lens,  are  those  which  occur  spontaneously, — ^for  example,  in  high 
myopia  and  choroiditis, — and  those  which  are  caused  by  injury.  Under 
the  last  named  circumstances  the  lens  may  be  luxated  forward  into 
the  anterior  chamber,  or  beneath  the  conjunctiva,  or  even  under 
Tenon's  capsule.  If  it  lodges  in  either  of  the  last  named  situations,  it 
appears  as  a  greenish  swelling,  and  may  be  readily  removed  simply  by 
incising  the  overlying  tissue.  If  it  is  luxated  into  the  anterior  chamber, 
it  is  readily  seen  as  a  yellowish-white  body-  lying  in  front  of  the  pupil, 
and  should  be  removed  by  an  incision  similar  to  that  practised  for  ordi- 
nary cataract  extraction  and  made  with  a  delicate  knife  at  the  corneo- 
scleral margin.  If  the  injury  has  been  sufficiently  severe  to  dislocate  the 
lens  into  the  vitreous  humor,  its  removal  is  much  more  difficult.  Some- 
times this  can  be  accomplished  by  opening  the  anterior  chamber,  exactly 
as  if  an  ordinary  cataract  extraction  was  about  to  be  performed,  and  in- 
troducing through  the  opening  a  scoop,  or  loupe,  which  is  dipped  behind 
the  luxated  lens  into  the  vitreous  humor,  and  by  means  of  which  the  body 
is  drawn  forward.  Under  these  circumstances  a  certain  amount  of  vit- 
reous humor  is  sure  to  be  lost.  Occasionally  it  cannot  be  reached  with 
the  loupe,  but  may  be  expelled,  as  Knapp  suggests,  by  methodic  external 
pressure  on  the  lower  part  of  the  eye,  which  causes  it  to  engage  in  an  upper 
corneal  incision,  previously  made,  where  it  is  lifted  out  by  the  loupe  in  the 
ordinary  manner.  While  a  lens  dislocated  into  the  vitreous  humor  may 
remain  there  for  a  long  period  of  time  without  doing  serious  injury,  it  is 
apt,  by  knocking  against  the  ciliary  region,  to  create  either  iritis  or  secon- 
dary glaucoma,  and  therefore  the  attempt  to  extract  it,  although  a  danger- 
ous and  difficult  procedure,  is  usually  one  that  is  justified. 

Should  a  crystaUine  lens  contain  a  foreign  body,  even  though  it  be 
not  luxated,  it  is  best  to  attempt  its  extraction  by  one  of  the  procedures 
which  removes  the  lens  within  its  capsule.  If,  however,  the  foreign  body 
is  of  metal,  it  may  be  dislodged  with  an  electro-magnet  and  the  opaque 
lens  afterward  removed  by  a  formal  extraction,  or  by  the  linear  method. 
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OPERATIONS  ON  THE  DOS. 

Iridectomy. — With  the  exception  of  certain  operative  procedures 
usually  classed  under  the  names  iridotomy,  iritoeciomyy  and  iridocap- 
sulotomyy  and  to  which  brief  reference  has  already  been  made  (page  874), 
the  chief  operations  on  the  iris  are  the  various  forms  of  iridectomy.* 
The  chief  indications  for  iridectomy  are:  for  the  improving  vision 
(optical  iridectomy);  for  the  relief  of  increased  intraocular  tension, 
especially  in  glaucoma  (anti-glaucomatous  iridectomy) ;    for  the  relief  of 

recurring  inflammations  of  the 
iris,  and  to  improve  the  nutri- 
tion of  the  eye  after  certain  in- 
flammations of  the  uveal  tract 
(antiphlogistic  iridectomy)  ;t  for 
the  removal  of  foreign  bodies  or 
small  growths  embedded  in  the 
iris;  to  prepare  an  eye  for  the 
subsequent  extraction  of  cata- 
ract (preliminary  iridectomy). 
Operative      Technic— The 

following   instruments    are    re- 

\  ,/BrXiTfc-^  quired:  A  stop  speculum,  fixa- 

l^n^-       ^IC!^'^  J^  ^^^^  forceps,  iris  forceps,  bent 

/  ^^^InSm^^^V         ■-  — _     keratome,   Graefe    knife,   blunt 

/  *  [rjfcteX^^^Li*^       '  ^     hook,  iris  scissors,  probe-pointed 

scissors,  metal  spatula,  and 
probe.  (For  instruments  see 
Fig.  456.)  The  usual  prepara- 
tion having  been  made,  the  eye 
may  be  cocainized,  or,  if  the 
surgeon  prefers,  placed  under 
the  influence  of  holocain,  except 
in  certain  cases  of  high-grade 
congestion,  such  as  one  en- 
counters in  acute  glaucoma, 
where,  in  my  opinion,  a  gen- 
eral anesthetic  is  required. 
The  speculum  is  inserted  and 
the  conjunctiva  and  subconjunctival  tissue  firmly  seized  with  fixation 
forceps  at  a  point  opposite  to  that  of  the  proposed  section,  if  a  lance- 
shaped  knife  is  to  be  employed,  or  upon  the  inner  side  of  the  eyeball, 
just  below  its  horizontal  level,  if  a  narrow  Graefe  knife  is  used.  Using 
a  keratome,  its  point  is  next  brought  in  contact  with  the  apparent  comeo- 

*  Such  operations  as  corelysis,  or  synechotomy  and  iridodesis,  have  deservedly 
fallen  into  disuse  and  are  not  described;  neither  is  it  possible  to  include  numerous 
modifications  of  operative  technic  applied  to  iridectomies  for  special  purposes. 
The  methods  described  are  those  suited  to  the  majority  of  cases,  or  those  most 
often  encountered. 

t  This  is  a  term  employed  by  Herman  Knapp. 


Fio.     461. — Introductiok     op     Keratome 
Operation  op  Iridectomy  (after  Haab). 
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scleral  margin,  or  a  millimeter  from  the  junction  of  the  sclera  with  the 
cornea,  in  a  direction  at  right  angles  to  the  cornea.  This  direction  it  keeps 
while  the  point  is  thrust  through  the  tissue  until  it  just  appears  within 
the  anterior  chamber.  The  handle  of  the  instrument  must  now  be  de- 
pressed, so  that  the  point  of  the  keratome  shall  not  wound  the  iris  or  the 
lens,  but  move  in  a  plane  parallel  with  the  iris,  which  it  keeps  as  the  blade 
of  the  instrument  is  slowly  pushed  onward  to  the  desired  depth  (Fig. 
461).  The  withdrawal  of  the  knife  must  be  slow  and  its  point  kept  well 
toward  the  posterior  surface  of  the  cornea,  permitting  the  aqueous  to 
escape  slowly  and  avoiding  the  capsule  of  the  crystalline  lens. 

If  a  Graefe  cataract  knife  is  employed,  the  method  of  its  introduction 
is  exactly  that  which  has  been  described  in  the  operation  for  cataract 
(page  86(5).  This  instrument  is  preferable  and  usually  necessar>'  if  the 
anterior  chamber  is  shallow.  The  flap  need  not  be  more  than  2  mm.  in 
height.  After  the  incision 
with  either  of  the  instru- 
ments is  completed,  the 
curved  iris  forceps  are  in- 
troduced with  expanded 
blades  in  order  to  grasp 
the  pupillary  margin  of  the 
iris.  Tlie  forceps  are  now 
withdrawn  with  the  in- 
cluded tissue,  which  is  cut 
off  with  one  or  two  snips 
of  the  iris  scissors,  which 
reach  the  tissue  from  the 
side  in  the  manner  shown 
in  the  illustration,  or,  as 
preferred  by  many  sur- 
geons, from  in  front  over 
the  surface  of  the  cornea 
(Fig.  462).  With  a  metal 
probe  and  spatula  the 
wound  is  dressed  so  that 

no  particle  of  iris  tissue  shall  remain  within  its  lips.  The  procedure  is 
exactly  that  which  is  suited  to  the  second  stage  of  the  operation  for 
cataract  (page  868).  If  much  blood  has  followed  the  cutting  of  the  iris 
and  filled  the  anterior  chamber,  it  can  usually  be  evacuated  by  gentle 
pressure  at  the  base  of  the  cornea,  a  procedure,  however,  which  must 
not  be  tried  except  in  the  gentlest  manner  and  for  the  shortest  time 
possible,  in  those  cases  in  which  the  crystalline  lens  is  clear,  and  is 
to  remain  so,  lest  the  trituration  should  induce  the  formation  of  a 
cataract. 

After  most  iridectomies,  those  for  glaucoma  usually  being  excepted, 
a  drop  of  a  sterile  atropin  solution  should  be  instilled  before  the  bandage 
is  applied.  The  subsequent  management  of  the  case,  and  the  complica- 
tions which  may  arise  during  the  healing  process,  as  well  as  their  treat- 


Fio.  462.- 


Rbmoval  or  Irib  in  Operation  or  Iridec- 
tomy. 
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ment,  are  largely  the  same  as  those  already  described  in  connection  with 
the  operation  for  cataract  (page  870). 

Modifications  of  Technic  Necessary  to  Meet  Special  Indications.— 
In  optical  iridectomy  a  narrow  coloboma,  if  possible,  should  be  placed  in- 
ward, or  downward  and  inward,  for  example,  in  central  leucoma  of  the 
cornea,  or  in  central  congenital  cataract  (page  875),  and  instead  of  using 
the  iris  forceps  to  withdraw  the  tissue,  a  blunt  or  Tyrrell  hook  may  be 
employed.  Many  modifications  of  optical  iridectomy  have  been  tried, 
the  best  of  them  being  that  known  as  precorneal  iridotamy,  described  by 
Axenfeld,  in  which  the  iris  is  made  to  prolapse  through  a  small  corneal 
incision,  when  it  is  incised  with  a  radial  scissor-cut,  not  excised,  and 


FlO.    463. — DREflSING    THE    PILIAR8    OF   THE    COLOBOMA    AFTER    IRIDECTOMY    (after  Haab). 

carefully  replaced.  There  is  gradual  separation  of  the  cut,  making  a 
narrow  aperture  in  the  iris. 

In  ardi-glaucomaious  iridectomy  the  anterior  chamber  must  be  opened 
by  as  peripheral  an  incision  as  is  safe,  and  it  should  be  at  least  2  mm.  pos- 
terior to  the  apparent  corneoscleral  junction;  otherwise  the  root  of  the 
iris  cannot  be  seized.  In  acute  congestive  glaucoma  it  is  usually  taught 
thai  at  least  one-fifth  of  the  iris  should  be  included  in  the  excised  tissue, 
and  it  is  preferable  that  the  coloboma  be  made  upward.  A  less  extensive 
iridectomy,  if  technically  correct,  will  accomplish  equally  good  purposes, 
and  this  is  especially  true  if  it  is  performed  for  non-congestive  or  so- 
called  chronic  glaucoma. 

The  essential  symptoms  of  that  disease,  which  requires  a  peripheral 
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iridectomy  for  its  cure,  namely,  acute  glaucoma,  are  greatly  increased  in- 
traocular tension,  semi-dilated,  immobile  pupil,  shallow  anterior  cham- 
ber, steamy  and  anesthetic  cornea,  great  reduction  of  visual  acuity,  and 
violent  pain. 

In  chronic  non-congestive  glaucoma  there  are  only  slight  increase  of 
intraocular  tension,  not  constantly  present,  no  external  inflammatory 
signs,  progressive  loss  of  the  visual  field,  especially  from  the  nasal  side, 
marked  loss  of  light-sense,  and  the  ophthalmoscopic  signs  of  the  disease, 
namely,  cupping  of  the  optic  disc  and  the  formation  of  a  halo  about  its 
margin.  It  may  be  treated  by  an  iridectomy,  also  peripheral,  but  not 
necessarily  so  broad  as  in  the  acute  varieties  of  the  affection. 

In  both  of  these  diseases  myotics  are  of  signal  service.  In  the  acute 
forms  either  salicylate  of  eserin  or  hydrochlorate  of  pilocarpin  should  be 
employed  in  a  strength  of  1  to  2  grains  to  the  ounce  of  the  former,  and  2 
to  4  grains  to  the  ounce  of  the  latter  drug,  the  instillations  being  repeated 
with  sufficient  frequency  to  contract  the  pupil.  If  they  fail,  iridectomy 
is  necessary.  In  chronic  glaucoma  the  strength  of  the  myotic  solutions 
should  not  at  first  exceed  from  J  to  i  grain  to  the  ounce.  Iridectomy  is 
much  less  certain  in  its  effects  than  in  acute  glaucoma  and  is  not  advised 
at  all  by  some  surgeons.  In  recent  times  this  disease  has  been  treated 
by  excision  of  the  superior  cervical  sympathetic  ganglion.  (See  Vol.  II,  p. 
745.)  The  results  of  this  operation,  however,  have  not  been  satisfac- 
tory, and  it  has  been  abandoned  by  many  surgeons.  Sclerotomy  is  pre- 
ferred by  some  surgeons  to  iridectomy,  or  a  sclerotomy  followed  later  by 
iridectomy,  as  was  advised  by  De  Wecker.  Some  operators  endeavor  to 
make  a  filtering  cicatrix  in  their  operations  for  the  relief  of  glaucoma 
(Lagrange,  Holth,  Herbert). 


OPERAnONS  ON  THE  SCXERA,  CORNEA,  AND  CONJUNCTIVA. 

Anterior  Sclerotomy. — ^This  operation  is  sometimes  employed  as  a 
substitute  for  iridectomy.  It  is  also  useful  to  reduce  intraocular  tension 
if  an  iridectomy  has  failed,  and  is  one  of  the  operations  which  may  be 
practised  for  the  relief  of  hydrophthalm4)s  or  congenital  glaucoma.  It  is 
not  as  efficient  as  iridectomy  in  securing  filtration  at  the  angle  of  the 
anterior  chamber,  but  has  the  advantage  that  it  may  be  repeated  as  often 
as  necessary. 

With  a  narrow  Graefe  cataract  knife,  or  a  specially  constructed  knife, 
a  puncture  is  made  through  the  sclerotic  1  mm.  from  the  border  of  the 
cornea  and  brought  out  at  a  corresponding  point  upon  the  opposite  side, 
very  much  in  the  same  manner  as  the  knife  is  passed  across  the  anterior 
chamber  in  the  operation  of  the  extraction  of  cataract,  except  that  the 
puncture  and  counter-puncture  lie  within  the  sclera,  and  should  be  so 
placed  as  if  it  was  intended  to  form  a  flap  2  mm.  in  height  out  of  the  upper, 
or  equally  well  out  of  the  lower,  part  of  the  cornea.  The  two  punctures 
are  enlarged  by  means  of  a  slight  sawing  movement  of  the  knife,  which 
must  be  withdrawn,  however,  before  the  section  is  completed,  leaving  the 
central  quarter  of  the  sclerotic  flap  and  as  much  of  the  conjunctiva  as 
VOL.  IV — 56 
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possible,  except  where  it  is  punctured,  undivided  (Fig.  464).  Should 
prolapse  of  the  iris  occur  after  withdrawal  of  the  knife,  it  must  be  excised, 
as  in  the  operation  of  iridectomy,  if  it  cannot  be  replaced  with  a  spatula. 
To  prevent  such  prolapse,  the  iris  should  be  under  the  influence  of  a  my- 
otic before  the  operation,  and  this  drug  should  be  continued  during  the 
after-treatment,  which  is  the  same  as  that  suited  to  an  iridectomy. 
Some  surgeons,  following  the  advice  of  the  late  De  Wecker,  are  accus- 
tomed to  perform  an  anterior  sclerotomy  in  the  treatment  of  glaucoma 
some  days  prior  to  an  iridectomy,  because  they  believe  that  the  technic 
of  the  latter  operation  is  facilitated  by  the  deepening  of  the  anterior 
chamber  which  the  sclerotomy  causes.  Lagrange  performs  an  operation 
which  is  practically  a  combination  of  sclerotomy  and  iridectomy  for  the 
same  purpose.    Heine  has  designed  an  operation  for  the  relief  of  glau- 


FiG.  464. — Anterior  Sclerotomy — Incision   Below  (after  Haab). 


coma  to  which  he  gives  the  name  cyclodialysis.  In  this  procedure  an 
opening  is  made  into  the  sclera,  parallel  to  the  cornea  and  6  mm.  from 
it,  through  which  a  spatula  is  introduced  between  the  sclera  and  the  uveal 
tract  through  the  ligamentum  pectinatum  into  the  anterior  chamber. 

Posterior  Sclerotomy. — ^This  operation  is  employed  in  hemor- 
rhagic glaucoma  which  is  not  suited  to  iridectomy,  and  for  the  relief  of 
detachment  of  the  retina.  A  Graefe  cataract  knife  is  entered  at  a 
point  between  the  external  and  inferior  rectus  muscles,  8  mm.  from  the 
corneal  margin,  and  the  blade  passed  toward  the  center  of  the  eyeball  to 
a  depth  of  4  to  6  mm.,  thus  dividing  the  sclera,  the  underlying  coats  of 
the  eye,  and  the  vitreous.  Next,  the  knife  is  slowly  withdrawn  in  such  a 
manner  that  it  executes  a  quarter  turn,  as  the  result  of  which  a  small 
triangular  wound  is  formed  which  favors  filtration.     Like  anterior  sclerot- 
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omy,  this  operation  may  be  repeated  as  occasion  requires,  and  forms,  as 
Priestley  Smith  and  Harold  Gifford,  and  more  recently,  Arnold  Knapp, 
have  maintained,  and  as  I  can  confirm  from  personal  experience,  a  valu- 
able measure  preceding  an  iridectomy  for  the  types  of  glaucoma  just 
described. 

Removal  of  Foreign  Bodies  from  the  Cornea.— Small  foreign 
bodies — ^for  example,  cinders,  emery,  fragments  of  metal,  small  thorns, 
and  the  like — readily  lodge  upon  the  surface  of  the  cornea,  or  become 
embedded  within  its  tissues.  These  accidents  are  of  frequent  occur- 
rence; for  example,  among  8778  patients  applying  in  my  service  in  the 
University  Hospital  during  four  years,  311,  or  about  3 J  per  cent,  of 
them,  came  for  the  relief  of  foreign  bodies  embedded  in  the  cornea. 
Search  for  these  intruders  should  always  be  made  with  the  aid  of  oblique 
illumination  and  a  magnifying  glass,  either  of  the  ordinary  type,  or,  better 
still,  in  the  form  of  a  corneal  loupe,  that  is  to  say,  a  glass  specially  pre- 
pared for  inspecting  the  cornea.  If  the  body  is  simply  lodged  upon  the 
surface  of  the  cornea,  after  this  structure  is  cocainized  or  holocainized  in 
the  usual  manner,  the  body  may  be  flicked  from  its  place  with  the  aid  of 
a  probe  upon  which  has  been  twisted  a  small  particle  of  sterile  cotton. 
If  it  is  embeddecl,  it  must  be  picked  from  its  position  with  a  sterilized  metal 
spud  with  as  little  laceration  of  the  surrounding  corneal  epithelium  as  is 
possible.  Afterward  the  eye  should  be  carefully  flushed  with  a  saturated 
boric  acid  solution,  or  a  1:  5000  solution  of  cyanid  of  mercury,  and  if 
there  has  been  much  abrasion  of  the  corneal  epithelium,  a  light  compress 
bandage  should  be  applied  for  the  next  twenty-four  hours  until  this  epi- 
thelium is  regenerated,  lest  the  cornea  become  infected  from  the  conjunc- 
tival juices  and  produce  by  the  entrance  of  micro-organisms,  notably  the 
pneumococcus,  a  sloughing  ulcer.  The  pernicious  habit  of  workmen  of  re- 
moving foreign  bodies  from  eyes  with  toothpicks  cannot  be  too  strongly 
condemned  and  has  been  the  means  of  producing  many  cases  of  hypo- 
pyon keratitis.  If  the  foreign  body  is  not  found  by  inspecting  the 
cornea,  the  lids  should  be  carefully  everted  and  thoroughly  examined 
with  the  magnifying  glass,  and  often  the  body  will  be  found  either  di- 
rectly imderneath  the  lid,  or  hidden  in  the  folds  of  the  conjunctiva,  from 
which  it  may  be  readily  removed  in  the  ordinary  manner. 

Occasionally  small  particles  of  metal,  iron  or  steel,  are  so  deeply  em- 
bedded that  it  is  diflScult  to  reach  them  without  undue  laceration  with  a 
spud.  Under  these  circumstances  the  point  of  an  electromagnet  may  be 
applied.  If  the  foreign  body  passes  entirely  through  the  cornea  into  the 
anterior  chamber,  this  cavity  must  be  opened  in  the  same  manner  as  if 
an  iridectomy  were  to  be  performed  and  an  effort  made  to  seize  the  body 
with  forceps.  If  it  is  entangled  in  the  iris,  it  may  be  necessary  to  remove 
a  small  portion  of  this  tissue  with  the  foreign  body.  If  the  body  is  metal 
it  should  be  removed  with  a  small  magnet. 

Paracentesis  of  the  Cornea. — This  operation  may  be  employed 
for  temporarily  reducing  the  intraocular  tension  in  iritis  or  uveitis,  in 
corneal  ulcers  which  threaten  to  perforate,  in  glaucoma,  provided  it  is 
not  possible  to  make  an  iridectomy  or  sclerotomy,  and  to  drain  the  anterior 
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chamber  if  it  contains  a  collection  of  pus,  blood,  etc.  It  is  performed 
as  follows:  Either  with  a  narrow  keratome  or  with  a  paracentesis 
needle,  constructed  with  a  shoulder  in  order  to  prevent  undue  depth  of 
entrance,  the  cornea  b  punctured  near  its  lower  margin,  the  instrument 
being  inserted  at  an  angle  of  45  degrees  with  the  point  of  contact.  As 
the  needle  is  withdrawn  it  should  be  slightly  rotated,  so  that  the  lips  of 
the  wound  are  opened  and  thus  facilitate  the  escape  of  the  contents  of  the 
aqueous  chamber. 

Operative  Treatment  of  Corneal  Ulcers.— The  forms  of  cor- 
neal ulcer  which  furnish  the  indications  for  surgical  interference  are 
chiefly  those  known  as  infected  or  sloughing  vlcers,  in  which  the  lesion  in 
the  cornea  tends  t.o  spread  and  increase,  and  is  surrounded  by  a  purulent 
infiltration  and  often  associated  with  a  collection  of  purulent  material 
in  the  bottom  of  the  anterior  chamber  (hypopyon).  Usually  such  an 
ulcer  follows  a  slight  injury  of  the  cornea  which  becomes  infected  from 
the  surrounding  conjunctival  juices,  or  from  the  adjacent  lachrymal 
canal,  and  in  95  per  cent,  of  the  cases  the  active  micro-organism  is  the 
pneumococcus.  Sloughing  ulcers,  however,  also  are  caused  by  staphylo- 
cocci, streptococci,  bacterium  coli,  bacillus  pyocyaneus,  and  by  other 
rarer  micro-organisms.  Keratitis,  due  to  an  infection  from  the  asper- 
gillus  fumigatus,  is  an  uncommon  disease. 

Sloughing  keratitis,  as  it  accompanies  a  number  of  the  infectious 
diseases, — notably,  smallpox,  measles,  and  scarlet  fever, — is  also  encoun- 
tered, and  more  rarely  certain  special  types  of  corneal  infection;  for  ex- 
ample, the  infected  marginal  ulcer,  Mooren's  rodent  ulcer,  dendriform 
ulcers,  etc. 

Treatment, — The  treatment  should  include  a  rigorous  cleansing  of  the 
conjunctival  sac  with  boric  acid  solution,  or  bichlorid  of  mercury,  1 :  10,000, 
or  cyanid  of  mercury,  1  :  5000,  and  the  instillation  of  an  atropin 
solution,  4  grains  to  the  ounce,  with  sufficient  frequency  to  maintain 
mydriasis  and  prevent  iritis.  The  spread  of  infection  is  best  checked 
by  coloring  the  ulcer  with  a  2  per  cent,  solution  of  fluorescin,  which 
stains  all  the  necrotic  tissue  a  yellowish-green  color,  and  touching  this 
area  with  a  prol)e  which  has  been  dipped  in  a  solution  of  pure  carbolic 
acid,  of  nitric  acid  as  recommended  by  Haab,  or  of  trichloracetic  acid 
as  advocated  by  Cliflford,  L.  W.  Fox,  Bulson,  myself,  and  many 
others.  After  the  application,  or  even  independently  of  it,  iodoform 
may  be  dusted  upon  the  surface  of  the  ulcer  and  the  eye  closed  with 
a  lightly  applied  compressing  bandage,  which  is  to  be  renewed  at  each 
dressing,  two  or  three  times  a  day.  If  these  measures  fail,  or  if  from 
the  beginning  the  process  is  suflficiently  malignant  to  demand  it,  the 
actual  cautery  may  be  applied,  either  a  small  Paquelin  cautery  or  a 
galvanocautery.  The  edge  and  floor  of  the  ulcer  should  be  gently  but 
thoroughly  burned.  If  neither  a  Paquelin  nor  a  galvano-cautery  is  at 
hand,  an  ordinary  knitting-needle  or  a  platinum  probe  heated  in  a  spirit- 
lamp  will  suffice.  If  the  intraocular  tension  should  rise,  or  if  there  is  a 
large  collection  of  pus  in  the  anterior  chamber,  paracentesis  of  the  cornea 
(page  883)  may  be  practised,  or  an  incision  made  directly  through  the 
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ulcer,  after  the  manner  of  Saemisch,  as  follows:  The  lids  being  separated 
and  the  eyeball  steadied  in  the  usual  manner,  a  narrow  cataract  knife  is 
entered  on  one  side  of  the  cornea,  and  carried  across  the  anterior  chamber 
beneath  the  ulcer,  and  the  section  made  forward  directly  through  the 
diseased  area.  Through  this  incision  the  hypopyon  escapes,  or  if  not,  it 
may  be  removed  by  means  of  delicate  forceps,  or  washed  out  with 
physiologic  salt  solution.  The  after-treatment  is  exactly  that  which 
has  been  described,  and  the  incision  may  be  reopened  with  a  probe  as 
often  as  additional  drainage  is  required. 

Patients  with  severe  corneal  ulcers  should  be  kept  in  bed,  and  should 
have  general  supporting  and  tonic  treatment.  Dionin  in  5  per  cent, 
solution  locally  is  of  great  service  and  may  be  used  in  addition  to  the 
atropin.  In  some  cases  subconjunctival  injections,  either  of  physiologic 
salt  solution  or  of  cyanid  of  mercury,  as  recommended  by  Darier,  are  of 
signal  service.  The  serum  treatment  developed  by  Romer  has  not  met 
with  the  success  which  was  at  first  anticipated.  Should  the  lachrymal 
sac  be  inflamed  and  pus  be  issuing  from  the  punctum,  this  must  be  treated 
in  the  usual  manner,  or,  better  still,  the  sac  should  be  extirpated  (page 
923).  Argyrol  in  25  per  cent,  solution  and  protargol  in  20  per  cent, 
solution  frequently  instilled  into  the  conjunctival  sac  are  of  service  in 
the  treatment  of  infected  corneal  ulcers,  and  may  be  applied  at  each 
dressing. 

Treatment  of  Corneal,  Conjunctival,  and  Corneoscleral 
Wounds. — ^The  treatment  of  an  incised  or  lacerated  conjunctival  wound, 
provided  this  tissue  is  alone  involved,  is  a  comparatively  simple  matter. 
After  the  usual  cleansing  of  the  conjunctival  surfaces  with  a  boric  acid 
solution,  the  lacerated  tissues  may  be  united  with  a  fine  silk  suture  and 
a  compress  bandage  applied.  The  suture  should  be  removed  at  the  end 
of  forty-eight  hours.  Incised  wounds  of  the  cornea  are  more  serious,  as 
under  the  best  of  circumstances  they  interfere  with  vision.  If  not  of 
great  extent  and  unassociated  with  prolapse  of  the  underlying  tissues, 
the  conjunctival  sac  should  be  sterilized  and  a  compress  "bandage  applied, 
through  which  cold  applications  may  be  made.  Usually  union,  if  infec- 
tion is  prevented,  will  occur  within  the  first  twelve  hours.  If  the  wound 
is  an  extensive  one,  and  if  the  iris  has  prolapsed  into  it,  and  if  examinsr 
tion  has  excluded  the  presence  within  the  eyeball  of  a  foreign  body,  the 
prolapsed  iris  must  be  replaced,  or  if  this  is  not  possible,  abscised,  as  in 
the  operation  of  iridectomy,  and  the  eye  treated,  after  bandaging,  precisely 
as  after  an  iridectomy. 

In  extensive  wounds  of  the  cornea  it  has  been  suggested  by  De  Wecker, 
Kuhnt,  Gamo  Pinto,  and  other  surgeons  that  healing  may  be  secured 
more  rapidly,  and  infection  prevented,  if  the  wound  is  temporarily  covered 
with  a  flap  of  conjunctiva,  obtained  by  loosening  this  membrane  from 
the  neighboring  eyeball  and  holding  it  in  place  over  the  wounded  cornea 
by  means  of  sutures.  As  soon  as  the  corneal  wound  has  healed,  the  con- 
junctival covering  is  returned  to  its  original  situation.  In  place  of  using 
a  conjunctival  flap  for  this  purpose  gelatin  wafers  impregnated  with 
iodoform,  as  recommended  by  Mules,  or  with  coUargol,  as  suggested  by 
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Maitland  Ramsay,  may  be  employed.  They  are  placed  over  the  wound 
and  held  in  place  by  means  of  a  bandage  until  union  takes  place. 

Of  even  greater  surgical  importance  are  wounds  situated  at  the  corneo- 
scleral junction,  because  of  their  proximity  to  the  so-called  dangerous 
region  of  the  eye  (page  854),  which,  indeed,  is  frequently  involved.  They 
are  usually  inflicted  by  some  sharp  instrument,  for  example,  a  piece  of 
glass,  or  wire,  or  knife-blade,  or  tine  of  a  fork,  etc.  Associated  with  the 
wound  almost  always  there  is  prolapse  of  the  underlying  tissue,  either  of 
the  iris,  or,  if  the  wound  has  extended  into  the  sclera,  of  the  ciliary 
body. 

The  treatment  differs  according  to  the  conditions  found  at  examinar 
tion. 

1.  If  the  wound  is  fresh,  and  there  is  no  prolapse  of  underlying  tissue, 
and  examination  has  determined  the  absence  of  a  foreign  body  within  the 
eye,  the  measures  already  described  in  connection  with  corneal  wounds 
are  applicable. 

2.  If  the  wound  is  fresh,  and  there  is  prolapse  of  underlying  tissue, 
and  there  is  no  foreign  body  within  the  eye,  the  prolapsed  material  should 
be  carefully  removed,  exactly  as  if  an  iridectomy  were  being  performed, 
and  with  the  same  instruments.  The  edge  of  the  wound  should  next  be 
penciled  with  a  solution  of  bichlorid  of  mercury,  1  :  2000,  and  if  it  is 
gaping,  drawn  together  with  a  delicate  silk  suture,  which  should  be  passed 
through  the  divided  conjunctiva  and  not  through  the  underlying  sclera. 
The  subsequent  treatment  of  compressing  bandage,  atropin  mydriasis, 
rest  in  bed,  and  the  internal  administration  of  some  form  of  mercury, 
preferably  calomel,  should  be  carefully  carried  out. 

3.  If  the  wound  is  seen  late  and  infection  has  already  begun  in  the 
form  of  a  purulent  iritis,  or  a  purulent  infection  of  deeper  tissues,  or  if 
the  eye  contains  a  foreign  body  which  cannot  be  removed,  or  if  the  patient 
cannot  be  under  constant  expert  observation,  or  if  the  eye  shows  increas- 
ing and  intractable  inflammation,  it  should  be  enucleated,  to  prevent 
sympathetic  ophthalmitis. 

If  conservative  measures  are  attempted,  the  strictest  cleansing  of  the 
involved  tissues  should  be  practised.  If  the  recommendation  of  Haab 
is  followed,  a  small  rod  of  sterilized  iodoform  may  be  introduced  through 
the  wound  into  the  anterior  chamber.  This  practice,  however,  has  not 
met  with  the  approval  of  all  surgeons,  and  in  my  experience  is  not  a 
necessary  nor  always  a  wise  procedure. 

Wounds  of  the  sclera  may  be  made  by  any  sharp  instrument,  or  by 
a  foreign  body,  or  may  be  caused  by  a  blow,  and  constitute  the  so-called 
ruptures  of  the  scleray  most  frequently  found  about  3  mm.  from  the  corneo- 
scleral junction  and  concentric  with  it  (compare  page  853).  They  may 
be  simple  ruptures,  that  is  to  say,  the  overlying  conjunctiva  is  not  divided, 
or  compound  ruptures,  that  is  to  say,  the  overlying  conjunctiva  is  divided. 
Exactly  the  same  principles  of  treatment  which  have  just  been  recited 
are  applicable.  Usually  the  stitches  which  close  a  wound  through  the 
sclera  should  not  pass  through  the  scleral  tissue  itself,  but  only  through 
the  overlying  conjunctiva.     Where  the  scleral  wound  is  a  large  one  and 
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gaping  is  wide,  an  additional  single  scleral  suture  is  recommended  by 
some  surgeons. 

The  consequences  of  any  of  these  wounds  may  be  serious,  the  most 
noteworthy  complications  being  sympcUhetic  ophthalmitis ^  traumatic  cata- 
ract, infection  of  the  uveal  tract  and  panophthalmitis,  and  even  after 
complete  healing,  late  detachment  of  the  retina. 

The  constitutional  treatment  of  these  injuries  must  never  be  lost  sight 
of,  and  the  best  results  are  secured  by  the  administration  of  mercury,  as 
already  mentioned,  in  the  form  of  calomel,  or,  as  Schirmer  prefers,  by 
means  of  inunctions.  Of  excellent  repute 'also  is  the  exhibition  of  full 
doses  of  salicylate  of  sodium  after  the  course  of  mercury,  this  remedy 
seemingly  having  the  power  of  preventing  the  development  of  so-called 
sympathetic  disease,  or  even,  as  Dal6n  has  shown,  of  lessening  the  sever- 
ity of  the  manifestation  should  it  arise. 

Sympathetic  ophthalmitis,  due  in  at  least  80  per  cent,  of  the  cases 
to  traumatism  of  the  ciliary  region,  and  liable  to  occur  in  about  13  per 
cent,  of  injured  eyes  (Fuchs),  usually  does  not  arise  until  three  to  six 
weeks  after  the  injury  of  the  '*  exciting  eye,  ''  and  manifests  itself  in  general 
in  some  form  of  iridocyclitis,  with  extensive  involvement  of  the  uveal 
tract  in  the  *  *  sympathizing  er/e."  The  pathogenesis  has  not  been  definitely 
settled,  although  we  know  that  the  old  theory  of  a  transference  of  impulses 
or  poisons  by  way  of  the  ciliary  nerves  is  no  longer  tenable.  It  is  doubt- 
ful, too,  if  Deutschmann's  theory  of*  migratory  ophthalmitis  should  be 
retained.  Romer's  beautiful  researches  indicate,  as  Berlin  originally 
thought,  that  the  disease  should  be  regarded  as  a  metastasis,  the  metas- 
tatic infection  proceeding  by  way  of  the  blood-streams  and  depending 
upon  some  form  of  micro-organism  pathogenic  for  the  eye  and  not  affect- 
ing the  body  generally.  Some  investigations  of  Zur  Netlden  indicate  the 
discovery  of  this  organism,  but  they  are  not  confirmed,  and  he  himself  is 
uncertain.  Fuchs *s  remarkable  investigations  of  the  anatomy  of  sym- 
pathetic ophthalmitis  indicate  that  the  lesions  are  characteristic  (this  is 
denied  by  Ruge  and  others)  and  develop  in  a  definite  form  of  infiltrating 
or  proliferating  uveitis.  He  believes  that  the  pathogenic  agent  enters 
the  second  eye  through  the  circulation,  and  that  the  whole  process  should 
be  regarded  as  a  metastasis,  exactly  as  this  occurs  in  tumors.  There- 
fore Berlin^s  theory  and  Romeros  researches  appear  to  be  receiving  anar 
tomic  confirmation.  The  treatment  of  sympathetic  ophthalmitis,  if  it 
exists,  is  that  suited  to  iritis — atropin,  dionin,  subconjunctival  injections, 
mercury,  and  large  doses  of  salicylate  of  sodium.  It  should  be  pre- 
vented by  the  enucleation  of  the  **  exciting  eye  "where  the  indications 
already  recorded  are  present. 

Treatment  of  Burns  of  the  Cornea  and  Conjunctiva.— Injuries 
of  this  character  are  commonly  inflicted  with  lime  (mortar  or  quick-lime), 
molten  metals,  powder,  acids,  and  strong  alkalis.  The  prognosis  is  par- 
ticularly grave  in  carbolic  acid,  lime,  and  ammonia  bums,  and  often  under 
the  best  of  circumstances  sloughing  of  the  cornea,  iritis,  and  panoph- 
thalmitis arise.  Even  when  these  serious  sequels  are  averted,  the  de- 
struction of  the  mucous  covering  of  the  inner  surfaces  of  the  lids  and  the 
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eyeball  is  apt  to  be  followed  by  an  adhesion  of  these  tissues,  or  the  forma- 
tion of  a  symblepharon. 

After  an  accident  involving  a  burn  of  the  regions  named,  all  foreign 
substances  should  be  removed  as  quickly  as  possible.  In  lime  bums,  if 
any  offending  particles  remain,  they  may  be  flushed  out  with  water,  or 
preferably,  as  Schmidt-Rimpler  points  out,  with  oil  introduced  with  a 
syringe.  Subsequently  the  pupils  should  be  dilated  with  atropin,  the 
cul-de-sac  of  the  conjunctiva  kept  scrupulously  clean  and  lubricated  with 
olive  or  castor  oil.  In  order  to  prevent  adhesion  between  the  lids  and 
the  eyeballs,  it  has  been  suggested  to  place  between  them  a  piece  of  gold- 
beater's skin,  or  of  thin  rubber  protective,  or  the  skin  which  lines  the 
inner  surface  of  an  eggshell.     In  my  experience  none  of  these  expedients 


Fio.  465. — ^Teale's  Operation  for  Symblepharon. 
The  symblepharon  is  detached  at  a  and  removed.     Two  coniunctival  tiapa,  b  and  c,  are  formed 
and  turned  to  cover  the  denuded  surface  of  the  eyeball  and  of  the  inner  side  of  the  lid.     The  con- 
junctival g^pa  are  closed  by  sutures,  d  and  e. 

are  as  valuable  as  the  systematic  breaking  up  of  adhesions  several  times  a 
day  with  a  probe,  associated  with  rigorous  local  antisepsis. 

Operations  for  Symblepharon.— If  in  spite  of  these  precautions  a 
symblepharon  forms,  after  all  inflammatory  symptoms  have  subsided, 
an  attempt  must  be  made  to  remedy  the  condition.  Unfortunately,  the 
results  are  often  most  unsatisfactory.  In  general  terms,  the  adhesions 
should  be  divided,  and  the  raw  surfaces  left  after  they  are  severed  covered 
with  flaps  of  healthy  conjunctiva  taken  from  the  unaffected  parts  of  the 
eyeball.  This  is  Teale's  method  (Fig.  465).  Occasionally  the  symble- 
pharon can  be  dissected  back  to  the  retrotar^al  fold  and  doubled  upon 
itself,  so  as  to  oppose  a  mucous  surface  to  the  globe.  It  is  fixed  in  posi- 
tion by  means  of  a  ligature  armed  at  either  end  with  a  needle  passed 
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through  the  lid  from  the  conjunctival  surface.  In  more  extensive  symble- 
pharons  an  attempt  may  be  made,  after  the  eyelid  has  been  dissected  from 
the  eyeball,  to  prevent  readhesion  by  inserting  a  graft  made  of  rabbit's 
conjunctiva,  or,  as  Hotz  suggests,  a  Thiersch  graft.  As  the  movement 
of  the  lid  is  apt  to  displace  it  the  transplanted  skin,  following  the  advice 
of  Hotz  and  May,  may  be  secured  by  means  of  a  rigid  support,  for  example, 
a  thin  piece  of  lead,  or  a  suitable  glass  prosthesis.  This  plate  may  be 
made  of  melted  lead  and  covered  with  paraffin,  as  recently  recommended 
by  Wilder. 

Operations  for  Pterygium. — ^To  remove  a  pterygium,  which  is  a 
triangular  shaped  growth  composed  of  vascular  hypertrophied  conjunc- 
tival and  subconjunctival  tis- 
sue, in  its  true  form  usually 
situated  at  the  inner  side  of 
the  eye  with  its  apex  attached 
to  the  corneal  border,  a  va- 
riety of  operations  have  been 
practised,  which  in  general 
terms  include  excision,  stran- 
gulation by  ligature,  and 
transplantation.  Excision  is 
suited  to  a  small  pterygium, 
as  the  bared  surface  left  after 
its  removal  may  be  covered 
by  stitching  together  the 
margins  of  the  conjunctiva. 
Usually^  however,  some  form 
of  transplantation  is  required, 
preceded  by  splitting  the 
growth,  after  its  apex  has 
been  detached,  as  in  Knapp's 
operation,  or  transplanting  it 
in  its  entirety,  as  in  the  op- 
eration of  Desmarres,  which 
has  been  modified  by  John 
D.  McReynolds,  and  which  is 
an  excellent  procedure.  The 
description  which  follows  is 
in  McReynolds'  own  words: 

**  Grasp  completely  the  neck  of  the  pterygium  with  strong  but  narrow 
fixation  forceps.  Pass  a  Graefe  knife  through  the  constriction  and  as 
close  to  the  globe  as  possible,  and  then,  with  the  cutting-edge  turned 
toward  the  cornea,  smoothly  shave  off  every  particle  of  the  growth  from 
the  cornea.  With  the  fixation  forceps  still  hold  the  pterygium,  and  with 
slender  straight  scissors  divide  the  conjunctiva  and  subconjunctival  tis- 
sue along  the  lower  margin  of  the  pterygium,  commencing  at  its  neck  and 
extending  toward  the  canthus,  a  distance  of  J  to  J  of  an  inch.  Still  hold 
the  pterygium  with  the  forceps,  and  separate  the  body  of  the  growth 
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Fig.  466. — McReynolds'  Opkration  for  Pterygium. 
A,  Showing  needles  1  and  2,  which  enter  the 
neck  of  the  pterygium  p  t  e  at  a  and  6,  and  then  paas 
beneath  the  loosened  lower  segment  of  conjunctiva 
X  y  t,  and  then  emerge  at  c  and  d  below  the  cornea. 
B,  showing  pterygium  p  t  e  fixed  by  a  single  stitch 
c  d  beneath  tne  loosened  lower  segment  of  conjunctiva 
X  y  t,  while  the  former  site  of  the  growth  p  x  t  is  cov- 
ered by  the  normal  smooth,  stretched  and  thinned  out 
conjunctiva  p  x  t. 
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from  the  sclera  with  any  small,  non-cutting  instrument.  Now  separate 
well  from  the  sclera  the  conjunctiva  lying  below  the  oblique  incision  made 
with  scissors.  Take  a  black  silk  thread,  armed  at  each  end  with  small 
curved  needles,  and  carry  both  of  these  needles  through  the  apex  of  the 
pterygium  from  without  inward  and  separated  from  each  other  by  a 
sufficient  amount  of  the  growth  to  secure  a  firm  hold.  Then  carry  these 
cutting  needles  downward  beneath  the  loosened  conjunctiva  lying  below 
the  obUque  incision  made  by  the  scissors.  The  needles,  after  passing  in 
parallel  directions  beneath  the  loosened  lower  segment  of  the  conjunctiva 
until  they  reach  the  region  of  the  lower  fornix,  should  emerge  from  be- 
neath the  conjunctiva  at  a  distance  of  about  J  to  J  of  an  inch  from  each 
other.  Next,  with  the  forceps,  lift  up  the  loosened  lower  segment  of  the 
conjunctiva  and  gently  exert  traction  upon  the  free  ends  of  the  threads, 
which  have  emerged  from  below,  and  the  pterygium  will  glide  beneath 
the  loosened  lower  segment  of  the  conjunctiva,  and  the  threads  may  now 
be  tightened  and  tied  and  the  surplus  portion  of  the  thread  cut  off,  leav- 
ing enough  to  facilitate  the  removal  of  the  threads  after  proper  union  has 
occurred.  It  is  extremely  important  that  no  incision  be  made  along  the 
upper  border  of  the  pterygium;  otherwise  it  would  gape  and  would  leave 
a  denuded  space  when  downward  traction  is  made  upon  the  pterygium" 
(Fig.  466). 

With  the  operation  of  strangulation  by  ligature,  destruction  of  the 
apex  with  cautery,  and  similar  procedures  I  have  had  but  slight  ex- 
perience, and  they  do  not  appeal  to  me.  Occasionally  -a  large,  fleshy, 
and  especially  so-called  pseudo-pterygium  must  be  treated  as  is  a  symble- 
pharon  (see  page  888). 

Operations  for  Staphyloma.— One  of  the  results  of  the  distention 
of  a  cicatrix  formed  after  the  healing  of  a  corneal  ulcer  to  which  the  iris 
is  adherent  is  a  staphyloma,  which  may  be  partial,  or  if  the  entire  cornea 
is  involved,  total.  Occasionally  sufficient  clear  cornea  remains  to  im- 
prove the  vision  somewhat  by  an  optical  iridectomy  (page  880),  or,  if 
this  is  not  feasible,  a  partial  staphyloma  may  be  amputated  and  the 
wound  allowed  to  heal  under  a  compressing  bandage,  or  the  lips  approxi- 
mated by  means  of  sutures  which  pass  only  through  the  conjunctiva.  It 
was  the  practice  at  one  time  to  amputate  total  staphylomas,  and  after 
permitting  the  lens  to  escape  to  draw  the  edges  together  with  interrupted 
sutures,  which  passed  through  the  sclera,  as  in  Critchett's  operation,  or  to 
cover  over  the  amputated  surface  with  sutures  inserted  in  the  conjunc- 
tiva, which  was  first  carefully  dissected  from  the  corneal  margin  almost  as 
far  as  the  equator  of  the  eyeball,  as  in  De  Wecker's  method,  or  passing 
them  through  the  episclera  or  sclera,  as  Knapp  suggested,  but  never 
through  any  part  of  the  uvea.  Under  the  name  combined  keratec- 
tomy this  operation  was  practised  by  Panas,  the  cornea  being  amputated 
and  the  iris  and  lens  carefully  removed  and  the  wound  closed  with  su- 
tures. Should  there  be  ciliary  irritation,  iridocyclitis,  or  sympathetic 
irritation,  these  operations  are  contraindicated,  although  if  successful 
they  furnish  an  excellent  stump  on  which  to  rest  prosthesis.  Late  irri- 
tability of  the  stump,  however,  rendering  its  removal  necessary,  is  some- 
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times  noted,  and  undue  reaction,  sympathetic  irritation,  and  even  sym- 
pathetic ophthalmitis  have  occurred,  and  generally  the  operation  is  less 
desirable  than  enucleation  or  one  of  its  substitutes,  an  exception  being 
in  non-inflamed,  staphylomatous  eyes,  as  they  occur  in  children. 

Numerous  operations  have  been  devised  for  the  reUef  of  conical 
cornea,  and  these  are  sometimes  necessary,  provided  the  visual  acuity 
cannot  be  raised  with  suitable  lenses  to  the  required  degree.  Of  all  of 
those  devised,  a  careful  touching  of  the  cone  with  a  button-shaped 
electrocautery  and  thus  producing  a  contracting  scar,  furnishes  the  best 
results. 

Operations  for  Granular  Lids.— Granular  conjunctivitis,  or  that  dis- 
ease in  which  there  is  an  inflammatory  infiltration  of  the  adenoid  layer  of  the 
conjunctiva,  associated  with  a  development  of  follicles  or  trachoma  gran- 
ules and  enlargement  of  ^  j^^« 
the  papillary  layer,  is  ^SbBI 
often  best  managed  by  ^r^^^  [ 
operative  procedures. 
Numerous  methods  have 
been  devised.  Among 
these  the  most  impor- 
tant are:  Abscission  of 
the  granulations,  exci- 
sion of  the  retrotarsal 
folds,  or  of  a  strip  of 
the  infiltrated  fornix , 
removal  of  a  part  of  the 
tarsal  conjunctiva  at  the 
same  time  that  the  strip 
of  infiltrated  fornix  is 
excised,  the  so-called 
combined  excision,  ex- 
tirpation of  the  tarsus 
(Kuhnt 's  operation) , 
and  squeezing  or  rolling 

out  of  the  trachoma  follicles  with  suitable  instruments,  especially  such  as 
have  been  devised  by  Noyes,  Knapp,  and  Kuhnt. 

Of  these  various  procedures,  the  operation  of  expression,  often 
known  as  Knapp 's  operation,  is  usually  the  most  satisfactory.  With 
the  aid  of  either  general  or  local  anesthesia,  the  upper  lid  is  everted  and 
the  palpebral  conjunctiva  thoroughly  exposed.  Next,  this  is  scarified 
superficially,  and  one  blade  of  a  Knapp 's  roller  forceps  (Fig.  467)  is  pushed 
deeply  between  the  ocular  and  palpebral  conjunctiva  and  the  other  ap- 
plied to  the  everted  surface  of  the  tarsus.  The  forceps  are  now  com- 
pressed and  drawn  forward  and  the  infiltrated,  soft  tissue  squeezed  out  as 
the  cylinders  roll  over  the  surface  of  the  fold  held  between  them.  This 
maneuver  should  be  repeated  until  all  of  the  morbid  material  has  been 
thoroughly  removed.  The  lower  retrotarsal  fold  Is  treated  in  precisely 
the  same  way,  and  during  the  operation  the  exposed  surfaces  are  flooded 


Fio.  467. — Knapp'b  Operation  for  Trachoma  (Hanaell  and 
Sweet). 
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with  a  tepid  solution  of  bichlorid,  1  :  8000.  Cold  compresses  may  be 
placed  upon  the  eyelids  for  the  next  twenty-four  hours,  and  subsequently 
there  should  be  daily  exposure  of  the  conjunctival  surfaces,  which  are 
touched  with  nitrate  of  silver,  10  grains  to  the  ounce,  or  painted  with 
protargol,  20  per  cent.,  or  rubbed  with  a  stick  of  the  sulphate  of  copper, 
according  to  circumstances. 

Some  surgeons  prefer  the  operation  of  grattage,  in  which  after  expo- 
sure of  the  infiltrated  tarsal  conjunctiva  and  its  scarification,  bichlorid  of 
mercury,  1  :  2000,  is  rubbed  into  the  tissues  with  a  brush.  The  reaction 
is  apt  to  be  ver>'  severe,  and  the  operation  possesses  no  advantages  over 
the  one  just  described. 

Of  the  other  operations  which  have  been  mentioned,  excision  of  a 
strip  of  conjunctiva  containing  the  trachoma  granules,  or  of  the  exposed 
fornix,  the  wound  afterward  being  closed  with  sutures,  is  the  least  objec- 
tionable. With  extirpation  of  the  tarsus  as  recommended  by  Kuhnt  in 
certain  cases  of  chronic  trachoma  and  greatly  infiltrated  tarsus,  I  have  had 
no  experience. 

Tattooing  the  Cornea. — The  disfigurement  occasioned  by  the  pres- 
ence of  a  dense  leucoma  the  result  of  a  corneal  ulcer  may  be  lessened  by 
tattooing  the  center  of  the  tissue  with  India  ink,  ^hich  has  been  rubbed 
up  with  water  into  a  fine  paste,  and  which  is  pricked  into  the  scar  with  an 
ordinary  cataract  needle,  or  with  several  needles  set  side  by  side.  An 
attempt  to  obtain  a  uniform  black  surface  should  be  made,  and  with 
care  surprisingly  good  results  may  be  obtained. 

Tumors  of  the  cornea,  if  benign, — for  example,  dermoids,  pa- 
pillomas, and  certain  cysts, — especially  if  situated  at  the  corneoscleral 
junction,  may  be  removed  by  an  ordinary  dissection.  Epibulbar  sar- 
comata, if  limited,  have  been  treated  in  like  manner;  but  as  there  is  a 
history  of  recurrence  in  fully  80  per  cent,  of  the  cases,  Verhoeff  and  Lor- 
ing  properly  recommend  immediate  removal  of  the  eyeball. 


TREATMENT  OF  FOREIGN  BODIES  LODGED  WITHIN  THE  EYEBALL- 

The  treatment  of  foreign  bodies  within  the  eyeball  differs  according 
to  the  character  of  the  foreign  substance.  If  the  foreign  body  is  com- 
posed of  iron  or  steel  and  its  presence  and  position  cannot  be  determined 
owing  to  opacities  in  the  media,  or  blood  which  fills  the  chambers  of  the 
eye,  a  diagnosis  is  possible  with  the  aid  of  a  magnetic  needle,  as  was 
originally  suggested  by  T.  R.  Pooley,  of  New  York.  Asmus  and  Hirsch- 
berg  have  constructed  instruments,  known  as  sideroscapes,  by  means  of 
which  a  properly  protected  magnetic  needle  is  held  near  the  eye  in 
different  positions,  and  an}^  deviation  of  the  needle  carefully  noted. 
Where  the  deviation  is  greatest  there  is  reason  to  suspect  the  presence  of  a 
foreign  body.  In  recent  years  large,  or  so-called  giant,  magnets  have  been 
employed  for  diagnostic  purposes.  When  such  a  magnet  is  placed  close  to 
the  eye,  it  may  dislodge  the  foreign  body,  the  movement  of  which  causes  a 
localized  pain.  Sometimes,  as  will  presently  be  shown,  not  only  is  the  pain 
produced,  but  the  body  itself  is  drawn  forward  into  the  anterior  chamber. 
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The  absence  of  pain,  however,  does  not  exclude  the  presence  of  a  foreign 
body,  and  therefore  the  test  is  not  a  perfectly  sure  one. 

By  far  the  most  accurate  method  of  diagnosis  under  the  conditions 
named  consists  in  the  employment  of  the  x-rays,  a  plate-holder  being 
placed  upon  the  side  of  the  head,  and  after  suitable  exposures  a  search  is 
made  on  the  skiagram  for  the  shadow  cast  by  the  foreign  body.  Numer- 
ous methods  have  been  devised  for  the  use  of  the  rays  under  these  con- 
ditions; three — those  designed  by  McKenzie  Davidson,  of  England, 
William  M.  Sweet,  of  Philadelphia,  and  George  Dixon,  of  New  York — 
being  in  my  judgment  the  most  efficient,  and  of  these  three  my  experi- 
ence has  been  the  greatest  with  Sweet's  method  of  localization.  To 
quote  Sweet's  words:  ''These  methods  of  localizing  foreign  bodies  in 
the  eyeball  by  means  of  the  Rontgen  rays  are  all  based  upon  the  study  of 


Fio.  468. — Showing  the  Use  op  the  Labos  Magnet  in  Extracting  an  Ibon  Spicule  from  the 

Ete  (Haab). 


the  shadow  of  the  foreign  substance  on  the  radiograph  in  its  relation  to 
the  shadow  of  one  or  more  known  points  in  relation  to  the  eyeball.  These 
fixed  points  from  which  the  measurements  are  made  may  be  situated  on 
the  eyelid  or  cheek,  or  suspended  in  front  of  the  eyeball."  Space  does  not 
permit  a  description  of  the  technic  of  localizing  bodies  in  this  manner,  and 
the  reader  is  referred  to  the  original  papers  of  those  whose  methods  have 
been  commended. 

With  the  Sweet  apparatus,  especially  in  the  skilful  hands  of  its  designer, 
as  well  as  those  of  Howard  Pancoast,  of  the  University  Hospital,  in  my 
experience  failure  to  detect  the  foreign  body  has  practically  never  oc- 
curred, even  if  it  was  very  small.  Not  only  is  the  body  detected,  but 
its  exact  position  is  localized,  so  that  the  operative  procedures  which 
presently  will  be  described  are  undertaken  with  the  greatest  facility. 

In  former  times,  before  the  introduction  of  giant  magnets,  ordinary 
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hand  magnets  of  moderate  drawing  power,  notably  the  Hirschberg  mag- 
net, were  employed.  The  extension-point  of  the  instrument  was  in- 
troduced if  the  body  was  in  the  vitreous  chamber,  or  in  the  posterior 
portion  of  the  eye,  either  through  the  original  wound  of  entrance,  or 
one  made  at  the  position  where  the  body  was  assumed  to  be  lodged. 
Often  a  successful  and  brilliant  operation,  it  had  the  disadvantage  of 
requiring  the  introduction  within  the  vitreous  chamber  of  an  instru- 
ment and  the  disturbance  of  the  delicate  structures  within.  These 
small  magnets,  however, — still  commended  by  some  surgeons,  notably 
by  Simeon  Snell, — are  of  great  value  in  removing  bodies  which  remain 
within  the  anterior  chamber,  or  which  have  been  drawn  there  by  more 
powerful  magnets,  the  small  extension-point  being  readily  introduced 
through  a  small  opening  made  in  the  anterior  chamber  with  a  keratome. 


Fio.  469. — Showing  the  Use  of  the  Large  Magnet  in  Extractinq  an  Iron  Spicule  from  the 

Ete  (Haab). 


If  the  body  is  lodged  in  the  chamber  or  entangled  in  the  iris,  this  pro- 
cedure is  satisfactory. 

A  great  advance  in  the  removal  of  magnetic  bodies  followed  the  intro- 
duction of  the  giant  magnet  by  Haab  (Haab's  operation).  This  operation 
may  be  readily  understood  by  a  reference  to  the  accompanying  illustrations 
(Figs.  468,  469)  and  by  following  the  directions  of  Haab,  as  follows: 
**  After  the  usual  antiseptic  precautions  and  thorough  cocain  anesthesia, 
the  center  of  the  cornea  is  placed  exactly  opposite  the  pole  of  the 
magnet.  If  the  presence  of  a  large  splinter  is  suspected,  the  pole 
of  the  magnet  should  first  be  allowed  to  act  at  some  distance  from 
the  eye,  the  patient  being  told  to  look  in  the  direction  of  the  pole 
of  the  magnet.  Occasionally  first  closure  of  the  current  may  draw 
the  foreign  body  behind  the  iris;  if  not,  the  current  must  be  repeat- 
edly opened  and  closed.     If  under  these  conditions  there  is  still  no 
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bulging  of  the  iris,  more  lateral  portions  of  the  cornea  are  successively 
brought  opposite  the  pole,  care  being  taken  to  avoid  the  region  of  the 
ciliary  body.  Should  the  body  be  drawn  in  such  a  manner  that  its  pres- 
ence is  indicated  by  the  bulging  of  the  iris,  the  current  must  be  carefully 
regulated  until  the  splinter  passes  through  the  pupil  into  the  anterior 
chamber,  from  which  it  can  readily  be  removed  through  a  suitable  corneal 
incision,  either  by  introducing  the  extension-point  of  a  small  magnet,  or 
by  finishing  the  operation  with  a  suitable  extension-point  attached  to  the 
giant  magnet/' 

Exact  localization  with  the  Rontgen  rays  is  not  necessary  if  a 
giant  magnet  is  used,  as  the  body  is  usually  drawn  by  the  force  of  the 
magnet  from  whatever  position  it  originally  occupied  into  one  from  which 
it  may  be  readily  removed,  but  in  my  judgment  it  is  far  preferable 
to  localize  exactly  by  means  of  the  Rontgen  rays  the  position  of  the 
body,  and  then  to  make  directly  over  it  an  incision  through  which  it 
may  be  drawn,  if  preferred  by  a  Haab  magnet,  or  by  one  less  bulky, — for 
example,  the  Sweet  or  Parker  model, — ^without  the  introduction  of  the 
extension  point  into  the  vitreous,  which  simply  touches  the  lips  of  the 
opened  sclera.  The  results  are  just  as  good  as  when  the  attraction  of 
a  giant  magnet  conducts  the  body  from  its  place  in  the  posterior  part 
of  the  eye,  around  the  lens  into  the  anterior  chamber,  from  which  it  is 
subsequently  removed.  Indeed,  this  direct  extraction  after  suitable  local- 
ization yields  better  results,  because  it  avoids  the  traumatism  which  is 
produced  by  the  body  when  it  takes  a  long  route  into  the  anterior 
chamber.  To  be  sure,  each  case  is  a  separate  problem,  and  must  be 
managed  according  to  the  conditions  which  surround  it. 

In  my  experience  with  magnet  operations,  I  have  been  enabled 
to  save  (this  word  being  used  to  indicate  that  neither  enucleation  nor 
evisceration  was  required)  70  per  cent,  of  the  eyes  which  came  under  my 
care,  while  in  30  per  cent,  the  original  wound  or  subsequent  inflammation 
made  enucleation  necessary.  Of  the  70  per  cent,  of  saved  eyes,  38.4  per 
cent,  secured  good  vision.  Much  depends  upon  how  soon  after  the  ac- 
cident the  eye  is  seen  and  how  little  laceration  of  the  tissues  is  caused  by 
the  necessary  manipulations.  If  infection  is  already  present,  it  can  some- 
times be  checked,  as  Haab  recommends,  by  the  introduction  into  the 
wound  after  the  body  has  been  removed  of  sterilized  iodoform  rods,  or  by 
an  actual  cauterization  of  the  tract  of  the  wound  with  a  galvanocautery,  as 
Van  Millingen  recommends.  If  in  spite  of  this,  iridocyclitis  persists,  the 
eye  should  be  enucleated  to  avoid  sympathetic  inflammation.  If  the 
foreign  body  cannot  be  dislodged  by  any  suitable  operative  procedure^ 
enucleation  is  usually  required. 


OPERATIONS  ON  THE  OCULAR  HUSCLES. 

Operations  on  the  ocular  muscles  are  performed  for  the  purpose  of 

correcting  derangements  of  the  movements  of  the  eye  of  such  a  nature 

that  one  eye  deviates  or  tends  to  deviate  from  the  point  of  fixation,  that 

is,  from  the  object  which  it  is  regarding.    If  the  deviation  of  the  eye  is 
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one  which  the  patient  cannot  overcome,  it  is  a  manifest  deviation  or 
strahismuSy  or  heterotropia.  If  there  is  only  a  tendency  of  the  visual  line 
to  deviate  from  the  point  of  fixation,  it  is  a  latent  deviation  or  strahisinua, 
or  hetero'phoria.  The  deviation  of  a  manifest  strabismus  may  be  inv/ard 
(convergent  strabismus),  outward  (divergent  strabismus),  upward  (sur- 
sumvergent  strabismus),  downward  (deorsumvergent  strabismus),  and 
this  strabismus  may  be  concomitant^  under  which  circumstances  it  is 
characterized  by  the  power  of  the  squinting  eye  to  follow  the  movements 
of  the  other  eye  in  all  directions,  the  angle  of  the  squint  always  remaining 
the  same,  or  jmralytic  strabismus,  which  if  complete  is  characterized  by 
the  failure  of  the  affected  eye  to  move  in  the  line  of  direction  of  the  action 
of  the  affected  muscle,  and  is  accompanied  by  diplopia. 

(a)  Concomitant  convergent  strabismus,  or  esotropia,  which 
usually  begins  about  the  third  year  of  life,  and  which  in  general  terms  de- 
pends upon  a  disturbance  of  the  relation  between  accommodation  and  con- 
vergence caused  by  errors  of  refraction,  together  with  an  inequality  in  the 
vision  of  the  two  eyes  and  a  disturbance  of  innervation  and  defective 
development  of  the  fusion  faculty,  must  always  be  first  treated  by  an 
accurate  neutralization  of  the  refractive  error  after  thorough  mydriasis 
with  atropin.  Glasses  should  be  adjusted  as  soon  as  possible  after 
the  squint  is  detected,  and  if  there  is  amblyopia  of  one  eye,  its  vision 
should  be  trained  by  excluding  the  sound  eye  with  a  shade  or  ban- 
dage, or  by  keeping  it  under  the  influence  of  atropin  for  long  periods  of 
time.  The  fusion  faculty  should  be  trained  by  suitable  stereoscopic  ex- 
ercises, and  of  the  various  instruments  at  present  available  the  best 
results  are  accomplished  with  the  Worth  amblyoscope  or  one  of  its 
modifications.  If  these  methods  fail  to  bring  about  parallelism  of  the 
visual  axes,  even  though  the  fusion  power  has  been  developed  by  the 
exercises  named,  operative  treatment  is  desirable,  but  is  not  wise  before 
the  eighth  year  of  life,  and  not  until  the  glasses  and  exercises  have  been 
tried  for  at  least  six  or  seven  months. 

The  simplest  of  these  operations  is  tenotomy  of  the  internal  rectus, 
which  requires  the  following  instruments:  A  stop  speculum,  two  strabis- 
mus hooks,  fixation  forceps,  and  a  pair  of  probe-pointed  scissors.  In 
young  children  general  anesthesia  may  be  necessary;  in  others  cocain- 
adrenalin  anesthesia  is  quite  suflficient.  The  stop  speculum  is  introduced, 
the  surgeon  seizes  with  fixation  forceps  a  fold  of  conjunctival  and  sub- 
conjunctival tissue  parallel  with  the  corneal  margin  over  the  insertion  of 
the  tendon  (see  page  851),  and  divides  the  tissue  raised  by  the  forceps  in  a 
horizontal  direction  down  to  the  sclera,  and  also  opens  the  capsule  of 
Tenon.  Next,  the  point  of  a  strabismus  hook  is.  passed  behind  the  in- 
sertion of  the  tendon,  which  should  be  carefully  lifted  from  its  position 
upon  the  sclera  and  put  slightly  upon  the  stretch,  and  while  in  this  posi- 
tion cut  from  its  attachment  close  to  the  sclera  by  means  of  the  blunt- 
pointed  scissors.  The  hook  is  now  passed,  with  its  point  turned  above 
and  below,  and  any  tendinous  fibers  which  may  have  escaped  are  divided 
(Fig.  470).  If  the  division  haa  been  a  correct  one,  the  hook  will  pass 
readily  to  the  corneal  margin.    The  conjunctival  wound  is  closed  by  a 
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single  vertical  suture,  unless  it  is  desired  to  diminish  the  effect  of  the  opera- 
tion, when  the  suture  is  passed  in  a  horizontal  direction.  The  conjunc- 
tival cul-de-sac  should  be  thoroughly  flooded  with  tepid  boric  acid  solu- 
tion, and  both  eyes  lightly  bandaged  for  two  days,  or,  if  the  patient 
remains  in  the  house  and  under  observation,  no  bandage  is  applied, 
but  the  correcting  glasses  are  worn  immediately  after  the  tenotomy, 
and  the  eyes,  if  necessary,  shaded  with  dark  glasses.  This  is  the  open 
method  of  operating,  sometimes  called  Graefe's  method.  In  place  of  it, 
Snellen's  modification  is  very  satisfactory.  In  this  a  small  incision  about 
4  mm.  in  width  is  made  through  the  conjunctiva  over  the  insertion  of  the 
tendon,  the  center  of  which  is  then  incised  vertically.    Through  the  open- 
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Fio.  470. — ExposuRt:  of  the  Internal  Rectus  Tendon,  which  is  Lifted  upon  a  Hook  (after 

Haab). 

This  drawing  also  illustrates  Prince's  method  of  advancement  (pacre  899).     The  suture  in  the 

sclera*  to  which  the  tendon  is  afterward  fastened,  is  seen  lying  along  the  corneal  margin. 

ing  the  point  of  a  strabismus  hook  is  inserted,  and  the  upper  and  lower 
half  of  the  tendon  respectively  divided. 

In  place  of  these  methods,  the  tendon  may  be  reached,  as  was  advised 
by  Critchett,  through  a  subconjunctival  incision.  With  a  fine-toothed 
forceps  a  fold  of  conjunctiva  and  subjacent  fascia  on  a  level  with  the 
lower  border  of  the  tendon  is  seized,  and  an  opening  made  just  large 
enough  to  admit  a  strabismus  hook,  which  is  insinuated  behind  the  tendon, 
the  wound  at  the  same  time  being  held  open  with  the  forceps.  After  its 
insertion,  the  hook  is  pressed  firmly  against  the  sclerotic  and  pushed 
between  this  and  the  tendon  as  far  as  the  elbow  of  the  instrument  will 
permit.  It  is  next  drawn  forward  and  outward  toward  the  cornea  and 
will  be  stopped  by  the  insertion  of  the  tendon.  The  scissors,  with  blades 
slightly  parted,  are  next  introduced  into  the  wound  between  the  hook 
VOL.  IV — 57 
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and  the  eye  and  the  tendon  divided  close  to  its  sclerotic  attachment. 
Subsequently  the  hook  is  passed  through  the  opening  several  times  in 
order  to  catch  any  strands  which  may  have  escaped. 

Complete  tenotomy  of  the  internus  usually  corrects  a  deviation  of  15 
to  20  degrees  angular  measurement.  It  is  not  desirable  to  neutralize  the 
deviation  completely,  lest  divergence  occur  in  later  life.  In  some  forms  of 
strabismus  each  internus  may  be  divided,  especially  if  the  strabismus  is 
alternating,  with  good  vision  in  each  eye,  but  great  care  is  necessary  before 
performing  these  bilateral  operations  to  avoid  subsequent  divergence. 
Generally,  if  the  squint  is  unilateral  and  exceeds  30  degrees,  and  the 
deviating  eye  is  amblyopic,  it  is  necessary  to  combine  tenotomy  with 
advancement  of  the  antagonistic  muscle,  or,  as  is  especially  advocated 
by  Landolt,  to  dispense  altogether  with  tenotomies  of  the  internus  be- 
cause of  the  bad 
effect  which  they 
afterward  have 
upon  converging 
power,  and  gain 
the  desired  result 
by  a  bilateral 
advancement  of 
the  externi. 

Advance- 
ment of  a  Rec- 
tus Tendon. — 
In  convergent 
strabismus  of 
such  character 
that  advance- 
ment is  required 
of  the  external 
rectus  musclC; 
the  operation 
may  be  per- 
formed as  fol- 
in  tenotomy,  to 
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Fio.  471. — Landolt'b  Method  of  Advancement. 

lows,  and  with  the  same  instruments  that  are 
which  are  added  suitable  curved  needles,  a  needle-holder,  silk  thread, 
and  advancement  forceps:  An  opening  is  made  in  the  conjunctiva 
immediately  over  the  insertion  of  the  tendon  which  is  to  be  advanced, 
twice  the  breadth  of  the  tendon,  and  the  band  of  conjunctiva  be- 
tween this  opening  and  the  cornea  separated  from  the  sclerotic.  A 
strabismus  hook  is  next  inserted  beneath  the  tendon,  which  is  freely 
separated  from  the  sclera,  and  the  hook  brought  well  up  to  the  in- 
sertion of  the  tendon,  great  care  being  taken  that  the  whole  width 
of  this  structure  is  held  on  the  hook.  A  cur\'ed  needle  carrying  a 
strong  silk  suture  is  introduced  from  the  upper  margin  of  the  tendon, 
between  it  and  the  sclerotic,  and  passed  through  the  tendon  at  its  middle 
line.     In  similar  manner  another  suture  is  passed  behind  the  tendon  from 
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its  lower  margin  and  through  it  close  to  the  first  suture.  At  this  stage 
some  surgeons  knot  the  sutures  firmly  on  the  tendon,  a  long  end  being 
left  to  each,  although  this  knotting  is  not  a  necessary  procedure  and 
somewhat  complicates  the  subsequent  removal  of  the  suture.  For  the 
strabismus  hook  a  Prince's  advancement  forceps  is  now  substituted, 
which  grasps  the  tendon  firmly.  The  needle  on  the  end  of  each  suture 
is  next  passed  through  the  episcleral  tissue  and  beneath  the  conjunctival 
flap  to  the  margin  of  the  cornea,  and,  while  an  assistant  rotates  the  eye- 
ball toward  the  muscle  which  is  to  be  advanced,  each  suture  is  tied  with 
its  own  end.  Redundant  tissue  may  be  trimmed  away  and  the  con- 
junctiva sewed  with  thi-ee  interrupted  sutures  over  the  advanced  tendon. 

The  subsequent  treatment  requires  a  light  compress  bandage  over 
both  eyes,  which  should  be  in  place  for  at  least  seven  days,  at  the  expira- 
tion of  which  time  the  bandage  is  dispensed  with,  the  sutures  removed, 
and  the  patient  required  to  wear  his  correcting  glass. 

Space  does  not  permit  any  attempt  at  a  description  of  the  numerous 
modifications  of  advancement  which  have  been  designed  by  various  sur- 
geons. Among  these  the  most  useful  are  Landolt's  method,  the  technic 
of  which  can  be  understood  from  the  accompanying  illustration  (Fig.  471); 
Prince's  method  of  advancement,  which  depends  upon  forming  an  un- 
yielding fixation  point  by  utilizing  the  dense  episcleral  tissue,  severing 
the  muscle,  and  regulating  the  effect  by  a  pulley  suture;  Schweigger's 
method  of  free  exposure  of  the  muscle,  and  after  the  tendon  is  divided 
resection  of  a  portion  of  its  end;  Bruns'  method,  by  means  of  which  a  tuck 
in  the  tendon  is  formed,  which  is  firmly  flattened  down,  drawn  strongly 
forward,  and  held  in  place  by  a  combination  of  pulley  and  guy  suture; 
Todd's  method,  by  which  a  considerable  portion  of  the  tendon  is  exposed 
by  means  of  a  flap  incision  through  the  conjunctiva  and  capsule,  and  the 
formation,  with  the  aid  of  an  instrument  known  as  a  tendon-folder,  of 
an  actual  fold,  the  duplicature  being  fixed  with  catgut  sutures  enforced 
with  silk  sutures  which  include  the  conjunctival  flap;  and  Worth's  method 
of  advancement,  by  means  of  which  the  portion  of  the  suture  with  which 
the  tendon  is  concerned  is  secured  by  including  the  adjoining  Tenon's  cap- 
sule with  the  tendon. 

In  place  of  advancement  of  the  tendon,  there  have  been  several  opera- 
tions designed,  which  in  general  terms  may  be  described  as  shortening 
of  the  tendon,  or,  instead  of  advancing  the  tendon  itself,  an  advance- 
ment of  the  capsule  of  Tenon  has  been  practised,  especially  by  De  Wecker 
and  Knapp.  The  last  named  operation,  however,  is  rather  temporary 
in  its  results.  It  is,  however,  suited  to  relieve  small  defects,  especially 
various  types  of  heterophoria. 

Some  idea  of  the  numerous  operations  which  have  from  time  to  time 
been  devised  may  be  gained  from  the  statement  of  Haab,  who  after  de- 
scribing fourteen  of  these  operations  says  he  has  by  no  means  exhausted 
the  subject. 

(b)  Divergent  Concomitant  Strabismus,  or  Exotropia.— In  this 
affection  there  is  a  divergence  of  one  eye  from  the  point  of  fixation,  and 
if  after  correction  of  the  refractive  error  and  exercises  suited  to  train- 
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ing  convergence,  the  deviation  continues,  it  may  be  corrected  either 
by  a  bilateral  tenotomy  of  the  extemi,  performed  in  precisely  the  same 
manner  as  when  the  interaus  is  divided,  or,  more  frequently  and  always 
more  successfully,  by  an  advancement  of  one  or  both  intemi,  according 
to  the  methods  already  described  in  connection  with  the  extemus.  These 
same  operations  are  suited  to  the  superior  and  inferior  recti  muscles,  if 
the  occasion  for  their  division  or  advancement  should  arise. 

(c)  Paralytic  Strabismus.— Occasionally,  in  long-standing  paralytic 
strabismus,  when  this  has  not  yielded  to  remedial  agents  directed  to 
the  removal  of  the  cause  of  the  strabismus,  or  to  orthoptic  training, 
operation  is  justifiable,  and  the  methods  already  described  may  be  put 
into  practice,  and  generally,  provided  it  is  a  rectus  muscle  that  is  defec- 
tive, the  operation  of  advancement. 

(d)  Latent  strabismus,  or  heterophoria,  in  which  there  is  only 
a  tendency  of  the  visual  axes  to  deviate  from  parallelism,  is  sometimes 
treated  by  means  of  operation.  Should  there  be  an  excessive  action  of 
one  muscle, — for  example,  a  convergence-excess  producing  esophoria,  or 
a  tendency  to  inward  deviation, — tenotomy  of  an  intemus  may  be  per- 
formed; or  a  divergence-excess  producing  exophoria,  a  tenotomy  of  the 
extemus.  Exophoria,  due  to  convergence-insufficiency,  indicates  ad- 
vancement of  the  intemus,  and  esophoria,  dependent  upon  divergence- 
insufficiency,  advancement  of  the  externus. 

In  like  manner  tenotomies  of  the  superior  recti  are  performed  when 
there  are  tendencies  to  vertical  deviations. 

In  place  of  complete  tenotomies,  partial  tenotomies  have  been  especially 
advocated  by  Stevens  and  those  who  follow  his  teachings.  In  these  a  suf- 
ficient number  of  the  fibers  of  the  tendon  upon  which  the  operation  is  per- 
formed are  divided  to  produce  orthophoria,  or  parallelism  of  the  visual  axes, 
careful  measurements  with  prisms,  or  with  a  Maddox  rod,  or  similar  instru- 
ment being  made  during  the  operation,  which  is  exactly  graduated  to  meet 
the  required  results.  For  the  details  of  performing  such  operations  and  for 
the  indications  which  they  meet  the  reader  must  consult  books  especially 
devoted  to  ophthalmology.  I  am  strongly  of  the  opinion  that  opera- 
tions for  the  relief  of  heterophoria  should  not  be  performed  until  all 
measures,  especially  those  which  include  the  various  forms  of  gymnastic 
exercises  with  prisms  and  suitable  correction  of  the  refractive  error,  have 
been  carefully  and  prolongedly  tried,  and  that  so-called  ''graduated 
tenotomies"  are  usually  unsatisfactory  procedures. 


ENUCLEATION  OF  THE  EYEBALL  AND  ITS  INDICATIONS. 

The  indications  for  removal  of  the  eyeball  are  the  following: 

1.  Malignant  growths  situated  in  the  retina  (glioma),  the  choroid 
and  ciliary  body  (sarcoma),  the  surface  of  the  eyeball  (epibulbar).  Ex- 
ceptionally epibulbar  growths  can  be  removed  without  sacrificing  the 
entire  globe. 

2.  Certain  types  of  orbital  growth,  so  situated  that  they  cannot  be 
reached  by  any  other  method. 
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3.  Staphyloma  and  buphthalmos,  if  these  are  unsightly,  or  painful, 
owing  to  recurring  inflammation. 

4.  Eyes  blind  from  iridochoroiditis,  glaucoma,  phthisis  bulbi,  es- 
pecially when  associated  with  pain,  inflammation,  etc. 

5.  Extensively  injured  eyes,  especially  if  already  infected,  or  eyes 
which  contain  foreign  bodies  which  all  reasonable  attempts  have  failed 
to  remove. 

6.  Eyes  which  cause  so-called  sympathetic  irritation,  for  example, 
chronic  iridochoroiditis,  old  injuries,  staphylomas,  etc. 

7.  Traumatic  iridocyclitis,  in  order  to  prevent  sympathetic  ophthal- 
mitis, or  to  hasten  its  cure  if  it  has  already  begun,  provided  the  exciting 
eye  itself  is  blind. 

8.  General  infection  of  the  eyeball,  or  panophthalmitis..  (For ex- 
ceptions, see  page  903.) 

9.  Eyes  blind  from  any  cause,  provided  they  are  of  themselves  very 
painful,  even  though  they  are  not  producing  sympathetic  irritation. 

Operation  of  Enucleation.— The  following  instruments  are  neces- 
sary: A  stop  speculum,  fixation  forceps,  dissecting  forceps,  strabismus 
hook,  and  a  pair  of  scissors  curved  on  the  flat.  The  patient  being 
fully  anesthetized  (enucleation  is  perfectly  feasible,  although  not  always 
entirely  painless,  with  local  anesthesia),  the  lids  are  separated  in  the  usual 
manner  with  a  stop  speculum,  and  the  surgeon  divides  the  conjunctiva 
and  adjacent  fascia  in  a  circle  as  close  as  possible  to  the  margin  of  the 
cornea,  and  separates  it  as  far  as  the  insertion  of  each  rectus  tendon.  Be- 
ginning with  the  superior  rectus,  each  tendon  is  raised  upon  a  strabismus 
hook  and  divided  close  to  the  sclera.  Next,  the  eye  is  made  to  start  for- 
ward by  inserting  the  stop  speculum  somewhat  more  deeply,  while  the 
surgeon  introduces  the  curved  scissors  between  the  severed  conjunctiva 
and  the  freed  eyeball,  follows  the  curve  of  the  latter  until  the  optic  nerve 
is  reached,  where  the  blades  are  expanded  and  the  nerve  seized  and  cut 
close  to  the  sclera.  The  attachments  of  the  oblique  muscles  and  the 
remaining  tissue  which  cling  to  the  eyeball  are  finally  severed.  By  this 
method  the  eyeball  is  removed  without  injury  to  the  capsule  of  Tenon 
and  the  underlying  tissues.     It  is  often  known  as  Bonet's  method  (Fig.  472) . 

A  very  rapid  enucleation  may  be  performed  according  to  the  Vienna 
method,  as  follows:  In  the  right  eye,  for  example,  the  tendon  of  the  in- 
ternal rectus,  together  with  the  overlying  conjunctiva,  is  seized  with 
forceps,  divided,  and  the  stump  retained  in  the  grasp  of  the  instrument. 
With  scissors  the  inferior  and  superior  rectus  are  next  severed,  together 
with  the  overlying  conjunctiva.  The  globe  is  drawn  forward,  rotated 
outward,  and  the  optic  nerve  divided.  The  operation  is  concluded  by 
cutting  the  external  rectus  and  the  two  oblique  muscles  close  to  the  globe. 
The  same  operation  may  be  begun  by  incising  the  conjunctiva  a  few 
millimeters  from  the  corneal  margin  and  pushing  it  backward,  and  then, 
in  succession,  dividing  the  muscles  in  the  manner  already  described. 

In  recent  years  the  technic  of  enucleation  has  been  greatly  improved, 
and  modified.  In  complete  enucleation,  in  general  terms,  these  modifica- 
tions reside  in  the  management  of  the  divided  tendons,  which  formerly 
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were  allowed  to  slip  backward  and  the  severed  conjunctiva  united  by 
interrupted  sutures  or  a  purse-string  suture,  or,  as  some  surgeons  preferred, 
and  some  unfortunately  teach  even  at  the  present  time,  allowed  to  remain 
unsutured.  If,  however,  each  rectus  tendon  is  fastened  to  the  margin  of 
the  conjunctiva,  and  at  the  completion  of  the  operation  is  secured  in  this 
position,  the  tendons  retain  a  firm  hold  upon  the  stump  and  increase  its 
movements,  which  are  transmitted  to  the  artificial  eye  which  rests  upon  it. 
After  removal  of  the  globe  by  any  of  these  methods  the  hemorrhage 
is  usually  slight  and  can  be  checked  by  pressure.  The  socket  should 
be  thoroughly  irrigated  with  a  1 :  8000  bichlorid  solution  and  dressed  in 
the  usual  manner  with  a  pad  of  gauze  held  in  place  by  a  figure-of-eight 
gauze  roller.    Usually  the  patient  should  remain  in  bed  for  forty-eight 


Fio.  472. — ^Enucleation  of  an  Eyeball  (after  Haab). 
The  globe  has  been  rotated  to  the  extreme  ri^ht  and  the  optic  nerve  is  being  divided  with  the 


hours.  The  sutures  should  be  removed  on  the  third  or  fourth  day,  and 
an  artificial  eye  adjusted  at  the  expiration  of  two  weeks. 

Very  occasionally  severe  hemorrhage  follows  an  enucleation,  generally 
as  the  result  of  some  anomalous  distribution  of  vessels.  It  practically 
always  can  be  controlled  by  packing.  It  is  difficult  to  seize  the  bleeding 
point  with  a  hemostat,  although  this  may  be  tried.  In  one  or  two  cases 
of  very  severe  and  recurring  bleeding,  filling  the  socket  with  melted 
paraffin  has  proved  efficient. 

Complications  following  the  operation  are  uncommon.  A  few  cases  of 
meningitis  after  enucleation  of  anon-suppurating  globe  have  been  reported, 
but  the  rarity  of  this  affection  is  attested  by  the  report  of  an  English 
committee  formed  to  investigate  this  matter.    Among  10,734  cases  col- 
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lected  from  various  sources,  not  a  single  instance  of  meningitis  was  re- 
corded. Indeed,  enucleation  during  panophthalmitis  may  be  performed 
almost  with  impunity.  Thus,  in  2873  cases  collected  from  various  sources, 
278  of  them  being  for  suppurative  diseases  of  the  globe,  there  was  only 
one  fatal  case  of  meningitis.  Three  others  are  reported,  but  the  records 
do  not  indicate  whether  the  deaths  occurred  after  an  enucleation  for 
panophthalmitis  or  for  some  other  cause. 

In  place  of  enucleation,  certain  substitutes  have  been  proposed. 
Three  may  be  mentioned: 

(a)  Evisceration  of  the  eyeball. 

(6)  Evisceration  of  the  eyeball  with  the  insertion  of  an  artificial  vitre- 
ous (Mules 's  operation). 

(c)  Enucleation  of  the  eyeball  followed  by  implantation  of  an  artificial 
globe  in  Tenon's  capsule  (Frost-Lang  operation). 

Evisceration  of  the  Eyeball.— This  operation  is  performed  as 
follows:  After  introduction  of  the  speculum,  the  conjunctiva  is  loosened 
around  the  cornea  and  the  anterior  chamber  transfixed  with  a  knife  on  a 
level  with  the  horizontal  meridian.  The  lower  portion  of  the  cornea  is 
separated  and  the  flap  seized  with  forceps,  while  the  remainder  of  the 
cornea  is  severed  at  the  corneoscleral  margin.  With  a  small  scoop  the 
contents  of  the  globe  are  evacuated  and  its  cavity  thoroughly  wiped  out 
with  sterilized  cotton-wool  until  all  bleeding  is  stopped.  Finally,  the 
edges  of  the  conjunctiva  are  united  by  means  of  a  suture  similar  to  the 
string  which  draws  shut  a  pouch,  or,  if  preferred,  by  interrupted  catgut 
sutures,  which  may  include  the  conjunctiva  alone,  or  with  it  the  sclera. 

As  may  have  been  inferred,  the  chief  indication  for  evisceration  is 
panophthalmitis,  because  it  is  believed  that  the  danger  of  meningitis 
is  lessened.  As  has  been  shown,  however,  in  a  previous  paragraph, 
this  complication  is  a  rare  one,  even  when  complete  enucleation  is  per- 
formed. I  believe  that  if  the  purulent  process  has  reached  a  great 
height  and  the  eyelids  and  conjunctiva  have  participated  in  the  swell- 
ing, particularly  if  the  purulent  infiltration  has  begun  posteriorly,  as  in 
certain  varieties  of  septic  iridochoroiditis,  evisceration  is  probably  a 
safer  operation  than  complete  enucleation,  but  otherwise  enucleation  is 
the  preferable  surgical  procedure.  The  operation  is  contraindicated  in 
sympathetic  ophthalmitis,  malignant  disease,  marked  phthisis  bulbi, 
ossified  choroid,  and  foreign  bodies  which  have  penetrated  the  orbit,  and, 
indeed,  has  no  advantage  over  ordinary  enucleation  except  under  the 
conditions  already  named.  There  is  apt  to  be  excessive  reaction,  the 
stump  may  attain  a  certain  amount  of  tenderness,  and  sloughing  of  the 
sclera  occasionally  occurs.  In  my  investigation  of  this  subject  in  an 
analysis  of  478  operations  reported  from  various  sources,  I  found  five 
cases  of  sympathetic  trouble  following  evisceration,  but  with  the  ex- 
ception of  two  cases,  which  themselves  are  open  to  doubt,  the  records 
do  not  prove  that  sympathetic  inflammation  was  caused  by  the  operation. 

Evisceration  of  the  Eyeball  with  the  Insertion  of  an  Artificial 
Vitreous  (Mules's  Operation).— The  operation  is  performed  as 
follows:    The  stop  speculum  having  been  introduced,  the  conjunctiva 
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is  dissected  from  its  scleral  attachments  in  all  directions  as  far  as  the  equa- 
tor of  the  eyeball,  without  disturbing  the  insertions  of  the  ocular 
muscles.  The  cornea  and  1  mm.  of  the  adjacent  scleral  margin  are  re- 
moved and  the  contents  of  the  globe  emptied  with  a  scoop,  great  care 
being  taken  to  obtain  a  perfectly  clean  scleral  cup.  After  hemorrhage 
has  been  controlled  a  glass  or  gold  sphere  of  such  size  that  it  may  be  in- 
serted within  the  scleral  cavity  without  difficulty  is  introduced,  and  the 
operation  concluded  by  stitching  the  sclera  vertically  and  the  conjunctiva 
horizontally,  in  such  a  manner  that  the  glass  or  gold  sphere  is  covered 
very  much  as  the  leather  covering  of  a  ball  includes  its  contents.  Both 
eyes  should  be  bandaged  and  the  patient  required  to  remain  in  bed  for  at 
least  four  or  five  days.  Occasionally  there  is  marked  reaction,  with 
chemosis  of  the  conjunctiva,  which  is  controlled  by  continuous  applica- 
tion of  cold  and  light  pressure  bandage.  The  operation  is  indicated  in 
ruptured  or  injured  eyeballs,  if  the  sclera  is  not  too  much  lacerated,  in 
staphyloma  of  the  cornea,  in  absolute  glaucoma,  in  buphthalmos,  and  in 
non-traumatic  iridocyclitis.  It  is  contraindicated  in  suppuration  of  the 
eyeball,  morbid  growths,  marked  phthisis  bulbi,  sympathetic  disease  and 
pathologic  conditions  of  the  eyeball  which  are  likely  to  produce  it,  in  very 
extensively  injured  eyeballs,  and  in  the  presence  of  dacryocystitis,  and  in 
aged  patients  in  whom  prolonged  convalescence  is  undesirable. 

Enucleation  of  the  Eyeball  Followed  by  the  Implantation  of 
an  Artificial  Globe  in  Tenon's  Capsule  (Frost»Lang  Opera- 
tion).— ^This  operation  is  performed  as  follows:  The  eyeball  is  enucleated 
in  the  manner  already  described,  and  after  all  bleeding  has  been  checked 
a  gold  or  glass  sphere,  from  8  to  10  mm.  in  diameter,  is  inserted  Avithin 
Tenon^s  capsule.  Over  this  the  capsule  and  conjunctiva  are  sutured, 
with  silk  sutures,  the  tendons  of  the  ocular  muscles  having  previously 
been  secured  in  the  manner  described  under  enucleation. 

Numerous  modifications  of  this  operation  have  been  devised,  which 
consist  chiefly  in  the  application  of  the  sutures  and  the  management  of 
the  severed  ocular  muscles.  So,  too,  in  place  of  a  glass  or  gold  sphere, 
good  results  are  attained  by  the  use  of  suitably  sized  paraffin  balls  which 
are  placed  within  the  capsule.  The  superior  rectus  muscle  is  next  su- 
tured to  the  inferior  by  a  mattress  suture  and  the  two  lateral  muscles 
treated  in  the  same  manner.  Tenon's  capsule  is  united  over  the  globe 
by  means  of  a  catgut  purse-string  suture  and  finally  the  conjunctiva  is 
closed  in  a  similar  manner. 

Introduction  of  an  Artificial  Eye.— After  simple  enucleation  an 
artificial  eye  may  be  inserted  at  the  end  of  the  second  or  third  week, 
occasionally  at  an  earlier  time,  and  after  any  of  the  other  substitutes  for 
this  operation  at  a  somewhat  later  period,  or  as  soon  as  the  stump  is 
perfectly  free  from  irritation.  The  ordinary  shell-shaped  prosthesis, 
or  artificial  eye,  has  been  greatly  improved  by  the  introduction  of  the  so- 
called  reformed  artificial  eye,  which  consists  of  a  double-walled  shell,  the 
smooth,  rounded  contour  of  which  prevents  the  accumulation  of  mucus 
beneath  it,  and  the  bruising  of  the  stump  which  is  occasioned  by  the  thin 
edges  of  the  old-fashioned  artificial  eye.    It  is  undoubtedly  true  that  a 
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successfully  performed  Mules 's  operation  furnishes  the  most  perfect  stump, 
and  the  rotations  of  the  artificial  eye  are  sometimes  almost  equal  to  those 
of  the  normal  eye.  It  is  also  true  that  a  successful  implantation  of  a  globe 
within  Tenon^s  capsule  yields  a  far  more  mobile  stump  than  one  after  an 
ordinary  enucleation,  but  with  the  modern  artificial  eye,  after  a  properly 
performed  enucleation  with  suture  of  the  tendons,  the  movements  are 
nearly  as  good  as  those  which  follow  either  Mules 's  operation  or  the  Frost- 
Lang  operation.  At  one  time  I  was  accustomed  to  perform  Mules's 
operation  in  all  suitable  cases.  I  have,  however,  largely  abandoned  it 
because  of  the  greater  reaction  which  follows  the  operation  and  the  fact 
that  the  ball  is  sometimes  extruded,  and  confine  my  operations  to  simple 
enucleation  with  suture  of  the  tendons,  or  implantation,  and  am  satisfied 
with  the  cosmetic  results. 
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Cellulitis  or  Abscess  of  the  Orbit.— This  affection,  when  it  is 
not  traumatic  in  origin,  may  be  caused  by  the  exanthemata,  meningitis^ 
erysipelas,  and  by  extension  of  in- 
flammation from  the  surrounding 
sinuses,  or  may  arise  as  the  result 
of  a  metastasis  in  the  course  of 
general  septicemia.  Its  promi- 
nent symptoms — severe  head- 
ache, exophthalmos,  edema  of 
the  lids  and  conjunctiva,  and  a 
point  of  fluctuation — usually  ren- 
der the  diagnosis  easy  (Fig.  473). 

Occasionally  the  pus  points  in 
the  conjunctival  sac  and  may  be 
evacuated  by  an  incision  through 
the  conjunctiva  between  the  ball 
and  the  side  of  the  orbit,  care 
being  taken  not  to  injure  the 
ocular  muscles  and  to  secure  good 
drainage  afterward.  In  deeper 
situations  the  purulent  focus  is 
best  reached  by  a  curved  inci- 
sion made  over  the  orbital  ridge  which  divides  the  periosteum,  which 
is  next  separated  with  an  ordinary  bone  elevator,  kept  well  between 
the  bone  and  the  periosteum,  thus  avoiding  the  levator,  the  tendon 
of  the  superior  oblique,  and  the  lachrymal  gland.  If  pus  does  not 
immediately  present,  the  depth  of  the  orbit  must  be  explored  with 
a  probe  until  the  pocket  of  pus  is  found,  and  evacuated  by  an  incision 
through  the  periosteum.  Drainage  may  be  secured  with  iodoform 
.gauze  or  an  ordinary  drainage-tube.  The  position  of  the  original  in- 
cision is  determined  by  the  probable  situation  of  the  pus,  that  is  to  say, 
whether  it  is  made  along  the  upper,  lower,  inner,  or  outer  orbital  margin. 


Fig.  473. — Cellulttib  op  Orbit  and  Great 
Edema  of  Lidr  (from  a  patient  in  the  Uni- 
versity Hospital). 
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If  the  source  of  the  pus  is  from  the  ethmoid,  the  orbital  plate  of  this 
bone  should  be  perforated,  carious  bone  and  necrotic  tissue  removed, 
and  a  drainage-tube  carried  from  the  orbit,  through  the  ethmoid,  into  the 
nose,  which  not  only  secures  an  adequate  drainage,  but  permits  the  sub- 
sequent washing  out  of  the  tract. 

Removal  of  Tumors  and  Cysts  from  the  Orbit.— Tumors  in 
the  anterior  portion  of  the  orbit  may  be  reached  by  an  incision  similar 
to  that  already  described  in  connection  with  deep-seated  purulent  pockets, 
and  the  growth  removed  by  an  ordinary  dissection.  Occasionally,  in 
favorable  situations,  such  growths  may  be  reached  by  a  dissection  through 
the  conjunctiva.  If  the  growth  is  an  angeioma  and  is  encapsulated,  it 
may  often  be  removed  in  similar  manner  by  a  slow  dissection,  without  much 
loss  of  blood.  If  non-encapsulated,  and  especially  if  it  protrudes  and  in- 
volves the  skin  of  the  lid  and  brow,  it  is  a  much  more  difficult  procedure. 
To  a  certain  extent  the  hemorrhage  can  be  controlled,  as  Knapp  suggests, 
by  pushing  a  horn  spatula  beneath  the  upper  lid,  between  the  eyeball  and 

the  orbit,  which 
may  be  manipu- 
lated to  act  as  a 
controller  of  hemor- 
rhage, while  the  dis- 
section proceeds 
from  the  skin  sur- 
face. Although  the 
main  body  of  the 
angeioma  may  thus 
be  removed,  it  is 
often  impossible, 
without  sacrifice  of 

Fio.  474. — Pdrulknt  Disease  op  Ethmoid  and  Fbontal  Sinus,       tOO  mUch  tlSSUe,  tO 
WITH  Fistulous  Opening  at  Inner  Angle  of  Orbit  (from  ..         j.     ai_ 

a  patient  in  the  University  Hospital).  extirpate  thOSe  por- 

tions of  it  which  in- 
volve the  skin  of  the  eyelid  and  eyebrow.  These,  however,  may  disappear 
later,  or  may  be  treated  by  electrolysis.  Recent  investigations  indicate 
that  they  may  be  successfully  treated  by  applications  of  liquid  air.  In 
rare  instances  encapsulated  sarcomata,  endotheliomata,  and  certain  non- 
malignant  growths,  especially  in  the  anterior  portion  of  the  orbit,  may 
be  reached  without  sacrificing  the  eyeball,  according  to  a  method  advo- 
cated by  Lagrange  and  Knapp,  namely:  first  severing,  if,  for  example,  it 
is  on  the  inner  side,  the  internal  and  perhaps  the  inferior  rectus,  which  are 
secured  with  threads,  next  separating  the  conjunctiva,  and  gradually 
dissecting  out  the  growth  through  the  opening  thus  made.  After  con- 
trolling the  hemorrhage  the  severed  recti  muscles  are  sewed  in  place 
exactly  as  in  the  operation  of  advancement.  Generally,  how^ever,  growths 
of  this  character  are  reached  more  easily  by  resection  of  the  orbital  wall 
in  the  manner  presently  to  be  described.  Orbital  cysts,  dermoids,  serous 
or  blood  cysts  are  treated  in  the  same  manner  as  growths,  the  dissection 
proceeding  either  through  an  incision  along  the  orbital  margin,  or,  if  con- 
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ditions  are  favorable,  through  the  conjunctiva,  great  care  being  taken 
to  remove  every  particle  of  the  cyst  wall,  often  a  difficult  procedure.  Oc- 
casionally a  serous  cyst  may  be  cured  by  simply  evacuating  its  contents 
and  creating,  as  BuUer  suggests,  a  reactive  inflammation  by  the  intro- 
duction of  a  crystal  of  iodin. 

Exostoses  and  osteomas  growing  from  the  wall  of  the  orbit,  or  push- 
ing their  way  into  it  from  the  ethmoid  or  frontal  sinus,  may  be  reached 
by  an  ordinary  dissection  through  an  incision  along  the  orbital  margin, 
with  the  usual  precautions  to  avoid  the  puUey  of  the  superior  oblique, 
the  tendon  of  the  levator,  and  the  lachrymal  gland.  When  the  body 
of  the  growth  is  fully  exposed,  it  may  be  chiseled  from  its  position  in  the 
ordinary  manner,  or  if  it  is  very  dense  and  resisting,  its  base  may  be  per- 
forated several  times  with  a  drill  suitably  attached  to  a  dental  engine. 
It  is  next  broken  from  its  position  with  a  stout  pair  of  forceps,  all  rough 
spicules  of  bone  care- 
fully smoothed  away, 
and  the  wound  closed. 

Resection  of  the 
Temporal  Wall  of 
the  Orbit  (Kr5nlein's 
Operation). — ^This  op- 
eration, recommended 
by  Wagner  and  prac- 
tised by  Kronlein  first 
in  1887,  has  been  a 
great  advance  in  the 
surgery  of  the  orbit 
because  of  the  free  ex- 
posure of  the  retro- 
bulbar space  which  it 
affords. 

Technic  of  the  Op- 
eration,— In  general 
terms    the    operation 

may  be  understood  from  an  examination  of  three  illustrations  taken  from 
Haab's  *' Operative  Ophthalmology' '  which  accompany  this  description, 
ako  modified  from  that  given  by  this  surgeon.  The  operation  begins  by 
dividing  the  soft  parts  with  a  curved  incision  (Figs.  475,  476,  477),  which 
should  be  about  7  cm.  in  length  in  adults  and  4  to  5  cm.  in  children, 
which  commences  above  the  supraorbital  margin  and  describes  a  gentle 
curve  along  the  outer  edge  of  the  orbit  to  the  upper  edge  of  the  zygoma, 
where  it  is  bent  backward  and  ends  at  the  center  of  this  structure. 
The  center  of  this  curved  incision  should  bisect  a  horizontal  line  which 
connects  the  outer  canthus  with  the  outer  orbital  margin,  and  here  should 
be  sufficiently  deep  to  expose  the  opening  of  the  orbit,  while  above  and 
below  only  the  skin  and  fascia  and  muscular  layer  are  at  first  divided. 
Next,  at  a  position  corresponding  to  the  central  portion  of  this  incision,  a 
strong  elevator  is  introduced  with  which  the  periosteum  is  separated 


Fio.  476. — Skin  Incibion  (Curved  Line)  and  Bone  Incisions 
(Heavy  Lines)  in  KrOnlein's  Operation  (Haab). 
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from  the  external  orbital  wall.  The  inferior  orbital  fissure  is  now  local- 
ized, and  beginning  at  the  anterior  end  of  this  fissure  the  bony  wall  of  the 
orbit  is  cut  through  with  a  chisel  or  with  an  electric  saw  up  and  out  to  a 
point  a  little  above  the  external  angular  process  of  the  frontal  bone,  the 
line  of  incision  being,  for  all  practical  purposes,  along  the  suture  between 
the  great  wing  of  the  sphenoid  and  the  malar  bone,  and  outward  and 
forward  over  the  external  surface  of  the  malar  bone  in  a  line  above  the 
insertion  of  the  zygomatic  arch.  Thus  a  wedge-shaped  piece  of  bone  is 
formed,  and  with  its  muscular  and  cutaneous  attachments  is  forced 
backward,  giving  free  access  to  the  orbit,  which  will  be  still  partly  covered 

with  the  periosteum. 
The  latter  must  now 
be  split  from  before 
backward  and  separ- 
ated with  retractors. 
This  brings  into  view 
the  external  rectus 
muscle,  and  if  neces- 
sary this  may  be  di- 
vided near  its  tendin- 
ous insertion  after  the 
introduction  of  su- 
tures, with  which  later 
the  divided  ends  are 
united,  or  sometimes 
the  muscle  may  be 
pushed  aside  and  the 
dissection  continued  to 
the  apex  of  the  orbit. 
With  suitable  retrac- 
tors the  orbital  fat  and 
ocular  globe  are  pushed 
aside.  After  the  ex- 
ploration is  complete, 
and  this  must  some- 
times be  carried  to  the 
nasal  side,  and  the 
growth  removed,  the 
osteoplastic  flap  is  replaced,  the  periosteum  stitched  with  fine  catgut 
sutures  and  the  soft  parts  with  silk.  The  question  of  drainage  must  be 
decided  by  the  conditions  remaining  after  operation.  The  usual  full 
antiseptic  dressing  is  applied,  great  care  being  taken  that  the  lids  cover 
the  cornea,  especially  if  the  latter  structure  is  anesthetic. 

Many  modifications  of  this  operation  have  been  devised,  which  are 
well  summarized  by  Haab  in  the  work  to  which  reference  has  been  made. 
Various  complications  have  occurred  after  this  operation;  for  example, 
outward  limitation  of  the  eye  owing  to  injury  to  the  abducens,  ptosis, 
sinking  of  the  eyeball,  and  infection. 


Fio.  476. — KRdNLEiN's  Operation  (aft«r  Haab). 
The  skin-muscle-bone  flap  has  been  reflected  forward  and 
shows  a  large  portion  of  the  periorbita.      The  latter  is  then  in- 
cised from    behind  forward,  producing   the   picture   shown   in 
the  next  illustration  (Fig.  477). 


OPERATIONS   ON  THE   ORBIT. 


909 


Indications. — Domela,  Haab;  and  other  writers  have  classified  the  in- 
dications for  Kronlein's  operation  as  follows:  Retrobulbar  cysts;  tumors  of 
the  optic  nerve  and  its  sheath;  neurofibroma  of  orbit  (Parker);  retrobul- 
bar vascular  growths,  for  example,  cavernous  angeioma,  lymphangeioma, 
aneurisms  and  varicose  dilatations  of  the  orbital  veins;  deep-seated  foreign 
bodies  in  the  orbit  and  exploration  of  the  orbit  in  doubtful  cases  in  order 
to  establish  a  diagnosis.  The  operation  has  also  been  performed  in  deep 
orbital  abscess,  to  open  the  sheath  of  the  optic  nerve  in  choked  disc,  and 
even  for  the  removal  of  subretinal  effusions.  The  last  two  indications 
are  of  doubtful  value;  certainly  in  choked  disc  a  far  better  operation  is  a 
decompression  -  tre- 
phining. 

Extirpation  of 
the  Whole  Con- 
tents of  the  Orbit. 
— ^This  operation  is 
designated  eviscerd- 
tion  or  exenteration 
of  the  orbit.  It  is 
performed  as  fol- 
lows: First,  the 
outer  angle  of  the 
Ud  should  be  divided 
with  straight  scis- 
sors for  at  least  a 
centimeter  beyond 
the  edge  of  the 
orbit;  next,  with 
-a  strong  scalpel, 
beginning  at  the 
outer  orbital  edge, 
an  incision  is  made 
through  the  soft 
parts  from  the  con- 
junctival sac  around 
the  entire  margin  of 
the  orbit,  so  directed 
that,  together  with 
the  soft  parts,  the 
periosteum  is  incised  through  the  entire  circumference  of  the  incision. 
With  an  elevator,  or  the  blade  of  a  strong  pair  of  scissors,  the  periosteum 
is  gradually  separated  from  the  entire  surface  of  the  orbital  cavity,  which 
thus  keeps  within  it  the  mass  of  tissue  that  is  to  be  removed  until  the  apex 
of  the  orbit  is  reached,  where  there  remains  only  the  cone-shaped  mass  held 
at  this  point  by  the  tissue  passing  through  the  optic  nerve  entrance,  which 
is  next  divided  with  a  strong  pair  of  curved  scissors.  A  good  deal  of  care 
must  be  taken  in  separating  the  periosteum  from  certain  thin  portions  of 
the  orbital  walls,  particularly  in  the  region  of  the  inner  orbital  wall,  lest 


Fio.  477. — KrOnlein's  Operation  (after  Haab). 
After  the  periorbita  has  been  divided,  the  deeper  tissues  are 
dissected  out  so  as  to  bring  the  posterior  portion  ot  the  globe  and 
the  optic  nerve  clearly  into  view.  The  large  wedge  of  Bone  that 
has  been  chiseled  out  is  also  distinctly  recognisable  from  its  orbital 
side  as  far  as  its  apex. 
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perforation  of  the  bone  follow.  Bleeding  is  sometimes  considerable  from 
the  tissues  along  the  orbital  iSssures  and  at  the  orbital  apex.  This  may 
be  controlled  by  packing  or  by  touching  the  bleeding  points  with  a 
Paquelin  cautery.  The  entire  cavity,  which  if  the  operation  is  successfully 
performed  presents  the  appearance  of  the  orbit  in  the  bony  skeleton,  is 
packed  with  gauze.  If  the  lids  are  unaffected,  the  cilia  and  ciliary  margins 
may  be  cut  away  and  the  lids  united  as  two  skin  flaps  would  be  over  the 
orbital  entrance,  with  the  exception  of  a  small  portion  at  the  outer  angle, 
through  which  the  end  of  the  gauze  packing  protrudes,  which  can  be 
removed  within  a  few  days,  and  replaced  with  a  small  drainage-tube 
until  healing  is  complete.  In  a  certain  number  of  instances,  however, 
the  lids  themselves  are  involved,  as,  for  example,  in  a  carcinomatous 
process,  and  must  be  sacrificed.  Under  these  circumstances,  as  has  been 
suggested  by  Langenbeck,  Kronlein,  and  other  surgeons,  the  gaping  front 
of  the  orbit  may  be  covered  by  a  skin  flap  obtained  from  the  forehead. 
Finally,  it  is  the  practice  of  some  surgeons,  and  I  have  followed  this  very 
successfully  in  a  certain  number  of  instances,  not  to  sacrifice  the  lids, 
if  they  are  uninvolved  in  the  disease  for  which  the  operation  is  performed, 
but  after  granulations  have  formed  over  the  entire  cavity,  to  cover  these 
gradually  with  Thiersch  grafts,  which  usually  grow  with  great  ease,  and 
ultimately  present  a  skin  surface  upon  which  it  may  be  possible  to  place 
a  large  prosthesis. 

Indications. — ^The  indications  for  this  operation  are  involvement  of 
the  orbital  tissues  in  a  sarcomatous  or  other  malignant  growth  which  has 
perforated  the  eyeball,  or  which  has  recurred  after  the  eyeball  has  been 
removed,  and  malignant  growths  which  have  involved  the  eye  and  the 
surrounding  orbital  tissues,  and  which  have  proceeded  from  the  tissues 
of  the  orbit  themselves,  the  periosteum,  or  the  lachrymal  gland,  and 
occasionally  the  surrounding  skin,  as,  for  example,  in  certain  tj^es  of 
rodent  ulcer  and  epithelioma. 

Operations  for  Prosthesis  in  Cases  of  Cicatricial  Orbit. — Con- 
traction of  the  conjunctival  sac  and  the  formation  of  cicatricial  bands, 
especially  after  lime-burns  and  trachoma,  may  render  the  introduction  of 
an  artificial  eye  impossible.  The  same  state  of  affairs  may  be  brought 
about  by  the  neglect  to  wear  a  suitable  eye.  Numerous  operations  have 
been  devised  to  enlarge  the  socket  under  these  circumstances,  mere  in- 
cisions of  the  contracting  bands  being  entirely  unsatisfactory.  If  there 
is  complete  closure,  or  practically  complete  closure,  of  the  orbital  cavity, 
the  most  satisfactory  results  are  reached  by  dissecting  loose  the  attach- 
ments of  the  lid  to  the  contracted  orbital  tissues  and  preventing  read- 
hesion  by  the  introduction  of  grafts  of  skin — either  a  Wolfe-Lefort  flap 
or  a  Thiersch  graft.  It  is  usually  best  to  restore  only  one  cul-de-sac  at  a 
time,  and  after  the  flaps  are  in  place  their  position  in  the  cul-de-sac  should 
be  maintained  by  the  insertion  of  a  plate,  which,  as  John  Weeks  suggests 
(and  he  has  elaborated  by  far  the  best  of  these  operations),  may  be  made 
of  flexible  rubber,  such  as  is  used  by  dentists.  If  the  cavity  of  the  orbit 
is  not  entirely  obliterated  it  is  sometimes  possible,  after  dividing  the  cica- 
tricial bands,  to  form  a  socket  in  which  later  an  artificial  eye  may  be 
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placed,  by  introducing  lead  plates,  which  are  bent  to  conform  to  the  size 
of  the  cavity,  and  from  time  to  time  increased  in  size.  The  plate  gradually 
creates  a  groove  in  the  dense  tissue,  into  which  afterward  the  margin  of  the 
artificial  eye  is  fitted. 
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Removal  of  the  Meibomian  and  Other  Cysts.— A  very  common 
affection  of  the  eyelids  is  due  to  a  chronic  inflammation  of  a  Meibomian 
gland  and  the  tissue  which  surrounds  it»  forming  the  so-called  chalazion, 
which  presents  as  a  somewhat  firm  swelling  attached  to  the  tarsus,  over 
which  the  skin  is  freely  movable,  and  which  is  evident  by  a  discolored 
patch  upon  the  conjunctival  surface.  The  easiest  method  of  its  removal 
is  to  evert  the  lid  so  that  the  discolored  patch  is  made  prominent,  incise 
with  a  sharp  scalpel,  and  thoroughly  remove  the  sac-contents  with  a  small 
curet  (Fig.  478).  A  few  drops  of  cocain  render  the  operation  practically 
painless.  Occasionally  these  growths  present  externally,  and  they  may 
be  removed  most  effectu- 
ally, after  securing  the  lid 
in  an  ordinary  lid  clamp, 
through  a  skin-incision, 
afterward  closing  the  small 
wound  with  interrupted 
sutures.  Small  cysts  in  the 
ciliary  margin  may  be 
cured  by  simple  incision 
and  curetting. 

Operations    for    the  ^^  y^  jf 

Reh'ef  of  Ptosis.— Ptosis,  ^  y  ^        /  >^ 

or  drooping  of  the  upper 
Ud,  is  either  congenital  or  ! 

acquired,      and       may      be  no.  478.— Incmion  of  Chalahon  (after  C«ermak). 

partial  or  complete.  Con- 
genital ptosis  is  due  to  defective  action  or  development  of  the  levator 
palpebrae;  acquired  ptosis,  to  paralysis  or  paresis  of  this  muscle  from 
disease  or  injury,  and  in  slight  degree  to  tumefaction  of  the  hds,  and 
chronic  conjunctival  diseases,  for  example,  trachoma.  In  the  effort  of 
raising  the  lid  the  occipitofrontalis  and  superior  rectus  act  as  accessory 
muscles.  If  the  levator  is  defective  or  functionally  inactive,  the  patient 
endeavors  to  raise  the  lid  with  the  aid  of  the  frontalis,  hence  the  character- 
istic wrinkling  of  the  brow,  which  is  a  marked  feature  in  ptosis  (Fig.  479). 
In  order  to  select  a  suitable  operation  for  the  relief  of  ptosis,  the 
amount  of  power  residing  in  the  levator,  or  whether  it  has  any  activity  at 
all,  must  be  ascertained.  The  surgeon,  standing  in  front  of  the  patient, 
firmly  depresses  the  eyebrow  with  his  thumb,  and  requires  the  subject 
to  open  his  eye.  Any  movement  of  the  lid  must  be  due  to  the  levator, 
as  the  pressure  on  the  brow  checks  frontalis  action;  entire  failure  of  lid 
elevation  indicates  absence  of  levator  power.    If,  the  frontalis  action 
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still  being  checked  and  the  levator  power  absent,  there  is  a  slight  eleva- 
tion of  the  lid  when  the  eye  is  rolled  upward,  it  is  due  to  the  action  of  the 
superior  rectus,  from  which  a  band  passes  to  the  levator  tendon. 

All  operations  for  ptosis,  and  many  have  been  devised,  may  be  gath- 
ered into  three  groups,  following  a  convenient  classification  recently 
elaborated  by  Grimsdale  and  Brewerton:  (1)  Those  which  shorten  the 
lid  or  levator;  (2)  those  which  utilize  the  action  of  the  frontalis  muscle; 
(3)    those  which  utilize  the  action  of  the  superior  rectus. 

To  the  first  group  belong  an  elliptic  excision  of  a  portion  of  the  skin 
of  the  lid — an  operation  no  longer  performed,  on  account  of  its  inefficiency; 
shortening  of  the  levator  tendon,  as  practised  by  Bowman;  folding  or 
doubling  of  the  exposed  levator  tendon  on  itself,  and  bringing  it  to  the 
anterior  surface  of  the  tarsus  by  means  of  loop  sutures,  as  devised  by 
Everbusch  and  De  Lapersonne;  advancement  of  the  levator  tendon, 
as  designed  by  Wolff  and  modified  and  improved  by  Elschnig;  and  ex- 
cision of  a  semilunar  piece  of  the  tarsal  cartilage,  uniting  the  edges  of  the 
wound  with  sutures,  as  advised  by  Gillet  de  Grandmont,  which  is  a  modi- 
fication of  an  op- 
eration long  ago 
suggested  by  Bow- 
man. 

To  the  second 
group  belong: 

I.  Certain 
subcutaneous 
thread  or  wire 
operations,  which 
act  by  establishing 
a  contracting  cica- 
trix or  supply  an 
artificial  tendon. 
Thus,  Pagenstecher's  operation  is  performed  by  passing  one  needle  of  a 
double-armed  suture  subcutaneously  for  2  mm.  parallel  to  the  ciliary  mar- 
gin. Next,  the  same  needle  is  re-entered  at  the  point  of  exit  and  passed  be- 
tween the  tarsus  and  brought  out  above  the  brow.  A  second  needle  is 
introduced  at  the  point  of  entrance  of  the  first,  and  passed  upward  be- 
neath the  skin  to  the  point  of  exit  of  the  first  one  above  the  brow. 
Finally  the  sutures  are  tied.  It  is  suited  only  to  cases  of  incomplete  ptosis 
of  congenital  origin.  This  operation  has  been  modified  and  elaborated 
by  the  late  Mr.  Mules,  who  embedded  a  fine  loop  of  gold  wire  in  the  tarsal 
cartilage,  the  two  ends  from  which  passed  out  through  the  frontalis,  and 
which  remained  and  acted  as  an  artificial  tendon.  This  operation  has  in 
turn  been  modified  by  Worth,  who  uses  kangaroo  tendon  for  his  suture, 
and  by  Harman,  who  employs  '*  wove  chain''  made  of  fine  wire  and  passes 
it  subcutaneously  from  the  lid  margin  to  a  point  above  the  brow. 

II.  Certain  operations  designed  to  form  a  union  between  the  skin 
of  the  lid  and  the  frontalis  muscle.  Among  these,  Panas'  operation  is 
well  known,  and  consists  essentially  in  forming  a  small  cutaneous  flap 


Fio.  479. — Ptosis  (from  a  patient  in  the  University  Hospital). 
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from  the  lid,  which  is  passed  through  an  incision  under  the  brow  and  is  at- 
tached to  the  fibers  of  the  occipitofrontalis  muscle,  which  have  been 
divided  by  an  incision  immediately  above  the  brow,  and  which  has  cut 
through  all  tissues  down  to  the  periosteum.    The  steps  of  the  operation 


Figs.  480  and  481. — Panab'  Operation  for  Ptosis. 

may  be  understood  by  a  reference  to  the  accompanying  illustrations  (Figs. 
480  and  481). 

Somewhat  similar  in  effect  is  an  operation  designed  by  Tansley,  which 
is  a  modification  of  one  devised  by  Hunt,  and  which  is  performed  as  fol- 
lows: "Two  perpendicular  and  parallel  cuts.  A,  B,  C,  D  (Fig.  482),  one- 


FiG.  482. — ^Tanslet-Hdnt  Operation  foe  Congenital  Ptosis  ("Trans.  Am.  Opth.  See.,"  1895). 

quarter  of  an  inch  apart,  are  made,  and  extend  from  the  upper  orbital 
margin  to  within  two  lines  of  the  upper  edge  of  the  lid.  These  cuts  are 
united  at  the  upper  extremity  by  a  horizontal  incision.  A,  C,  and  the 
ribbon  of  tissue  is  dissected  up  and  permitted  to  drop  down  upon  a  wad  of 
cotton  lying  on  the  cheek,  which  is  kept  moistened  with  a  warm  anti- 
voL.  IV — 58 
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septic  solution.  Next  a  curved  cut  is  made  from  H  to  G  and  from  E  to 
F,  following  the  crease  which  shows  the  upper  limit  of  the  tarsal  cartilage, 
and  a  straight  cut  is  made  from  H  to  B  and  from  D  to  F,  parallel  to  and 
about  two  lines  distant  from  the  lower  border  of  the  lid.  The  skin  and 
the  orbicularis  embraced  within  these  cuts  are  now  carefully  dissected 
off,  leaving  the  whole  tarsal  cartilage  denuded  of  tissue.  The  cut  edges 
H,  G,  and  E,  F,  are  united  to  the  cut  edges  H,  B,  and  D,  F,  respectively, 
by  interrupted  sutures.  Next  a  narrow  Graefe  knife  is  entered  at  A,  C,  and 
passed  beneath  and  brought  out  upon  the  forehead  just  above  the  eye- 
brow, and  slight  lateral  cuttings  are  made  so  as  to  give  room  for  the  pas- 
sage of  the  ribbon  of  skin  which  has  been  dissected  up  at  the  first  stage  of 
the  operation.  A  strong  suture  placed  in  the  upper  edge  of  this  ribbon  of 
skin  is  used  to  draw  it  up  into  the  cut  made  beneath  the  eyebrow  and 
bring  it  out  upon  the  forehead.  When  it  is  drawn  up  sufficiently  tight, 
it  is  cut  off  smooth  with  the  forehead  and  fastened  there  by  two  small 
sutures.  Then  several  sutures  are  placed  from  A  to  G  and  C  to  E,  unit- 
ing the  edges  of  the  ribbon  to  the  bordering  derma.''    The  operation  can 

be  readily  under- 
stood by  reference 
to  the  illustration. 

With  this  opera- 
tion I  have  had 
very  satisfactory 
results. 

In  place  of  the 
operations  just  des- 
cribed, the  proced- 
ure of  Hess  receives 
the    commendation 

Fia.  483. — ^Ptosis,  Showing  I^tchrb  in  Tansley-Hunt  Opera-       ^r    ^««„    „,, ^^«« 

TION  (from  a  patient  in  the  University  Hospital).  01     many    SUrgeonS. 

It  consists  essenti- 
ally in  making  an  incision  along  the  shaved  brow,  through  which  the  lid-skin 
is  dissected  from  the  orbicularis  muscle,  and  passing  sutures  from  without 
inward  through  the  upper  part  of  the  dissected  skin  of  the  lid,  and  carry- 
ing them  upward  underneath  the  skin  to  a  point  above  the  brow  incision, 
where  they  are  tied.  Cicatrization  of  the  wound  surface  fixes  the  ar- 
tificial fold  in  the  upper  lid,  and  the  union  with  the  lower  part  of  the 
frontalis  transfers  its  action  to  the  lid. 

After  any  of  these  operations  the  usual  dressings  should  be  applied 
and  the  sutures  removed  at  the  end  of  a  week.  The  anesthesia  may  be 
local  or  general. 

Other  operations  belonging  to  this  group  are  W.  H.  Wilder *s  pro- 
cedure, who  folds  upon  itself  the  tarso-orbital  fascia  and  establishes  a 
firm  adhesion  between  the  fascia  and  the  frontalis  muscle;  Fergus'  method 
of  attaching  a  strip  of  the  frontalis  to  the  lid;  and  Sourdille's  modus 
operandi,  by  which  the  levator  tendon  is  fastened  to  the  frontalis. 

III.  Those  operations  which  depend  for  their  effect  upon  a  utiliza- 
tion of  the  action  of  the  superior  rectus.    Among  them  the  one  most 
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frequently  employed  is  that  designed  by  Motais,  which  consists  essentially 
in  attaching  a  narrow  tongue  of  tissue,  formed  from  the  center  of  the 
tendon  of  the  superior  rectus  through  an  opening  in  the  conjunctival 
surface  of  the  everted  lid,  to  the  upper  border  of  the  tarsus,  where  it  is 
fastened  by  means  of  sutures  which  are  brought  out  through  the  tarsus 
and  the  hd-skin  and  tied  on  the  outer  side  of  the  lid.  While  this  operation 
has  certain  attractive  features,  it  may  be  followed  by  temporary  diplopia 
and  depression  of  the  eyeball.  If  the  sutures  are  tied  over  the  conjunctiva, 
the  knot  may  cause  local  irritation,  and  has  sometimes  produced  a  corneal 
ulceration.  If  the  tendon  of  the  superior  rectus  is  poorly  developed,  W. 
T.  Shoemaker  suggests  that  the  entire  tendon  of  the  rectus  muscle,  in 
place  of  a  single,  central  strip,  shall  be  fastened  to  the  tarsus  in  the  manner 
described. 

Operations  for  Trichiasis  and  Entropion.— Trichiasis,  charac- 
terized by  a  malposition  of  the  lashes,  so  that  they  are  turned  inward 
against  the  eyeball,  generally  depends  upon  blepharitis  and  trachoma. 
If  only  a  few  lashes  are  misplaced,  they  may  be  systematically  removed 
with  an  epilating  forceps,  or  destroyed  by  electrolysis. 

If  there  is  a  decided  trichiasis,  associated  with  entropion,  it  is  generally 
necessary  to  perform  some  one  of  the  various  transplantation  operations, 
and  at  one  time  the  Jaesche-Arlt  method  was  much  advocated,  in  which 
all  of  the  lashes  were  isolated  by  means  of  an  intramarginal  incision, 
while  from  the  surface  of  the  lid  a  semilunar  flap  of  skin  and  subcutaneous 
tissue  was  excised.  To  the  upper  margin  of  the  skin  wound  thus  re- 
maining the  bridge  of  tissue  containing  the  lashes  was  stitched.  Often 
disappointing  in  its  results,  this  operation  has  been  substituted  by  various 
types  of  double  transplantation  operationSf  in  w^hich,  in  general  terms,  a 
lid  border  is  manufactured  by  transplanting  to  the  intermarginal  space 
a  strip  of  skin,  or  of  mucous  membrance,  as  Van  Millingen  proposes. 

Hotz's  operation,  which  is  a  modification  of  that  devised  by  Anag- 
nostakis,  in  my  experience  is  so  valuable  that  I  prefer  it  to  all  others. 
As  it  is  practically  the  same  as  that  which  is  performed  for  entropion,  the 
reader  is  referred  to  this  description  (page  916). 

Entropion  may  be  either  spasmodic  or  organic.  If  spasmodic,  as  it 
is  often  seen  in  elderly  persons,  and  consists  of  an  incurling  of  the  margin 
of  the  lid  so  that  the  lashes  sweep  against  the  eyeball,  it  may  be  miti- 
gated by  excising  a  fold  of  skin,  together  with  the  subjacent  fibers  of 
the  orbicularis  muscle,  of  sufficient  width  to  evert  the  lid  into  its  proper 
place,  and  closing  the  wound  with  interrupted  sutures,  or  the  inverted 
lid  may  be  drawn  down  with  strips  of  gauze  fastened  with  collodion 
to  the  cheek. 

If  the  disease  is  organic,  and,  like  trichiasis,  has  followed  chronic  in- 
flammatory conditions  of  the  ciliary  margin  and  of  the  conjunctiva,  for 
example,  trachoma,  it  is  necessary  not  only  to  evert  the  misplaced  border, 
but  to  alter  the  curve  of  the  thickened  cartilage,  without  which  success 
will  not  be  obtained.  Space  does  not  permit  even  the  mention  of  the 
numerous  modifications  of  operations  of  this  character,  and  I  must 
be  contented  with  the  one  with  which  I  have  had  the  best  results. 
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namely,  the  Hotz-AnagnoBtakis  operation,  which  is  described  in  Hotz's 
own  words  and  illustrated  with  his  own  diagrams:  A  transverse  incision 
from  canthus  to  canthus  is  made  through  skin  and  subjacent  tissues,  but 
instead  of  being  made  near  and  parallel  with  the  free  border  (as  in  the 
former  methods),  the  incision  in  this  operation  is  to  follow  the  upper 
border  of  the  tarsus.  It  therefore  describes  a  slight  curve,  beginning  and 
ending  at  a  point  about  2  mm.  above  the  canthus,  but  being  6  to  8  mm. 
distant  from  the  free  border  in  the  center  of  the  lid.  While  an  assistant 
is  holding  the  edges  of  the  wound  well  separated,  the  surgeon  lifts  up  with 
forceps  and  excises  with  scissors  a  narrow  bundle  of  the  muscular  fibers 
which  run  transversely  along  the  upper  border  of  the  tarsus.  Now  the 
sutures,  which  are  to  include  nothing  but  the  cutaneous  wound  borders 
and  the  upper  border  of  the  tarsus,  are  inserted.  The  first  suture  is  placed 
in  the  center  of  the  lid;  the  curved  needle,  armed  with  fine  black  aseptic 
silk,  is  passed  through  the  lower  wound  border;  there  taken  again  in  the 


Fig.  484. — Hot«--\nagno8taki8  Operation. 

needle-holder,  it  is  boldly  thrust  through  the  upper  border  of  the  tarsus, 
and  returned  through  the  tarso-orbital  fascia  just  above  this  border;  and, 
finally,  it  is  carried  through  the  upper  wound  border  (Fig.  484,  a,  b). 
One  similar  suture  is  placed  at  each  side  of  the  central  one,  and  these  three 
stitches  are  usually  sufficient  for  the  purpose — to  wit,  to  draw  the  skin 
o/  the  eyelid  up  toward  the  upper  border  of  the  tarsus  and  establish  a 
firm  union  between  these  parts.  This  artificial  union  produces  a  slight 
tension  of  the  tarsal  skin,  which,  however,  is  sufficient  to  relieve  any 
ordinary  degree  of  entropion. 

But  where  the  lids  have  been  badly  contracted,  that  is,  the  palpebral 
aperture  has  become  unnaturally  narrow,  or  the  free  border  of  the  lid 
has  become  entirely  merged  into  the  plane  of  the  conjunctiva — these  com- 
plicated cases  require,  in  addition  to  the  above  operation,  such  surgical 
measures  as  canthotomy,  the  restoration  of  the  free  border  either  by 
grooving  the  tarsus  or  by  grafting. 
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FiQ.  485. — ^Latkeal  Tarsorrhapht. 


Tarsorrhaphy. — This  operation  is  designed  to  shorten  an  abnormally 
wide  palpebral  fissure  {lateral  or  angular  tarsorrhaphy),  or  to  close  tem- 
porarily the  lids  over  the  eyeball  (median  tarsorrhaphy). 

Angular  tarsorrhaphy  may  be  performed  as  follows:  A  horn  shield  is 
introduced  beneath  the  lids 
at  the  outer  commissure,  and 
a  flap  1  mm.  in  width  and 
4  to  5  mm.  in  length  is  re- 
moved, and  beyond  the 
inner  end  of  its  removal  the 
ciliary  margins  are  denuded 
for  several  millimeters,  (Fig.  ^ 
485,  6  to  c),  but  the  cilia 
themselves  allowed  to  re- 
main along  this  line  of  den- 
udation. The  denuded  edges 
are  approximated  by  silk  su- 
tures.   Median  tarsorrhaphy 

is  accomplished  by  denuding  the  ciliary  margin  of  the  center  of  each  lid 
for  4  mm.,  the  lashes  being  untouched,  and  approximating  the  denuded 
edges  with  a  mattress  suture.  The  eyeball  is  thus  effectually  covered,  but 
the  cornea  can  be  inspected  if  the  globe  Ls  rotated  either  inward  or  outward 
through  the  narrowed  lid  interspace  on  each  side  of  the  central  attachment. 

Indications. — A  n  g  u  1  a  r 
tarsorrhaphy  is  indicated  in 
ectropion  in  order  to  raise 
the  angle  of  the  lid  and 
adapt  it  to  the  globe,  and  in 
lagophthalmos  and  exoph- 
thalmos to  improve  the  un- 
sightly appearance  and  to 
protect  the  cornea  from 
undue  exposure.  Median 
tarsorrhaphy  is  suited  to 
those  conditions  in  which 
the  cornea  must  be  pro- 
tected, for  example,  in  cer- 
tain ulcers  (exposure  kera- 
titis), in  facial  palsy,  and  to 
prevent  ulceration  after  re- 
moval of  the  Gasserian  gan- 
glion. 

Canthoplasty. — Under 
certain  circumstances  it  is  necessary  to  enlarge  the  palpebral  fissure, 
and  for  this  purpose  the  operation  of  canthoplasty  is  performed  as 
follows:  One  blade  of  a  pair  of  probe-pointed  scissors  is  inserted  behind 
the  external  commissure  and  the  tissues  divided  to  a  point  just  beyond 
the  margin  of  the  orbit  in  such  a  manner  that  the  wound  in  the  skin  is 


Fia.  486. — Canthoplasty.    Thk  Stitches  Ready  to  be 
Tied  (Haab). 
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a  little  longer  than  that  in  the  conjunctiva.  From  between  the  wound 
margins,  which  are  gently  separated,  the  conjunctiva  is  loosened  at  the 
apex  of  the  incision  and  freed  from  the  underlying  tissue  so  that  it  forms 
a  triangular  flap.  One  suture  unites  the  extremity  of  this  flap  to  the 
center  of  the  skin  incision,  and  one  suture  is  passed  above  and  below, 
uniting  the  sides  of  the  triangle  to  the  edges  of  the  skin  wound  (Fig. 
486).  Occasionally  the  stitches  are  omitted,  and  under  these  circum- 
stances the  operation  is  known  as  a  canthotomy. 


Fig.  487. — Adams's  Operation  for  Ectropion  by  Excision  or  a  Vhbhaped  Piece  of  the  Lid. 

Indications. — Canthoplasty  is  suited  to  those  conditions  in  which  an 
enlargement  of  an  abnormally  short  palpebral  fissure  is  desired,  or  to 
lessen  the  tension  on  flaps  in  various  types  of  blepharoplasty.  It  is  fre- 
quently performed  for  the  relief  of  the  contracted  fissure  which  follows 
long-standing  granular  lids,  or  in  other  inflammatory  conditions  of  the 
lid  margins,  as,  for  example,  in  certain  t3^es  of  chronic  blepharitis. 


Fig.  488. — ^Kuhnt-MOller  Operation. 

Operations  for  Ectropion.— What  operation  should  be  performed 
for  the  relief  of  ectropion  depends  upon  whether  the  condition  is  caused 
by  a  relaxation  of  the  tissues  or  results  from  their  contraction.  In  or- 
dinary senile  ectropion  due  simply  to  relaxation,  fairly  good  results  may 
be  obtained  by  excising  a  V-shaped  piece  of  the  whole  thickness  of  the 
lid  and  uniting  the  wound  margins  either  with  pins,  very  much  as  they 
have  been  used  in  harelip  operations,  or  with  sutures  (Fig.  487).     If  in 
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addition  to  the  relaxation  of  the  tissues  there  is  considerable  eversion  of 
the  lower  conjunctival  fold,  with  thickening  of  the  exposed  mucous  mem- 
brane, a  good  procedure  is  the  following: 

Kuhnt-MtiUer  Operation.— With  a  broad,  triangular  knife  a  deep 
incision  is  made  into  the  center  of  the  lid-margin,  which  divides  the  lid- 


FiG.  480. — Wharton  Jones'  Opshation  for  Ectropion. 

substance  into  two  portions,  the  one  containing  the  conjunctiva  and  the 
tarsus,  and  the  other  the  soft  tissues  and  the  skin.  From  the  first  por- 
tion a  triangular  piece  is  removed  by  the  aid  of  two  incisions  which  should 
converge  toward  the  fornix  (Fig.  488,  A,  ac,  and  he).  The  two  portions 
of  the  lid  are  next  separated  toward  the  external  canthus  by  carrying 
the  knife  from  under  the  margin  he  toward  d.    Next  the  V-shaped  wound 


Fio.  490. — Restoration  of  the  Lower  Lid  by  Dieffenbach's  Method. 
The  diseased  tissue  has  been  removed  in  a  triangular  flap,  a,  6,  c.     This  defect  is  covered  by  a 
flap  taken  from  the  cheek,  indicated  by  the  dotted  lines,  b-d,  d-e,  with  the  result  shown  in  the  right 
half  of  the  illuatration.     The  remaining  gap  may  be  covered  with  Thiersch  grafts. 

of  the  tarsus  is  closed  with  sutures,  and  the  long  stretch  of  the  skin  margin, 
da,  is  united  with  the  shorter  margin,  d6,  of  the  tarsus  by  means  of  sutures. 
Their  method  of  application  may  be  understood  by  examining  Fig.  488,  B. 
The  puckering  which  occurs  after  these  sutures  are  tied  disappears  and 
the  lid  margin  becomes  smooth. 


920 


SURGERY   OF  THE  EYE. 


For  spastic  ectropion  SneUen^s  siUure  operation  may  be  tried.  One 
needle  on  a  double  armed  suture  is  made  to  pierce  the  junction  of  the  ex- 
ternal and  middle  third  of  the  lid  close  to  the  posterior  border  of  the 
tarsus,  and  is  passed  beneath  the  skin  to  a  point  at  the  summit  of  the 


Fio.  491. — ^Restoration  or  Lower  Lid  bt  Burow'b  Method. 
The  diaeaaed  tissue  is  removed  with  the  flap  a,  6,  e.  The  horixontal  incision  is  prolonged  upon 
the  temple  and  forms  the  base  of  the  triangle  a,  d,  e.  This  flap  (B)  being  removed,  the  cutaneous 
flap,  a,  c,  d,  is  dissected  up  and  drawn  inward  so  that  the  angle  a  is  sutured  at  the  point  6,  and  a-d 
forms  the  free  border  of  the  lid.  c-a  b  now  united  with  c-6,  and  d-t  with  a-«,  with  tne  result  shown 
in  the  right  half  of  the  illustration. 


lower  margin  of  the  orbit,  and  is  there  brought  out.  The  second  needle 
is  entered  at  a  point  5  mm.  from  the  first,  and  with  the  other  end  of  the 
thread  is  carried  down  close  to  the  first  and  parallel  with  it.  The  two 
extremities  of  the  suture  are  tied  upon  the  cheek  over  a  piece  of  drainage- 
tube.     If  necessary,  the  same  procedure  may  be  repeated  with  a  second 

double  armed  suture  at  the 
/"--v  junction  of   the  inner  and 

middle  third  of  the  conjunc- 
tival surface. 

Blepharoplasty .  —  O  r  - 
ganic  ectropion,  or  such  as 
results  from  the  contraction 
of  cicatrices  after  burns,  or 
wounds  or  abscesses,  caries 
of  the  margin  of  the  orbit, 
disease  of  the  malar  bone, 
etc.,  usually  require  exten- 
sive plastic  operations,  in 
which  the  vicious  cicatrix  is 
embraced  in  the  incision, 
and  during  which  denuded 
areas  must  be  covered  by  filling  the  gap  with  tissue  transplanted  from 
the  forehead,  temple,  or  cheek.  Many  ingenious  operations  have  been 
devised.  The  site  and  character  of  the  lesion  must  determine  the  method 
of  procedure,  which  is  carried  out  on  exactly  the  same  principles  that 


Fig.  492. — Restoration  of  the  Upper  Lid  by  Fricke's 

Method. 

The  diseased  tissue  has  been  removed  in  an  oval 

flap.     The  resulting  gap  is  covered  by  a  similarly  shaped 

flap  taken  from  the  t«mple,  indicated  by  the  dotted  hne. 
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govern  operations  of  plastic  surgery  in  the  face  elsewhere  described. 
The  accompanying  illustrations  of  a  few  of  the  most  important  of  these 
operations  indicate  better  than  words  can  the  lines  of  incision,  both  for 
the  removal  of  the  growth  and  the  covering  of  denuded  areas. 

During  operations  of  this  kind  the  field  of  operation  should  be  irrigated 
frequently  with  a  tepid  saturated  solution  of  boric  acid,  and  after  the 
flaps  have  been  adjusted  and  stitched  into  place  with  fine  silk  sutures, 
there  should  be  a  free  irrigation  with  physiologic  salt  solution.  Next 
the  flaps  are  covered  with  protective,  and  over  this  several  layers  of  anti- 
septic gauze  secured  with  a  few  turns  of  a  roller  bandage.  The  dressing 
need  not  be  removed  for  seventy-two  hours,  and  great  care  must  be  taken 
in  lifting  it  from  its  position  lest  the  flaps  are  disturbed.  Exfoliated 
epithelium  should  be  trimmed  and  the  edges  of  the  flap  anointed  with 
boric  acid  ointment.  At  this  time  any  area  which  remains  uncovered  by 
the  skin  flap  may  be  covered  with  Thiersch  grafts.  These,  too,  may  be 
applied  if  any  portion  of  the  flap  should  slough  after  the  sloughing  tissue 
has  been  separated.    Occasiondly  there  is  a  necrosis  of  the  upper  layer 


Fio.  493. — Restohation  of  the  External  Angle  or  the  Lidb  bt  Hasner  d'Artha'b  Method. 
The  diaeaAed  tissue  is  removed  by  two  elliptic  incisions,  and  the  defect  covered  with  a  flap 
taken  from  the  temporal  resion  at  (6),  cut  in  the  manner  indicated  by  the  dotted  line,  with  the 
result  shown  in  the  right  half  of  the  illustration.  The  same  operation  applies  to  the  inner  angle, 
the  flap  being  taken  from  the  nose. 


of  the  flap  without  loss  of  life  of  its  deeper  portions,  and,  as  Gifford  has 
suggested,  this  necrotic  area  may  be  scraped  away  until  healthy  tissue  is 
reached,  upon  which  Thiersch  grafts  are  planted. 

Transplantation  of  Skin  without  a  Pedicle. — Blepharoplastic 
operations,  while  often  successful,  leave  not  infrequently  large  and  dis- 
figuring scars,  and  to  obviate  this  the  plan  originally  introduced  by  I^fort 
and  Wolff  may  be  followed,  namely:  Transplantation  of  skin  without  a 
pedicle:  In  this  operation  a  piece  of  skin,  which  must  be  at  least  one-third 
larger  than  the  spot  it  is  intended  to  cover,  is  removed  from  a  distant  part, 
preferably  the  inner  side  of  the  arm  or  the  inner  side  of  the  thigh.  After 
its  removal  it  is  shaved  down  so  as  to  be  as  free  as  possible  from  sub- 
cutaneous tissue  and  fat,  and  is  kept  constantly  bathed  in  tepid  physio- 
logic salt  solution  until  it  is  stitched  in  place.  After  the  dressing  is 
applied  it  should  be  kept  moist  with  tepid  physiologic  salt  solution.  These 
skin  flaps  are  often  of  great  service,  especially  after  removal  of  small 
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growths  from  the  lower  lid,  bums,  and  the  like.    In  .place  of  utilizing 
Lefort- Wolff  flaps,  Thiersch's  method  of  skin  grafting  may  be  employed. 
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Of  the  various  operations  which  are  performed  upon  the  lachrymal 
apparatus,  dilatation  of  the  punctum  lachry male  and  canaliculus,  and 
slitting  this  structure,  are  the  simplest.  To  perform  the  first,  the  lower 
lid  is  drawn  down  and  out  with  the  thumb,  and  a  silver,  blunt,  conical 
probe  inserted  into  the  punctum  and  gradually  insinuated,  after  it  has 
been  depressed  into  a  horizontal  position,  along  the  canaliculus  until 
it  reaches  the  lachrymal  bone.  If  it  is  considered  necessary  to  slit  the 
canaliculus,  this  instrument  is  now  withdrawn,  and  a  canaliculus  knife 
passed  in  exactly  the  same  way,  beginning  in  a  vertical  and  assuming  a 
horizontal  position,  until  its  probe  point  touches  the  inner  wall  of  the 
lachrymal  sac,  when  it  is  raised  to  a  vertical  position  with  the  cutting 
blade  turned  slightly  inward  so  as  to  divide  the  roof  of  the  canaliculus 
and  yet  keep  the  cut  in  such  a  position  that  it  can  drain  the  lachrymal 
lake.  Next,  if  there  be  obstruction  of  the  ductus  ad  nasum,  a  probe  is 
passed  in  precisely  the  same  way  until  it  touches  the  lachrymal  bone, 
when  it  is  raised  to  the  vertical  position  and  gradually  insinuated  into 
the  duct,  taking  a  direction  which  is  downward,  slightly  backward,  and 
outward.  If  it  reaches  an  impermeable  stricture,  it  may  be  necessary  to 
incise  this  either  with  an  ordinary  blunt-pointed  canaliculus  knife,  or 
with  a  specially  devised  stricturotome.  Small  probes  are  tried  first  and 
gradually  increased  to  larger  ones.  Some  surgeons  believe  in  the  intro- 
duction of  very  large  probes,  10  to  12  mm.,  a  procedure  which  I  have 
never  found  satisfactory  and  rarely  justifiable. 

Indications. — Dilatation  of  the  canaUculus  without  slitting  it  is 
performed  to  facilitate  the  introduction  of  the  point  of  an  Anel  syringe  in 
order  to  irrigate  the  canaliculus,  the  sac  and  the  ductus  ad  nasum.  This 
procedure  should  always  be  tried  before  more  radical  measures  are  under- 
taken. Such  dilatation  and  washing  out  of  the  duct  is  often  of  great  ser- 
vice in  the  treatment  of  chronic  blepharitis,  chronic  conjunctivitis  with 
tumefaction  of  the  puncta,  and  to  improve  the  drainage  in  a  number  of 
inflammatory  conditions  of  the  eye  associated  with  great  epiphora;  it  is 
advisable  in  simple  epiphora,  provided  no  other  good  cause  can  be  found, 
for  example,  nasal  disease.  Even  if  probes  are  passed,  it  is  not  usually 
necessary  to  slit  the  canaliculus,  as  they  can  be  introduced  through  the 
dilated  punctum,  unless  large  sized  probes  are  required,  when  the  roof  of 
the  canal  must  be  divided. 

If  pressure  over  the  lachrymal  sac  causes  a  flow  of  pus  to  appear  at 
the  mouths  of  the  puncta  and  escape  into  the  conjunctival  sac,  dacryo- 
cystitis ispresent;  that  is  to  say  y  an  inflammation  of  the  lining  of  the  lachry- 
mal sac,  always  associated  with  stricture  of  the  nasal  duct,  which,  indeed, 
generally  antedates  its  appearance.  If  the  process  is  an  acute  one,  there 
may  be  chill,  fever,  great  swelling  of  the  lid,  and  extreme  tenderness  over 
the  region  of  the  sac,  with  the  formation  of  an  abscess  {lachrymal  abscess) 
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which  points  below  the  tendo  oculi.  Under  these  circumstances  free 
purging,  and  repeatedly  placed  hot  carbolized  compresses,  may  cause 
resolution;  or,  after  slitting  of  the  canaliculus,  drainage  may  be  secured 
into  the  nose  by  the  natural  passages;  often,  however,  it  is  necessary 
to  incise  the  abscess  in  the  ordinary  manner,  evacuate  the  pus,  and  after 
the  inflammation  has  subsided,  treat  the  conditions  in  the  ordinary 
manner.  The  irrigating  fluids  under  these  circumstances  may  be  bi- 
chlorid  and  boric  acid  lotions,  or  ordinary  nitrate  of  silver,  1  per  cent.* 

If  dacryocystitis  becomes  chronic  and  there  is  a  constant  overflow 
of  tears  mixed  with  pus,  giving  rise  to  a  chronic  inflammation  of  the  sur- 
rounding conjunctiva  in  the  form  of  the  so-called  lachrymal  conjunctivitis , 
while  it  may  be  possible  to  cure  the  case  by  systematic  probing  and  ir- 
rigating through  the  canaliculi  the  inflamed  tissues  with  the  various 
antiseptic  lotions  and  the  silver  salts  just  recorded,  by  far  the  best  and 
simplest  procedure  is: 

Extirpation  of  the  Lachrymal  Sac— A  number  of  methods  of 
exposing  the  sac  have  been  proposed,  those  that  are  most  familiar  being 
the  Voelker-Kuhnt  procedure  and  the  ones  designed  by  Axenfeld,  Miiller, 
and  Krauss.    Other  methods  will  be  found  in  Czermak's  work. 

Kuhnt  makes  a  1.5  cm.  incision  directly  along  the  crista  of  the  frontal 
process  of  the  superior  maxilla  down  to  the  bone.  Next  he  cuts  with  the 
scissors  the  ligament  at  its  insertion  in  the  crista.  Following  this,  the 
capsule  of  the  sac  is  opened  at  the  anterior  crista  and  the  sac  is  brought 
to  view. 

Axenfeld  calls  his  method  the  subperiosteal,  which  in  many  respects 
resembles  the  Kuhnt- Voelker  method,  but  differs  from  it  in  this  respect, 
that  the  incision  is  placed  anterior  to  the  crista  and  the  dissection  is  made 
subperiosteally,  much  aided  by  a  special  method  of  checking  bleeding. 
The  chief  incision  passes  nasalward  from  the  inner  lid  angle,  beginning 
somewhat  above  the  internal  canthal  ligament,  about  2  to  3  mm.  anterior 
to  the  crista  lachrymalis,  in  a  curved  manner  downward  and  outward  in  a 
length  of  about  2.5  cm.,  directly  to  the  bone,  the  periosteum  of  which  is 
divided.  After  the  incision  a  matter  of  first  importance  is  to  check  the 
bleeding;  otherwise  it  is  difficult  to  recognize  the  structures.  A  Miiller's 
wound-speculum,  to  which  Axenfeld  has  added  somewhat  larger  teeth, 
is  utilized  to  draw  the  lips  of  the  wound  asunder  in  a  horizontal  direction. 
Next  there  is  placed  in  position  the  speculum  which  Axenfeld  has  designed, 
by  means  of  which  the  upper  and  lower  angles  of  the  wound  are  drawn 
apart,  the  pressure  at  the  same  time  causing  a  checking  of  their  freely 
bleeding  margins.  With  a  suitable  instrument  the  periosteum  is  detached 
from  the  crista  down  to  the  fossa  lachrymalis,  the  blade  of  the  instmment 
being  so  passed  that  it  goes  posteriorly,  and  the  nasal  wall  of  the  lachrymal 
sac,  together  with  the  greatest  portion  of  the  posterior  part,  is  freed  to 
the  nasolachrymal  duct.  Next  the  upper  portion  (including  the  capsule) 
is  seized  with  the  forceps,  loosened,  and  divided  from  its  attachment 
with  scissors.    Finally,  the  remaining  attachments  are  loosened  down 

♦  If  argyrol  (25  per  cent.)  or  protargol  (20  per  cent.)  is  used,  great  care  must  be 
exercised  lest  the  fluids  escape  into  surrounding  tissues  and  stain  them  black. 
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to  the  duct,  which  must  not  be  cut  off  until  the  dissection  has  proceeded 
well  into  the  canal. 

I  usually  operate  in  the  following  manner:  The  skin  being  drawn 
toward  the  bridge  of  the  nose,  a  slightly  curved  incision  is  made 
down  to  the  periosteum,  which  extends  from  4  mm.  above  the  internal 
canthal  ligament  to  5  mm.  below  it,  and  passes  along  the  orbital  margin, 
the  entire  length  of  the  cut  being  2.5  cm.  If  a  rapid  removal  of  the  sac 
is  necessitated,  the  canthal  ligament  may  be  divided  with  scissors,  and 
while  the  lips  of  the  wound  are  separated,  the  temporal  lip  being  especially- 
drawn  outward,  the  fibrous  expansion  from  the  tendo  oculi  is  divided 
through  its  whole  length,  exposing  the  sac,  which  usually  can  be  recog- 
nized by  its  bluish  color.  The  sac  is  next  gradually  separated  from  the 
periosteum,  being  dissected  out  very  much  in  the  manner  of  removing  a 
cyst,  care  being  taken  not  to  rupture  its  walls.  The  internal  surface,  the 
upper  end,  and  the  posterior  surface  of  the  sac  having  been  freed,  the 

tissue     is     cut 
r  through  at  the 

commencement 
of  the  nasal 
duct.  It  is  not 
necessary  to  di- 
vide the  tendo 
oculi  in  order 
to  expose  the 
sac,  but  that  it 
can  be  dissected 
out  from  un- 
derneath the 
tendon  (Fig. 
494). 

After  this 
dissection  is 
completed,  no 
matter  what 
method  is  used,  great  care  must  be  taken  that  every  portion  of  the  sac  is 
removed,  and  the  operation  should  be  terminated  by  thoroughly  curetting 
the  region  and  the  ductus  ad  nasum,  removing  all  traces  of  mucous  mem- 
brane. Three  sutures  close  the  wound,  which  usually  heals  promptly.  If 
the  tendo  oculi  has  been  severed  it  may  be  repaired  by  a  strong  suture, 
although  I  have  not  seen  any  evil  consequences  when  this  is  omitt-ed. 
Holmes  advises  that  the  canaliculi  should  be  closed;  otherwise  a  blind 
pocket  forms  at  the  inner  canthus.  They  may  be  destroyed  through 
their  entire  length  by  touching  their  lining  membrane  with  the  actual 
cautery.  The  dressing  should  consist  of  a  pressure  bandage  placed 
over  a  light  compress,  and  the  stitches  removed  on  the  third  or  fourth 
day. 

The  complications  during  this  operation  are  of  minor  importance, 
the  most  notable  one  being  an  annoying  hemorrhage  proceeding  from  the 


Fig.  494. — Expobure  op  Lachrymal  Sac  (after  Haab). 
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angular  vein  or  angular  artery,  which  can  usually  readily  be  controlled 
by  pressure,  and  which  is  usually  prevented  by  the  use  of  the  Axenfeld 
speculum.  Some  surgeons  who  have  found  difficulty  in  isolating  the  sac 
have  preceded  the  operation  by  filling  it  with  paraffin,  a  detail  which  I 
have  never  found  necessary.  In  rare  instances  keratitis  has  followed 
its  performance,  and  failure  to  excise  all  of  the  tissue  may  cause  a  re- 
appearance of  suppuration. 

Indications. — In  general  terms,  extirpation  of  the  lachrymal  sac  is 
indicated,  and  practically  always,  when  properly  performed,  yields  good 
results,  in  chronic  dacryocystitis.  It  may  be  performed  if  conservative 
and  ordinary  surgical  measures  have  failed,  if  there  is  an  impassable 
stricture,  if  an  operation  on  the  eyeball  is  speedily  necessary,  if  there 
is  a  serpiginous  ulcer  of  the  cornea,  if  patients  are  liable  by  virtue  of 
their  occupations  to  corneal  injuries  and  therefore  to  corneal  ulceration, 
if  probing  cannot  be  endured,  and  in  the  insane,  who  are  very  subject 
to  dacryocystitis.  After  its  performance  there  is  temporarily  a  good 
deal  of  epiphora.  This  usually  subsides  with  the  disappearance  of  the 
associated  conjunctivitis,  and  even  if  it  continues  is  far  less  annoying 
than  the  constant  presence  of  pus. 

Some  surgeons  advocate  as  a  second  step  in  this  operation,  or  one  to 
be  performed  at  a  later  period,  if  epiphora  continues,  excision  of  the  pal- 
pebral portion  of  the  lachrymal  gland,  which  may  be  readily  reached  by 
causing  this  structure  to  protrude  when  the  upper  lid  is  everted,  or  by 
ablation  of  the  lachrymal  gland  itself,  reached  through  an  incision  along  the 
outer  margin  of  the  orbit  through  the  eyebrow  (see  page  852). 

PULSATING  EXOPHTHALMOS-* 

Pulsating  exophthalmos  is  characterized  by  a  protrusion  and  pulsa- 
tion of  the  eyeball  (the  vascular  protrusion  of  Nunnely)  and  a  dis- 
tinct bruit  heard  over  the  eye,  forehead,  and  cranium.  Not  infrequently 
it  is  associated  with  the  presence  of  a  pulsating  mass  situated  at  the  upper 
and  inner  portion  of  the  orbit. 

History. — From  1805,  when  Travers  recorded  the  first  case  of  pul- 
sating exophthalmos  to  which  reference  is  usually  made,  until  the  middle 
of  1907,  three  hundred  and  thirteen  cases  of  this  affection  have  been  placed 
on  record,  and  a  number  of  analyses  of  the  literature  have  been  prepared, 
beginning  with  Sattler's  collection,  in  which  one  hundred  and  six  cases 
are  classified,  based  upon  the  records  to  the  middle  of  1880.  Since  the 
last-named  date  a  number  of  papers  and  monographs  have  been  published 
containing  extensive  bibliographies;  for  example,  those  by  W.  Adams 
Frost,  Koehler,  Nieden,  Lefort,  de  Schweinitz,  Keller,  Slomann,  Reuchlin, 
Bouillon,  Lagrange,  and  de  Schweinitz  and  Holloway. 

The  earlier  writers  attributed  pulsating  exophthalmos,  sometimes 
called  aneurismal  proptosis  or  vascular  protrusion,  solely  to  aneurism  of 
the  orbit,  although  they  were  not  quite  sure  whether  the  lesion  was  a  true 

♦  In  the  preparation  of  this  section  I  have  received  much  help  from  Dr.  T.  B. 
Holloway. 
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aneurism,  an  aneurism  by  anastomosis,  or  an  aneurismal  dilatation  of  the 
ophthalmic  artery  in  its  whole  course.  N^laton  and  Rivington  first  sat- 
isfactorily demonstrated  that  a  communication  of  the  internal  carotid 
with  the  cavernous  sinus  might  be  responsible  for  the  symptoms,  and  Keller, 
who,  after  Sattler  and  Slomann,  has  written  the  most  complete  mono- 
graph on  this  subject,  contends  that  the  term  pulsating  exophthalmos 
should  be  strictly  limited  to  that  disease  in  which  such  a  communication 
of  the  internal  carotid  with  the  cavernous  sinus  has  been  demonstrated 
or  is  reasonably  certain. 

Although  the  most  frequent  intracranial  cause  of  this  disease  depends 
upon  the  lesion  just  described,  in  a  certain  number  of  cases  aneurism  of 
the  internal  carotid,  as  Rivington  demonstrated,  and,  indeed,  as  Keller 
himself  points  out,  is  interpreted  by  the  cardinal  symptoms  of  this  affection, 

exophthalmos,  pulsation,  and 
bruit.  A  tumor  of  the  brain, 
which  has  broken  into  the  orbit, 
as  well  as  a  tumor  of  the  orbit 
itself,  or  one  which  protrudes  into 
it  from  neighboring  sinuses,  may 
cause  symptoms  which  are  anal- 
^^^^        ogous    to    those    furnished    by 

t^m^^k    ^S^   ^  *  true  pulsating  exophthalmos,  al- 

^^^^^^^      ^^  though  a  careful  study  should  in 

^^^^^^^^^^  most  instances  be  rewarded  by 

^f|^^^^^B|^  the  establishment  of  a  safe  differ- 

^K^^^^^^W       ^  .A.        ential  diagnosis,  and  the  typical 

affection  should  be  considered  as 
an  indication  of  an  arteriovenous 
communication  in  so  far  as  the 
intracranial  cases  are  concerned. 
Etiology. — PuLsating  exoph- 
thalmos usually  is  a  unilateral 
affection.  Among  the  three 
hundred  and  thirteen  cases  to 
which  reference  has  been  made,  only  thirty-six  have  been  bilateral.  The 
following  conditions  may  cause  pulsating  exophthalmos:  (1)  Rupture  of 
the  internal  carotid  in  the  cavernous  sinus;  (2)  aneurism  of  the  internal 
carotid  in  the  cavernous  sinus;  (3)  aneurism  of  the  ophthalmic  artery 
both  within  and  without  the  orbit;  (4)  tumoi*s  of  the  orbit,  either  those 
within  this  cavity  or  protmding  into  it  from  the  neighboring  sinuses  or 
intracranial  region.  Of  these  conditions  the  first,  namely,  arteriovenous 
communication,  is  responsible  for  the  greatest  number  of  cases,  which  are 
most  frequently  traumatic  in  origin.  Indeed,  practically  two-thirds,  or  68 
per  cent.,  of  the  total  number  of  cases  are  of  traumatic  origin,  and  there- 
fore it  is  natural  that  more  males  than  females  are  found  in  this  class. 

Among  sixty-nine  cases  collected  by  myself  and  Hollo  way,  there 
were  fifty-four  due  to  trauma,  as  follows:  Twenty  to  falls  with  associated 
head  injuries,  seventeen  to  blows  on  the  head,  four  either  to  blows  or  falls, 


Fko.  495. — PuLBATiNo  Exophthalmos  (from  a  case 
under  the  care  of  Dr.  Kent  Wheelock.  Fort 
Wayne,  Indiana). 
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six  to  gunshot  wounds,  and  seven  to  punctured  or  penetrating  wounds. 
The  right  eye  was  affected  in  thirty-one  and  the  left  in  twenty-six  of 
the  cases.  Five  of  the  cases  were  bilateral.  Rupture  of  the  internal 
carotid  in  the  cavernous  sinus  may  result  not  only  from  a  direct  trauma, 


Fio.  496. — Cabb  or  Bilateral  Exophthalmos. 

as,  for  example,  a  penetrating  wound  or  gunshot  injury,  but  from  an  in- 
direct trauma,  as,  for  example,  a  blow  on  the  head,  although  it  is  possible 
that  in  some  of  the  cases  in  which  a  basal  fracture  has  taken  place  and  the 
symptoms  of  pulsating  exophthalmos  have  developed,  a  penetrating  splin- 
ter of  bone  has  caused  the  aneurismal  varix.  Where  the  traumatism  has 
been  an  indirect  one,  it  is  likely  that  a 
diseased  condition  of  the  vascular  system 
has  been  a  predisposing  factor. 

Among  three  hundred  and  thirteen 
cases  thus  far  analyzed,  the  number  aris- 
ing spontaneously  or  resulting  from  the 
growth  of  a  tumor  is  eighty-three,  and 
of  these  fully  80  per  cent,  were  of  spon- 
taneous origin.  The  spontaneous  cases 
most  frequently  occur  among  females, 
and  usually  develop  as  the  result  of 
straining  efforts,  coughing,  or  vomiting, 
and  in  persons  who  are  predisposed  to 
such  an  accident  by  reason  of  vascular 
disease.  The  subject  of  this  affection 
usually  has  a  sensation  of  something 
having  given  way  in  the  head,  which  is 
followed  by  the  bruit  and  later  by  the 
other  well-known  symptoms.  Among  forty-nine  spontaneous  cases  oc- 
curring in  women,  fourteen  have  been  associated  with  pregnancy,  that  is, 
28.5  per  cent.,  or  about  4  per  cent,  of  the  total  number.  The  majority 
of  cases  of  pulsating  exophthalmos  occur  between  the  ages  of  thirty  and 


Fig.  497. — Case  of  Bilateral  Exoph- 
thalmos. Enlargement  OF  CoN- 
jDNCTivAL  Vessels. 
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forty.    The  youngest  patient  reported  as  the  subject  of  this  aflPection  was 
sixteen  months  of  age  and  the  oldest  eighty  years. 

Pathology  and  Pathogenesis.— Among  the  three  hundred  and 
thirteen  cases  reported  up  to  the  middle  of  1907,  it  would  seem  that  forty- 
three  autopsies  have  been  made,  the  results  of  which  may  be  briefly 
summarized  as  follows: 

I.  Aneurism  of  the  ophthalmic  artery  both  within  and  without  the 
orbit. 

(a)  Within  the  orbit,  two  cases  (Guthrie,  Du  Villards). 

(b)  Without  the  orbit,  one  case  (Nunnely). 

II.  Rupture  of  the  internal  carotid  in  the  cavernous  sinus. 

(a)  Traumatic  rupture,  ten  cases  (N^laton,  Herschfeld,  Leber,  Blessig, 
Stuelp,  Grut  and  Tscheming,  Usher,  Gibson,  Verhoeff  and  Jack). 

(b)  Spontaneous  rupture  of  the  internal  carotid  in  the  sinus,  one  case 
(Gendrin). 

(c)  Spontaneous  rupture  of  aneurism  of  the  internal  carotid,  or  cf 
the  carotid  in  the  sinus,  six  cases  (Baron,  Nunnely,  Debayle,  Karplus, 
Cantonnet  and  Cerise,  Brandes). 

III.  Aneurism  of  the  internal  carotid,  three  cases  (Dempsey,  Coggin, 
Barnard  and  Rugby). 

IV.  Tumors,  six  cases  (Lenoir,  Nunnely,  Schells,  Alexander,  De  Bono, 
Van  Duyse). 

V.  Thrombosis  of  the  cavernous  sinus  and  of  the  ophthalmic  veins 
without  certain  arterial  communication,  although  possibly  present, 
eight  cases  (De  Wecker,  Bowman,  Neff,  Morton,  Oettingen,  Aubry, 
Griiner). 

Six  unclassified  cases:  (a)  No  abnormalities  found,  three  (Harlan, 
Gaiiran,  Armaignac);  (6)  caries  of  orbital  wall  and  abscess  of  brain 
(Jones);  (c)  absence  of  bony  wall  of  orbit  and  dilatation  of  internal 
carotid  (Gerhardt) ;  (d)  absence  of  a  portion  of  the  bony  wall  of  the  orbit 
(Ercklentz) ;  (e)  internal  hydrocephalus  and  dropsy  of  the  sheath  of  the 
optic  nerve  (Maynard  and  Rogers).* 

Three  of  these  autopsies  represent  atypical  cases;  the  others  typical 
cases.  It  will  therefore  be  seen  that  there  was  a  demonstrable  commun- 
ication which  had  risen  either  traumatically  or  spontaneously  between 
the  internal  carotid  and  the  cavernous  sinus  in  seventeen  of  the  cases, 
while  in  five  others  (all  in  Sattler's  list),  although  an  arterial  communi- 
cation was  not  certainly  demonstrated,  it  was  possibly  if  not  probably 
present. 

When  from  any  cause  an  arteriovenous  aneurism  of  the  internal 
carotid  in  the  cavernous  sinus  arises,  the  symptoms  which  follow 
are  the  result  of  increased  pressure  within  this  sinus.  This  leads  to  a 
stasis  and  dilatation  of  the  superior  ophthalmic  vein,  followed  later  by  a 
reversal  of  the  blood-streams  in  the  orbital  veins  and  the  development 
of  pulsation.    The  order  in  which  the  cardinal  symptoms  arise  is  first  the 

*  The  summary  of  these  autopsies  has  been  made  from  the  records  collected  by 
Sat  tier,  who  reports  nineteen,  Keller,  who  reports  nine,  Reuchlin,  two,  and  de 
Schweinitz  and  HoUoway,  fourteen. 
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bruit,  next  the  exophthalmos,  and  finally  the  pulsation,  although  the  last 
symptom  may  be  delayed  and  the  patient  pass  from  observation,  or  sub- 
mit to  operation  before  it  has  fully  developed.  Not  only  may  there  be 
distention  of  the  superior  ophthalmic  vein,  which  is  responsible  in  part 
for  the  pulsating  venous  mass  not  infrequently  seen  at  the  upper  and  inner 
margin  of  the  orbit,  but  also  a  similar  distention  of  the  angular  veins  and 
those  of  the  lids.  The  close  relationship  of  the  third,  fourth,  ophthalmic 
division  of  the  fifth,  and  sixth  nerves  to  the  cavernous  sinus  explains  the 
frequent  impairment  of  ocular  muscle  movement,  and  the  increased  pres- 
sure is  the  cause  of  the  optic  nerve  and  retinal  lesions  which  have  been 
noted. 

Bilateral  exophthalmos  develops  as  follows:  The  traumatism — for 
example,  a  fracture  at  the  base  of  the  skull — establishes  a  communication 
between  the  internal  carotid  and  the  cavernous  sinus  upon  one  side,  lead- 
ing to  distention  or  varicose  dilatation  of  the  orbital  veins.  Later  there 
is  extension  of  the  process  by  the  transverse  and  circular  sinus  to  the  ven- 
ous channels  upon  the  opposite  side.  In  a  certain  number  of  cases  which 
have  been  classified  with  pulsating  exophthalmos,  although  not  entirely 
accurately  so,  a  portion  of  the  osseous  orbital  wall  was  absent,  permitting 
a  transmission  of  pulsation  directly  from  the  brain,  and  the  same  is  true 
of  one  case  of  internal  hydrocephalus  and  dropsy  of  the  optic  nerve  sheath. 

Symptoms. — Sometimes  the  symptoms  which  are  characteristic  of 
pulsating  exophthalmos  appear  immediately  after  the  trauma;  at  other 
times  hours,  days,  months,  and  even  years  may  elapse  before  they  de- 
clare themselves  (Keller).  Pain  in  the  head,  while  not  constant,  is  not 
infrequent,  and  may  be  confined  to  the  affected  side  and  associated  with 
distress  in  the  orbit. 

One  of  the  earliest  symptoms  is  the  bruit,  which  is  variously  described 
as  a  roaring,  humming,  buzzing,  or  hissing  sound.  It  is  increased  by 
bending  or  stooping  over,  and  usually  modified  and  sometimes  abolished 
by  compression  of  the  carotid.  Stethoscopic  examination  of  the  superior 
portion  of  the  orbit,  of  the  corresponding  temple,  and  in  some  instances  of 
the  whole  skull,  demonstrates  the  presence  of  this  bruit,  in  the  form  of 
either  a  loud  and  blowing  sound  or  one  that  is  soft  and  feeble.  The 
murmur  may  be  continuous,  with  exacerbations  synchronous  with  the 
cardiac  systole,  or  may  be  intermittent.  In  one  case  (Gayet's)  both  types 
existed  at  different  periods.  According  to  Sattler,  a  bruit  de  piaulemerU 
should  be  regarded  as  a  trustworthy  sign  of  rupture  of  the  carotid  into 
the  cavernous  sinus.  Not  only  may  the  bruit  be  modified  and  sometimes 
abolished  by  compressing  one  or  both  carotids,  but  in  rare  instances  it 
is  influenced  by  deep  pressure  made  at  the  inner  angle  of  the  orbit,  as  it 
was  in  Schwalbach's  case. 

In  sixty-nine  cases  of  pulsating  exophthalmos  analyzed  by  myself 
and  Holloway,  some  form  of  bruit  is  described  in  all  except  nine;  in  twenty- 
one  it  was  systolic,  in  three  continuous,  in  five  continuous  with  systolic 
accentuations,  while  its  character  is  not  described  in  thirty-one  of  the 
cases,  although  it  is  stated  to  have  been  present.  The  exact  region  of 
this  bruit  is  not  mentioned  in  twenty-seven  of  the  cases.  It  is  stated  to 
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have  been  "  local'' — ^that  is,  heard  over  the  eye  or  the  eye  and  temple — 
in  eighteen  of  them,  and  "general" — that  is,  heard  over  the  whole  skull, 
or  a  greater  portion  of  it — in  twenty-four. 

The  next  most  important  symptom  is  the  exophthalmos,  also  arising 
early  in  the  course  of  the  disease  and  sometimes  simultaneously  with  the 
bruit,  and  depending  in  the  majority  of  instances  upon  the  essential 
feature  of  this  affection,  namely,  venous  stasis.  It  varies  much  in  degree, 
and  is  sometimes  so  decided  that  closure  of  the  lids  is  impossible.  In 
some  instances  they  have  been  actually  everted.  The  eye  may  be  prop- 
tosed  straight  forward,  but  usually  it  is  displaced  outward  and  downward. 
Partial  reduction  of  the  exophthalmos  follows  pressure  upon  the  glol^e, 
especially  if  at  the  same  time  the  carotids  are  compressed.  On  release 
of  the  pressure  the  eye  assumes  its  former  position.  The  patient  may  be 
unable  to  elevate  the  lids,  which  are  red  and  swollen,  while  the  conjunc- 
tiva is  chemotic,  and  in  both  of  these  structures  the  veins  are  dilated  and 
tortuous. 

Pulsation  of  the  globe  is  not  constantly  present,  although  in  the  ma- 
jority of  cases  it  can  be  demonstrated.  It  may  be  actually  visible,  or 
detected  only  when  the  globe  is  palpated.  Sometimes  it  is  necessary  to 
press  the  globe  backward  before  the  impulse  is  felt.  Not  infre- 
quently there  is  a  soft,  compressible,  pulsating  tumor,  usually  situated 
at  the  upper  and  inner  angle  of  the  orbit,  which  transmits  a  thrill  to  the 
superimposed  finger.  In  some  instances  a  pulsation  is  visible  in  the 
distended  angular  vein  and  the  veins  of  the  forehead  and  lids.  As  a  rule, 
compression  of  the  corresponding  carotid  causes  a  diminution  or  abolition 
of  the  pulsation  and  a  lessening  of  the  size  of  the  swollen  veins. 

Vision  may  remain  normal  throughout  the  entire  course  of  the  disease, 
or  may  be  seriously  affected,  and  sometimes  blindness  results.  In  the 
sixty-nine  cases  of  the  de  Schweinitz-Holloway  series  the  acuteness  of 
vision  of  nineteen  eyes  is  not  stated.  Of  the  remainder,  ten  eyes  were 
blind,  five  eyes  had  light  perception  only,  or  at  most  counted  fingers,  eleven 
eyes  a  reduction  of  vision  greater  than  one-half,  eighteen  eyes  a  reduction 
of  vision  less  than  one-half,  while  thirteen  eyes  retained  normal  vision. 

Not  only  may  the  eye  upon  the  affected  side  lose  vision,  but  also  that 
upon  the  opposite  side,  as  has  been  reported  by  Pincus  and  Van  Duyse, 
while  in  one  case  in  which  the  right  eye  was  enucleated,  the  left  eye  sub- 
sequently acquired  pulsating  exophthalmos. 

Reduction  of  vision  may  depend  upon  corneal  complications,  for  ex- 
ample, neuro-paralytic  keratitis,  ulceration  of  the  cornea,  vascularization, 
opacity  and  edema  of  this  membrane,  and  upon  striped  keratitis.  Hy- 
peremia of  the  iris  and  actual  iritis  have  been  recorded.  The  usual  causes 
of  the  blindness  are  optic  neuritis  and  optic  nerv^e  atrophy. 

In  the  series  before  referred  to,  fully  20  per  cent,  of  the  cases  presented 
some  degree  of  optic  nerve  atrophy,  and  practically  all  of  the  blind  eyes 
lost  their  vision  from  this  cause.  The  papillitis  may  present  itself  in  the 
form  of  an  ordinary  optic  neuritis,  or  develop  into  that  phenomenon  to 
which  the  name  "  choked  disc"  is  usually  applied.  Retinal  hemorrhages 
are  frequent,  and  the  retinal  vessels  themselves  may  be  overdistended  and 
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tortuouSy  and  in  one  notable  instance  reported  by  Knapp,  these  vessels^ 
temporarily  at  least,  showed  a  series  of  alternating  constrictions  and 
dilatations  of  the  most  pronounced  type. 

Embolism  of  the  central  artery  of  the  retina  has  been  recorded,  but  in 
this  instance  it  seems  to  have  followed  ligation  of  the  common  carotid. 

Other  causes  of  blindness  are  glaucoma  and  cataract,  and  Weisbach 
refers  to  five  cases  occurring  in  a  series  of  two  hundred  and  eight,  in  which 
the  globe  itself  became  atrophic,  a  condition  of  affairs  not  observed  in  the 
series  analyzed  by  Reuchlin,  myself,  and  Holloway. 

The  pupil  is  usually  sluggish,  sometimes  dilated  and  fixed,  and  there 
may  be  partial  or  complete  loss  of  accommodation.  In  one  case  recorded 
by  Zur  Miihlen,  there  was  a  left  homonymous  hemianopsia,  associated 
with  hemiopic  pupillary  inaction,  the  only  case,  so  far  as  I  am  aware, 
in  which  such  a  condition  of  affairs  has  been  described. 

Naturally,  the  relationship  of  the  cavernous  sinus  to  the  nerve-supply 
of  the  ocular  muscles  is  responsible  for  the  disturbance  of  ocular  motil- 
ity which  are  prominent  symptoms  of  this  disease.  This  may  vary  from 
paresis  of  a  single  muscle  to  complete  external  ophthalmoplegia  and 
immobility  of  the  globe.  Exclusive  of  complete  external  ophthalmo- 
plegia, a  special  involvement  of  the  oculomotor  nerve  has  been  recorded 
in  a  number  of  instances,  but  by  far  the  most  frequent  paresis  or  paralysis 
is  that  which  affects  the  abducens  nerve.  In  the  de  Schweinitz-Holloway 
series  forty-eight  eyes  among  fifty-nine  cases  gave  evidence  of  some 
affection  of  the  extraocular  muscles,  while  eleven  eyes  escaped  in  so  far 
as  anomalies  of  these  muscles  are  concerned. 

Other  disturbances  of  special  sense  are  impairment  of  hearing,  or  its 
actual  loss,  although  such  a  defect  does  not  necessarily  mean  an  involve- 
ment of  the  auditory  nerve.  Loss  of  taste  and  of  smell  have  been  repoited, 
and  involvement  of  the  first  branch  of  the  fifth  nerve,  in  one  instance 
bilateral,  although  the  exophthalmos  was  unilateral,  has  been  recorded. 
Facial  paralysis,  or  some  involvement  of  the  facial  nerve,  has  been  ob- 
served a  number  of  times,  and  has  also  appeared  as  a  transitory  post- 
operative phenomenon. 

A  summary,  therefore,  of  the  conspicuous  symptoms  which  may  arise 
in  the  coui-se  of  this  disease,  although  not  constantly  pi'esent  in  each  in- 
stance of  it,  is  as  follows:  Exophthalmos,  most  frequently  with  the  eye 
displaced  outward  and  downward;  bruit,  usually  heard  over  the  eye  and 
above  the  orbit,  but  sometimes  audible  over  the  whole  skull  and  evident  to 
the  patient  in  a  roaring,  humming,  buzzing,  or  hissing  sound;  pulsation, 
which  may  be  visible  or  demonstrable  only  by  palpation,  or  by  pressing 
the  globe  backward  into  the  orbit;  distention  of  the  veins  at  the  inner 
angle  of  the  orbit,  especially  enlargement  of  the  angular  vein,  and  of  those 
of  the  lid  and  even  of  the  forehead  and  on  the  surface  of  the  conjunctiva; 
corneal  complications,  usually  in  the  form  of  exposure  keratitis;  fre- 
quently hjrperemia  of  the  iris  and  rarely  actual  iritis;  commonly  hyperemia 
of  the  nerve-head,  and  occasionally  optic  neuritis  and  even  choked  disc; 
frequently  marked  distention  of  the  retinal  veins  and  scattered  retinal 
hemorrhages;  disturbances  of  ocular  motility,  sometimes  so  extensive  as 
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to  implicate  all  of  the  exterior  ocular  muscles,  sometimes  only  one  or  other 
of  them,  the  external  rectus  being  the  one  most  frequently  affected  where 
a  single  muscle  is  involved;  occasional  involvement  of  the  trifacial,  of  the 
facial,  and  disturbances  of  taste,  smell,  and  hearing. 

Diagnosis  and  Differential  Diagnosis.— While  the  diagnosis  of 
pulsating  exophthalmos  itself  is  not  difficult,  it  is  not  easy  and  sometimes 
impossible  to  determine  the  exact  underlying  pathologic  condition. 
Naturally,  pulsating  exophthalmos  suggests  rupture  of  the  internal  car- 
otid in  the  cavernous  sinus,  as  it  has  not  only  been  the  most  frequent 
lesion  diagnosticated  from  the  clinical  standpoint,  but  demonstrated  by 
autopsies. 

Aneurism  of  the  internal  carotid  in  the  cavernous  sinus  and  aneurism 
of  the  ophthalmic  artery,  however,  cause  practically  identical  symptoms, 
although  in  all  probability  they  do  not  produce  a  murmur  of  as  great 
intensity,  especially  if  it  is  a  continuous  bruit  with  systolic  accentuations, 
nor  as  vigorous  a  pulsation.  A  differential  diagnosis  between  extra- 
orbital  and  intraorbital  aneurism  of  the  ophthalmic  arteiy  is  not  possible. 

Traumatism  followed  by  unconsciousness,  hemorrhage  from  the  nose, 
mouth,  or  ears,  involvement  of  the  cranial  nerves  other  than  the  ocular, 
and  especially  of  the  facial  and  auditory,  would  indicate  an  arteriovenous 
aneurism  in  the  cavernous  sinus  as  the  result  of  basal  fracture. 

Although  the  pulsating  exophthalmos  usually  develops  on  the  same 
side  as  that  which  receives  the  injury,  such  is  not  always  the  rule;  for 
example,  in  Calderaro's  case,  in  which  trauma  on  the  right  side  produced 
right-sided  exophthalmos,  and  later  pulsating  exophthalmos  of  the  left 
eye.  In  the  spontaneous  cases  the  symptoms  usually  develop  rapidly 
and  general  vascular  changes  are  demonstrable. 

The  symptoms  of  vascular  tumors  of  the  orbit  develop  more  slowly 
than  those  which  are  caused  by  rupture  of  the  internal  carotid  into  the 
cavernous  sinus;  moreover,  the  orbital  tumor  is  usually  palpable,  and 
attempts  to  reduce  the  exophthalmos  encounter  marked  resistance.  If 
a  murmur  is  present,  it  is  generally  feeble  and  intermittent,  and  is  heard 
best  over  the  corresponding  temple.  If  a  pulsating  venous  mass  exists, 
it  is  situated  at  the  outer  angle,  out  and  up  or  out  and  down,  rather  than 
at  the  internal  angle,  which  is  the  Usual  position  after  rupture  of  the 
carotid  into  the  sinus. 

Malignant  tumors  are  usually  rapid  in  growth  and  are  associated  with 
cachexia.  In  doubtful  cases  a  thorough  examination  should  be  made  of 
the  accessory  cavities  and  sinuses. 

Certain  orbital  encephaloceles  have  in  the  past  been  described  as  cases 
of  pulsating  exophthalmos,  but  in  Ercklentz^s  case  there  was  an  absence 
of  the  murmur  and  no  fundus  vascular  changes;  exophthalmos  and  pul- 
sation existed,  the  latter  being  the  result  of  direct  transmission  from  the 
brain.  In  some  cases  x-rays  may  be  of  service,  especially  in  fracture  of 
the  skull  and  gimshot  injuries  with  retention  of  the  bullet,  and  possibly 
in  demonstrating  an  absence  of  the  osseous  walls  of  the  orbit. 

Treatment  divides  itself  into:  (1)  Ligation  of  the  larger  arteries  of 
the  neck;  (2)  operations  upon  the  orbit;  (3)  compression  of  the  common 
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carotid;  (4)  direct  compression  of  the  venous  swelling  of  the  eyelids  and 
angle  of  the  orbit;  (5)  gelatin  injections;  (6)  the  administration  of  certain 
drugs  and  rest  in  the  recumbent  posture. 

Among  sixty-nine  cases  analyzed  by  myself  and  Holloway,  ligature 
of  the  common  and  external  carotid  was  practised  by  one  surgeon 
(Wiirdemann),  with  a  cure;  ligature  of  the  external  and  internal  carotid 
was  practised  six  times  with  the  following  results:  one  cure  (Usher, 
second  case),  two  improvements  (Siegrist  and  Lambert),  one  recurrence 
(Wiemuth),  one  negative  result  (Burghard  and  Pritchard),and  one  death; 
ligature  of  the  external  carotid  alone  was  performed  by  one  surgeon 
(Gifford). 

In  the  same  series  ligature  of  the  internal  carotid  yielded  the  following 
results:  Cure  once  (Debayle);  improvement  four  times  (Sobemheim, 
Frazier,  De  Langlade,  Pons  and  Gushing);  negative  results  once  (Hou- 
illon).  Ligature  of  the  common  carotid  and  the  internal  carotid  was 
practised  once,  with  a  cure  (Thierry). 

In  the  same  list  of  cases  (de  Schweinitz-Holloway  series),  thirty-four 
ligatures  of  the  common  carotid  on  one  side  are  recorded,  with  cure  or 
improvement  in  seventeen,  or  50  per  cent.,  recurrence  in  seven,  or  20.5  per 
cent.,  negative  results  in  six,  or  17.6  per  cent.,  and  deaths  in  four,  or  11.7 
per  cent.  In  two  other  cases  ligature  of  the  common  carotid  was 
followed  by  death,  but  the  fatal  result  was  not  due  directly  to  the 
operation.  In  one  of  these  cases  reported  by  Barnard  and  Rugby,  after 
carotid  ligature  pulsation  disappeared  on  the  tenth  day,  but  owing  to  the 
presence  of  a  brain  abscess  (the  original  injury  having  been  a  revolver 
wound),  a  craniotomy  was  performed  two  months  later,  which  was  the 
direct  cause  of  the  patient's  death.  In  another  case  three  months  after 
the  ligature  the  patient  committed  suicide. 

The  statistics  just  quoted  may  be  compared  with  those  which  have 
been  recorded  prior  to  the  beginning  of  the  de  Schweinitz-Holloway 
series,  and  which  are  quoted  from  Reuchlin's  monograph,  as  follows: 
Among  one  hundred  and  sixteen  cases  of  ligature  of  the  common  carotid, 
cure  or  essential  improvement  resulted  in  eighty,  or  68.8  per  cent.,  neg- 
ative results  in  twenty-five,  or  21.5  per  cent.,  and  death  in  eleven,  or  9.5 
per  cent.  If  Reuchlin's  results  and  those  developed  by  the  analysis  of 
the  sixty-nine  cases  to  which  reference  has  already  been  made  are  added 
together,  the  result  is  as  follows:  Ligature  of  the  common  carotid  one 
hundred  and  fifty  cases,  with  cure  or  improvement  in  ninety-seven,  or  64.6 
per  cent.,  failure  in  thirty-eight,  or  25.3  per  cent.,  death  in  fifteen,  or  10 
per  cent. 

It  is  therefore  evident  that  while  ligature  of  the  external,  internal,  and 
common  carotid  has  been  practised  for  the  relief  of  pulsating  exophthalmos 
by  various  surgeons,  the  last-named  vessel  has  most  often  been  submitted 
to  this  operation. 

Reid  prefers  ligature  of  the  external  and  internal  carotid,  as  he  believes 
that  this  procedure  diminishes  the  chance  of  the  re-establishment  of  the 
circulation  through  the  external  carotid.  In  the  series  previously  quoted 
(de  Schweinitz-Holloway  series)  this  operation  was  performed  six  times, 
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with  one  cure,  two  improvements,  one  recurrence,  one  negative  result, 
and  one  death;  results,  it  would  seem,  which  do  not  indicate  that  this 
procedure  should  be  preferred  to  ligation  of  one  or  both  common  carotids. 

Independently  of  any  wound  complications,  ligature  of  the  common 
carotid  and  of  the  other  larger  blood-vessels  of  the  neck  may  give  rise  to 
disturbance  of  the  central  nervous  system,  which  usually  manifests  itself 
as  a  partial  or  complete  hemiplegia,  often  associated  with  aphasia.  Thus, 
in  thirty-four  ligatures  of  the  common  carotid  already  referred  to 
brain  symptoms  occurred  five  times  after  ligature  of  the  common  carotid, 
once  after  ligature  of  the  common  and  internal  carotid,  and  once  after 
ligature  of  the  external  and  internal  carotid.  Wood's  patient  was 
irritable  and  excited  and  his  speech  was  thick,  Brandes'  patient  suffered 
from  left  hemiplegia.  Barley's  patient  from  paresis  and  numbness  of  the 
left  upper  extremity,  and  Jack  and  Verhoeff's  patient  developed  hemi- 
plegia and  a  delirium  which,  with  a  few  normal  intervals,  persisted  until 
her  death.  Other  cases  of  like  nature  might  be  quoted,  and  if  to  the  five 
cases  already  referred  to  are  added  similar  ones  reported  by  Sattler,  Keller, 
and  Reuchlin,  it  will  be  found  that  approximately  9  per  cent,  of  the  total 
number  of  cases  of  ligature  of  the  common  carotid  have  been  associated  with 
one  or  other  form  of  cerebral  disturbance.  Embolism  of  the  central  artery 
of  the  retina  has  also  followed  ligature  of  the  common  carotid  (Siegrist). 

In  a  certain  number  of  cases  of  traumatic  pulsating  exophthalmos  in 
which  ligature  of  one  carotid  has  failed  to  cure  the  disease,  the  vessel  upon 
the  opposite  side  has  been  tied.  Among  the  total  number  of  cases  thus 
far  reported,  namely,  three  hundred  and  thirteen,  there  have  been  ten 
double  ligatures.  None  of  these  double  ligatures  has  been  simultaneous, 
the  intervals  between  the  operations  having  been  from  twenty-four  hours 
to  fourteen  months.  The  results  are  as  follows:  cured  or  improved,  six; 
failures,  two;  deaths,  two.  No  double  ligatures  have  been  performed 
for  the  relief  of  spontaneous  pulsating  exophthalmos. 

Orbital  Operations. — Although  the  importance  of  the  ophthalmic 
vein  in  its  relation  to  pulsating  exophthalmos  was  appreciated  by  early 
observers,  and  Lansdown,  in  1873,  on  the  suggestion  of  Charles  Higgens 
ligated  successfully  dilated  vessels  at  the  inner  angle  of  the  orbit ,  it  appears 
that  Henry  D.  Noyes,  in  1881,  was  the  first  surgeon  to  publish  in  extenso 
a  cure  of  this  condition  by  an  orbital  operation,  the  exophthalmos  and 
pulsation  having  been  of  spontaneous  origin.  He  tied  what  he  believed 
to  be  the  inferior  orbital  vein  without  interfering  with  the  carotid. 

Woodward  in  1894,  after  a  recurrence  following  a  carotid  ligature  per- 
formed five  months  previously,  ligated  two  pulsating  arteries  at  the  inner 
angle  of  the  orbit,  with  perfect  result. 

In  1897  Szimanowsky,  after  a  failure  of  ligation  of  one  carotid,  sug- 
gested ligation  of  the  distended  superior  ophthalmic  vein,  and  at  about 
the  same  time  Golowin,  unacquainted  with  Szimanowsky's  suggestion, 
resorted  to  primary  bilateral  ligature  of  the  superior  ophthalmic  vein  for 
the  relief  of  what  he  considered  to  be  an  atypical  case  of  pulsating  exoph- 
thalmos. Since  that  time  Lasarew  and  Boden  and  DoUinger  have  ligated 
and  resected  with  success  the  superior  ophthalmic  vein,  previous  ligature 
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of  the  common  carotid  having  been  unsuccessful,  and  in  1899  Golowin 
obtained  a  cure  in  a  traumatic  case  following  ligature  of  the  superior 
ophthalmic  vein  after  resection  of  the  outer  orbital  wall.  In  this  case 
there  was  no  ligature  of  the  common  carotid. 

Still  later,  Wiesinger  performed  the  same  operation  with  a  cure  after 
failure  of  compression  and  ligation  of  the  common  carotid.  As  a  primary 
operation  Sattler  has  successfully  Ugated  and  resected  the  left  superior 
ophthalmic  vein. 

In  a  series  of  cases  analyzed  by  myself  and  HoUoway,  sixty-nine 
in  number,  there  were  six  orbital  operations,  which,'  briefly  sunmiar- 
ized,  are  as  follows:  (1)  Ligature  and  excision  of  a  portion  of  the  superior 
ophthalmic  vein,  with  cure  after  failure  of  direct  compression  to  the  local 
swelling,  compression  of  the  carotid,  and  ligation  of  the  common  carotid 
(Schwalbach) ;  (2)  ligation  of  the  angular  vein,  with  cure  after  failure 
following  Ugation  of  the  common  carotid  and  subsequent  ligation  of  the 
external  and  internal  carotid  on  the  same  side  (Burghard  and  Pritchard)  ; 
(3)  ligation  of  the  superior  ophthalmic  vein  and  extirpation  of  the  venous 
ectasia,  with  cure  after  failure  of  local  compression  of  the  mass  and  ligation 
of  the  common  carotid  (Wiesinger) ;  (4)  excision  of  a  portion  of  the  supe- 
rior ophthalmic  vein  as  the  primary  procedure,  with  cure;  prior  to  the 
operation  the  common  carotid  was  exposed  in  order  that  it  could  be  ligated 
if  necessary  (Sattler);  (5)  excision  of  the  much-distended  superior  oph- 
thalmic vein  with  cure,  after  failure  of  ligation  of  the  external  carotid  and 
ligation  of  the  common  carotid  (Gifford).  In  three  cases  there  were  orbital 
operations,  all  resulting  in  cure,  in  which,  however,  there  was  no  excision 
of  this  superior  ophthalmic  vein.  In  one,  after  dissection  of  the  orbit,  the 
ophthalmic  artery  was  ligatured,  the  patient  having  had  an  aneurism, 
partially  extraorbital,  of  this  artery  (Lewis).  In  another,  a  mass  of 
orbital  tissue  which  projected  from  the  orbit  and  the  inner  surface  of  the 
lower  lid  near  the  interior  canthus  was  extirpated,  and  a  cure  resulted  after 
repeated  hemorrhages  from  this  mass  had  followed  ligation  of  the  external 
and  internal  carotid  and  the  lingual  and  facial  branches  (Lambert) ;  in  a 
third  case  deep  incisions  were  made  into  the  orbit,  and  nothing  else  was 
done.  It  is  possible  that  in  the  last  two  of  these  cases  the  operation  may 
have  had  some  influence  in  producing  the  formation  of  a  thrombus,  or 
that  they  should  be  regarded  as  spontaneous  cures. 

Thus,  excluding  Golowin's  first  case,  which  was  atypical,  it  is  evident 
that  among  thirteen  cases  of  orbital  operation,  but  three  of  them  were 
concerned  with  arterial  ligature,  and  one  of  these  was  associated  with  a 
simultaneous  venous  ligature,  while  in  another  it  is  possible  that  the 
vessels  ligated  belong  to  the  venous  system.  The  superior  ophthalmic 
vein  was  ligated  seven  times,  the  inferior  ophthalmic  vein  once,  the  angular 
vein  once,  and  the  smaller  orbital  veins  twice.  Of  these  cases  all  were  of 
traumatic  origin  except  those  reported  by  Noyes,  Woodward,  and  Lasarew. 
In  so  far  as  I  have  been  able  to  ascertain,  all  operations  which  have 
been  performed  on  the  orbit  which  have  included  ligature  and  resection 
of  the  superior  ophthalmic  vein  have  been  successful.  It  would  seem 
that  this  procedure  should  be  considered  before  Hgature  of  the  common 
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carotid,  with  its  mortality  of  10  per  cent,  and  failure  of  24  per  cent.,  is 
resorted  to,  and  certainly  should  precede  ligature  af  the  second  common 
carotid,  provided  the  first  operation  has  failed  to  produce  the  desired 
result.  If  a  distended  vein  can  be  felt  in  the  orbit,  as  Giflord  points  out, 
it  should  be  the  operation  of  choice.  Thus  far  no  ultimate  unfavorable 
results  have  followed  the  operation,  but  in  three  cases  there  have  been 
temporary,  somewhat  alarming  ''brain  symptoms,''  with  headache  and 
slow  pulse,  due  probably  to  extension  of  the  venous  thrombosis  into  the 
cranial  cavity.* 

Compression  of  the  Common  Carotid. — In  the  list  of  sixty-nine 
cases  collected  by  myself  and  Holloway  compression  of  the  common 
carotid  was  resorted  to  twelve  times,  with  one  cure,  three  improvements, 
and  eight  negative  results;  a  direct  compression  of  the  venous  swelling 
is  reported  three  times  without  result.  In  sixty-eight  cases  of  digital 
compression  collected  by  Reuchlin,  there  were  fifteen  cures  (or  22.1  per 
cent.)  and  fifty-two  failures  (or  76  per  cent.).  This  procedure  achieves 
its  best  results  in  the  cases  of  spontaneous  origin,  and  if  practised  prior 
to  ligature  may  lessen  subsequent  heart-strain  by  partially  establishing 
a  collateral  circulation. 

Gelatin  injections  have  been  employed,  and  one  case  is  reported 
as  cured  by  Reynier  after  a  recurrence  which  followed  ligation  of  the 
common  carotid. 

The  administration  of  drugs  has  been  resorted  to  by  some  surgeons, 
for  example,  potassium  iodid  and  calcium  chlorid  (Evans) ;  potassium  iodid 
and  the  local  use  of  adrenalin  (Gasparini) ;  trional  and  bromid,  together 
with  the  use  of  cold  compresses  and  leeches  (Punzo,  who  was  himself 
the  subject  of  this  disease) .  Although  iodid  of  potassium  has  often  been  re- 
commended (the  Tufnell  treatment), its  results  are  not  encouraging,  neither 
is  the  use  of  bandages,  leeches,  and  the  galvanic  current  likely  to  be  of 
service.    Electrolysis  and  the  injection  of  the  salts  of  iron  are  not  advisable. 

In  a  few  instances  spontaneous  cure  has  occurred,  and  in  certain  other 
cases  in  which  a  cure  is  attributed  to  remedies  so  trivial  in  their  action  that 
it  is  difficult  to  believe  that  they  themselves  could  have  had  any  posi- 
tive result,  the  same  explanation  is  applicable.  One  of  these  spontaneous 
cures,  or  probable  spontaneous  cures,  occurred  two  years  and  eleven 
months  after  ligature  of  the  right  common  carotid  and  left  internal  carotid, 
which  was  followed  by  some  improvement,  and  another  ten  and  one-half 
years  after  the  accident,  the  preceding  treatment  having  been  digital  and 
mechanical  pressure. 

In  the  presence  of  true  pulsating  exophthalmos  surgical  procedures 
should  take  precedence,  and  time  is  probably  wasted  by  an  attempt  to 
cure  the  lesion  by  the  administration  of  drugs,  although  injections  of 
serum  gelatin  may  be  considered  if  the  presence  of  an  aneurism  of  the 
ophthalmic  artery  is  known  to  exist. 

*  In  1874  Rivington  injected  5  minims  of  the  chlorid  of  iron  into  a  venous  mass 
which  was  present  in  his  patient  with  exophthalmos.  A  small  coagulum  formed  in 
the  ophthalmic  vein.  There  was  much  local  pain,  sick  headache,  and  vomiting. 
The  common  carotid  was  subsequently  and  successfully  ligated  to  complete  the  cure. 
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Of  the  ligations  of  the  neck  arteries  the  best  results  follow  ligature  of  a 
common  carotid.  K  this  fails  to  relieve  or  cure  the  symptoms  before  the 
second  carotid  is  tied,  the  operation  of  dissecting  out  and  tying  the  dis- 
tended superior  ophthalmic  vein  should  be  tried. 

If  there  is  a  distinct  venous  swelling  in  the  orbit,  with  evident  disten- 
tion of  the  angular  or  superior  ophthalmic  vein,  the  operation  of  choice 
should  be  isolation,  ligature,  and  resection  of  this  venous  channel,  in- 
asmuch as  thus  far,  although  the  operations  are  few  in  number,  they 
have  been  uniformly  successful. 


THE  EYEGROUND  AS  A  MEANS  OF  DIAGNOSIS  OF  INTRACRANIAL 

LESIONS. 

The  ocular  signs  of  tumor  of  the  cerebrum  and  of  the  cerebellum  are 
chiefly  concerned  with  changes  in  the  fundus  ocuU,  particularly  the  nerve- 
head,  and  in  less  important  degree  with  anomalies  of  the  visual  field,  the 
pupillary  reflexes,  the  external  ocular  muscles,  and  the  movements  of  the 
eyeball.  Of  these  conditions,  papillitis  or  choked  disc  is  the  most 
important,  and  to  its  manifestations  and  significance  the  present  para- 
graphs are  Umited. 

The  Frequency  of  Papillitis  or  Choked  Disc.— Papillitis  or 
choked  disc,  headache  excepted,  is  the  most  common  general  symptom 
of  tumor  of  the  brain.  To  state  with  entire  accuracy  the  frequency 
of  its  occurrence  is  not  possible,  because  the  available  material  represents 
examinations  of  the  eyeground  at  different  stages;  hence  absence  of 
choked  disc  at  one  examination  does  not  exclude  its  presence  at  a  sub- 
sequent one.  The  average  frequency  of  papillitis  in  brain  tumor,  as 
recorded  by  Oppenheim,  Gowers,  C.  P.  Knapp,  Dana,  Bernhardt, 
Martin,  Bramwell,  and  Weeks,  is  78.2  per  cent.  Higher  percentages, 
however,  are  found  in  individual  series;  for  example,  Oppenheim,  82  per 
cent.,  Annuske  and  Reich,  95  per  cent.,  Kampherstein,  80  per  cent.  In 
my  experience  this  symptom  has  been  present  in  fully  85  per  cent,  of  the 
cases  examined. 

An  important  analysis  of  six  hundred  and  one  brain  tumors  by  J.  M. 
Martin  indicates  that  of  neoplasms  in  which  optic  neuritis  (papillitis) 
was  present  at  some  time  in  the  course  of  the  disease,  those  which  involved 
the  corpora  quadrigemina  and  the  crura  yielded  the  highest  percentage, 
namely,  100;  tumors  of  the  cerebellum  and  of  the  parieto-occipital  region 
gave  a  percentage  of  89;  new-growths  of  the  frontal  (and  those  denominated 
general)  furnished  a  percentage  of  84;  tumors  of  the  basal  ganglia  a  per- 
centage of  75;  of  the  pons  and  the  medulla  and  of  the  temporo-sphenoidal 
lobes  a  percentage  of  68;  of  the  centrum  ovale  a  percentage  of  67;  of  the 
pituitary  body  a  percentage  of  65;  of  the  motor  area  a  percentage  of 
62;   of  the  corpus  coUosum  a  percentage  of  46. 

Among  seventy-six  cases  of  brain  tumor  associated  with  choked  disc  in 
which  an  autopsy  was  made  Kampherstein  found  the  situation  of  the 
neoplasm  to  be  as  follows:  Frontal  lobe,  twelve  times;  temporal  lobe,  six 
times;  parietal  convolutions,  four  times;  occipital  lobe,  five  times;  epiph- 
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ysis,  twice;  third  ventricle,  twice;  corpus  callosum,  three  times;  optic 
thalamus,  twice;  corpora  quadrigemina,  seven  times;  hypophysis,  three 
times;  fourth  ventricle,  once;  peduncle  of  the  cerebellum,  twice;  cere- 
bellum, twenty-three  times. 

J^she  Paton  has  analyzed  the  records  of  two  hundred  and  two  con- 
secutive cases  of  brain  tumor  observed  in  the  National  Hospital  (Queen's 
Square),  in  one  hundred  and  forty-eight  of  which  the  presence  of  the 
tumor  was  established  by  autopsy  or  operation.  Optic  neuritis  (choked 
disc)  was  present  in  one  hundred  and  twenty-five  cases;  in  twelve  the 
neuritis  was  exceedingly  slight,  while  in  twenty-seven  atrophy  of  the  optic 
nerve  had  already  begun  when  the  case  was  examined.  In  thirty-eight 
cases  there  was  no  sign  of  intraocular  optic  neuritis,  and  the  large  majority 
of  these  cases  were  associated  with  subcortical  or  pontine  tumors. 
Paton's  investigations  indicate  that  in  tumors  of  the  cerebral  cortex  the 
intensity  of  the  nerve-head  change  appears  to  vary  inversely  with  the 
distance  of  the  growth  from  the  anterior  pole  of  the  middle  fossa. 

Date  of  Occurrence  and  Character  of  the  Nerve-head  Changes. 
— It  is  not  possible  to  state  accurately  how  soon  after  the  develop>- 
ment  of  an  intracranial  tumor  choked  disc  may  appear.  Sometimes  the 
whole  process,  from  the  beginning  of  the  papillitis  to  its  complete  elabor- 
ation, occupies  a  few  weeks;  more  often  several  months  (Bruns).  In  a 
patient  under  my  observation  papillitis  did  not  arise  until  a  week 
before  his  death,  although  all  the  symptoms  of  brain  tumor  had  been 
present  for  more  than  a  year.  Usually,  therefore,  an  intracranial  tumor 
must  have  existed  for  some  time,  and  the  increased  intracranial  tension 
or  brain  irritation  for  a  definite  period  before  papillitis  or  choked 
disc  is  evident,  and,  should  the  growth  be  situated  in  the  pons,  the  medulla, 
or  the  corpus  callosum,  if  the  disc  changes  do  not  fail  to  appear  entirely, 
they  are  apt  to  be  late  in  development,  as  they  are  also,  to  a  certain  extent, 
in  tumors  of  the  frontal  lobe  and  parietal  convolutions.  According  to 
Paton,  the  development  of  neuritis  with  subcortical  tumors  generally 
indicates  extension  of  the  growth  to  the  gray  matter  of  the  cortex  or  of  the 
base,  and  with  pontine  tumors  to  that  of  the  cerebellum.  Brain-tumor 
optic  neuritis*  is  a  comparatively  early  symptom,  if  the  visual  tracts  at  the 
base  of  the  brain  are  involved  and  it  develops  rapidly  in  cerebellar  growths. 
Indeed,  in  the  words  of  Marcus  Gunn,  intense  double  optic  neuritis,  with 
great  engorgement  of  the  papillte,  coming  on  quickly,  suggests  a  cerebellar 
neoplasm.  In  experimental  papilledema  the  changes  may  appear  at  an 
eariy  date. 

In  a  certain  number  of  cases  it  is  possible  to  watch  the  development  of 
neuritis  from  its  very  earliest  stages.  The  first  symptom  is  increased  red- 
ness of  the  disc  and  obscuration,  usually  of  its  upper  and  lower  borders, 
associated  with  a  certain  turgescence  and  inequality  of  the  venous  circu- 
lation and  beginning  loss  of  the  "light  spot."  Occasionally  the  nasal 
border  is  earlier  and  more  obscured  than  the  other  margins  in  the  form 

*  Gunn  employs  the  term  "tumor  papillitis."  J.  Herbert  Parsons  suggests  the 
use  of  the  term  "papilledema"  to  replace  "choked  disc"  (Stauungspapille). 
Gushing  prefers  to  retam  the  name  "  choked  disc." 


PLATE  VIll. 


Optic  Nettritis  (Choked  Disc)  and  Macular  Changes,  FRONf  a  Patient  with 
Tumor  of  the  Cerebellum,  in  the  Service  of  Drs.  Mills  and  Frazier  at 
the  University  Hospital,  Philadelphia. 
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of  the  so-called  hemineuritis.  Usually  within  a  week,  the  obscuration 
of  the  nerve  edges  increases  and  the  temporal  border  becomes  veiled, 
while  a  distinct  swelling  of  the  nerve-head  appears  and  the  darkness 
and  tortuosity  of  the  veins  is  decidedly  more  manifest.  At  this  period 
the  difference  in  level  between  the  top  of  the  swelling  papilla  and  the 
eyeground  is  usually  not  more  than  1.5  or  2  D.  Within  the  next  week 
there  is  complete  loss  of  the  Ught  spot  and  complete  obscuration  of 
the  disc,  the  sweUing  increases,  assumes  a  mound  shape  of  mixed  grayish- 
red  color,  and  finally  the  form  of  the  disc  is  entirely  lost  and  its  position 
can  be  inferred  only  by  the  convergence  of  the  vessels.  Not  infrequently 
at  this  stage,  and  indeed  at  an  earlier  one,  linear  hemorrhages  appear  in 
the  immediate  neighborhood  of  the  disc  or  on  its  swollen  surface.  The 
arteries,  smaller  than  normal,  pursue  a  moderately  straight  course  and 
are  difficult  of  recognition,  being  partly  concealed  by  the  swelling.  The 
veins  are  dark  in  color,  distended  and  tortuous,  and  pass  along  the  slope  of 
the  elevation,  often  dipping  into  the  infiltrated  tissue. 

The  height  of  the  papillitis  varies,  usually  between  3  and  6  diopters. 
Occasionally  it  is  as  high  as  8  or  even  10  diopters. 

At  some  periods  of  choked  disc,  especially  in  the  later  stages,  there 
may  be  very  great  increase  in  the  number  of  hemorrhages,  both  on  and  in 
the  immediate  neighborhood  of  the  disc.  Exudates  may  also  appear,  white 
or  yellowish-white  in  color,  and  white  patches  develop  in  and  on  the 
swollen  disc. 

To  distinguish  a  true  beginning  neuritis  or  a  congestion  with  edema 
from  a  "  spurious  optic  neuritis,"  or  so-called  "  hyperopic  disc/*  as  it  occurs 
in  association  with  refractive  error  is  often  most  difficult.  There  is,  how- 
ever, in  the  l)eginning  of  the  nerve-head  changes  of  brain  tumor  a  certain 
quality  which  pseudoneuritis  does  not  possess.  The  blurring  of  the  disc 
edges  is  more  complete,  and  even  with  the  indirect  method  of  examination 
the  obscured  margins  are  with  difficulty  seen;  the  surface  congestion  is 
more  decided;  the  retinal  veins,  often  only  one  division  of  them, 
are  darker,  more  distended,  and  more  unevenly  tortuous,  indeed, 
decided  tortuosity  of  the  retinal  veins,  especially  of  one  or  two  of  the 
larger  branches,  may  appear  before  any  obscuration  of  the  disc. 
A  swelling  of  at  least  3  D.  should  exist  before  the  name  "choked  disc" 
is  permissible. 

Ophthalmoscopic  examination  is  not  always  made  during  the  period 
of  typical  choked  disc;  patients  may  come  after  the  evidences  of 
inflammation  and  edema  have  begun  to  subside — at  the  period,  in 
other  words,  when  the  veins  grow  less  distended,  new  hemorrhages  do 
not  appear,  previously  obscured  vessels  reappear,  and  the  swollen  nerve- 
head  begins  to  be  depressed  and  the  grayish-red  tint  of  the  prominence 
becomes  more  uniformly  gray  and  grows  paler.  The  temporal  edge  of  the 
disc  is  the  first  to  appear,  and  gradually  the  other  margins  emerge  from  the 
obscuration.  Finally,  all  edges  of  the  discs  are  clear,  and  the  well-known 
symptoms  of  post-papillitic  atrophy  are  present,  quite  distinguishable 
from  either  a  primary  or  a  secondary  atrophy  by  the  presence  of  the  tissue 
which  fills  in  the  center  of  the  disc  and  obscures  the  lamina  cribrosa 
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SO  prominently  visible  at  the  bottom  of  the  shallow  cupped,  primarily 
atrophic  discs.  Both  sets  of  vessels,  too,  are  contracted  and  streaked 
with  infiltrated  perivascular  sheaths.  Areas  of  retinochoroiditis  and 
patches  of  white  marking  the  spots  of  former  hemorrhages  are  often  ap-p 
parent. 

In  rare  instances  a  second  attack  of  choked  disc  takes  place,  that  is, 
after  the  original  swelling  of  the  disc  has  disappeared.  The  tendency  of 
papillitis  is  to  cause  atrophy  of  the  nerve,  but  it  may  remain  stationar>'  for 
long  periods  of  time  and  finally  disappear  without  leaving  a  trace  of  its 
presence.  Naturally,  as  Oppenheim  points  out,  such  a  state  of  affairs 
could  be  expected  only  if  the  original  disease  subsides,  or  there  is  relief 
of  intracranial  pressure  by  trephining.  Exceptionally,  however,  as  he 
notes,  the  original  disease  continues,  but  the  edema  and  swelling  sub- 
side. 

In  place  of  choked  disc  as  a  sign  of  brain  tumor,  optic  nerve  atrophy 
itself  without  indications  of  pre-existing  neuritis  or  papilledema  may 
appear.  This  is  particularly  true  in  the  case  of  basal  tumors,  for  example, 
of  the  hypophysis,  and  depends  upon  direct  compression  of  the  chiasm, 
the  optic  nerve  tracts,  or  the  optic  nerves  themselves.  It  may  also  be  pro- 
duced by  bulging  of  the  lateral  ventricles  and  the  pressure  thus  exerted  by 
them.  This  is  the  so-called  secondary  atrophy.  The  color  of  the  disc  is 
gray  and  assumes  a  tint  not  unlike  that  of  primary  or  progressive 
atrophy.  More  often  the  color  of  the  disc  is  whiter  than  in  gray  atrophy. 
Both  sets  of  vessels  are  contracted.  This  secondary  atrophy  must  be 
distinguished  from  the  consecutive  or  post-papillitic  atrophy,  to  which 
reference  has  already  been  made.  In  a  certain  number  of  cases  there  is 
a  period  of  congestion  of  the  discs  preceding  the  atrophy,  which  may  or 
may  not  have  been  observed. 

The  papillitis  of  intracranial  tumor  is  sometimes  unilateral,  and  where 
there  is  a  one-sided  choked  disc,  or  a  marked  difference  between  the  two 
sides,  it  is  suggestive  of  the  fact  that  the  cerebrum  is  the  seat  of  the  growth, 
and  on  the  whole  in  favor  of  the  tumor  being  on  the  same  side  as  the  excess 
of  neuritis.  J.  M.  Martin's  investigations  on  this  subject  are  important  and 
show  that  the  seat  of  the  lesion  is  probably  on  the  side  on  which  the 
nerve-head  change  is  more  marked  in  the  proportion  of  71  to  29.  Al- 
though unilateral  choked  disc,  or,  more  accurately,  excess  of  papilledema 
on  one  side,  occurs  in  tumors  of  the  cerebellum,  it  is  a  much  less  common 
symptom  than  in  the  cerebral  cases.     (Compare  with  page  943.) 

Retinal  Changes. — A  ver>'  interesting  appearance  is  the  so-called 
macular  figure,  in  other  words,  a  lesion  simulating  that  seen  in  albumi- 
nuric retinitis.  It  is  said  to  be  more  frequent  in  cerebellar  growths,  but 
has  been  observed  a  number  of  times  with  tumors  having  other  situations. 
The  most  perfect  figure  of  this  kind  noted  by  me  occurred  with  a 
subcortical  tumor  in  the  parieto-occipital  region. 

In  thirty  cases  of  tumor  reported  by  I^slie  Paton  these  macular 
changes  were  noted  five  times — one  frontal  case,  one  parietal  case,  two 
cerebellar  cases,  and  one  extracerebellar  case.  Kampherstein  found  eight 
times  in  his  two  hundred  cases  of  choked  disc  (one  hundred  and  thirty- 


PLATE  IX. 


PosT-PAPiLLiTic  Atrophy  and  Widespread  Perivasculitis,  from  a  Patient 
WITH  Tumor  of  the  Cerebellum,  in  the  Service  of  Drs.  Mills  and  Frazier 
AT  the  University  Hospital,  Philadelphia. 
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four  of  these  were  brain  tumor  cases)  involvement  of  the  macula,  but  only 
once  a  typical  star  figure,  such  as  is  seen  in  retinitis  albuminurica.  There- 
fore, the  macular  involvement  is  not  always  a  star  figure,  due  probably  to 
edematous  infiltration,  and  is  not  necessarily  associated  with  great  de- 
preciation of  vision,  but  may  be,  as  in  Kampherstein's  seven  other  cases, 
composed  of  smaller  and  larger  hemorrhages  or  irregular  white  plaques  of 
exudation.  Bruns  believes  that  these  yellowish-white  and  fatty  de- 
generated spots  intermixed  with  hemorrhages  are  of  serious  import. 

Other  retinal  changes  have  already  been  referred  to,  particularly  areas 
of  atrophy,  marking  the  position  of  former  hemorrhages,  sclerotic  patches 
in  the  retinal  vessels,  perivasculitis,  pigment-heaping,  which  are  in  no 
sense  significant  of  the  growth  itself  but  only  of  other  ocular  lesions  which 
have  accompanied  it. 

Visual  Acuteness. — Papillitis  or  choked  disc  caused  by  cerebral 
growths  is  perfectly  compatible  with  normal  acuteness  of  vision. 

An  interesting  fact  is  the  rarity  with  which  optic  neuritis  and  choked 
disc  occur  in  eyes  that  are  myopic.  In  one  notable  instance  with  a 
myopia  of  10  D.,  although  all  signs  of  brain  tumor  had  been  prominently 
present  for  nearly  two  years,  there  was  no  alteration  of  the  nerve-head  until 
ten  days  before  the  patient's  death. 

Differences  in  the  visual  acuteness  of  the  two  eyes  are  not  uncommon. 
The  vision  of  one  eye  may  be  normal,  while  that  of  the  other  may  be  only 
one-half  or  one-third  of  normal.  Usually  this  difference,  if  not  caused  by 
refractive  error,  depends  upon  the  degree  of  the  disc  lesions,  or  upon  post- 
neuritic changes.  A  considerable  atrophy  of  the  nerve  may  exist  in  one 
eye  and  no  apparent  atrophy  in  the  opposite  eye,  which  possesses  normal 
or  nearly  normal  vision.  In  cerebellar  growths  there  is  apt  to  be  early 
great  disturbance  of  vision,  and  blindness  may  follow  rapidly  if  the  con- 
dition is  unrelieved.  The  tendency  of  choked  disc  is  sooner  or  later  to 
cause  atrophy,  hence  the  necessity  of  early  interference  to  save  sight. 

Temporary  amaurosis  in  brain  tumor  is  a  sign  of  decided  im- 
portance. Although  the  visual  acuteness  in  the  presence  of  choked  disc 
may  be  entirely  normal,  or  reach  close  to  the  normal  standard,  the  patient 
may  have  periods  of  temporary  amaurosis  which  last  from  a  few  minutes 
to  a  few  hours,  and,  it  is  said,  may  continue  for  several  days,  to  be  followed 
by  a  restoration  of  the  visual  power  to  that  which  existed  prior  to  their 
occurrence.  They  are  probably  due  to  increased  intraventricular  pressure, 
which  extends  to  the  chiasm. 

Amblyopia  and  blindness  without  eyeground  changes  have  been  ob- 
served by  Curschmann,  Gerhardt  and  others,  and  have  been  attributed  to 
the  bulging  forward  of  the  floor  of  the  third  ventricle  and  pressure  upon 
the  chiasm. 

The  Effect  of  Operation  on  Choked  Disc  or  Papillitis.— The 
various  theories  which  have  been  advanced  to  explain  the  development 
of  papillitis  or  choked  disc  cannot  be  discussed  in  this  chapter.  In  gen- 
eral terms  it  may  be  stated  that  a  large  number  of  cases  of  papillitis 
represent  a  true  engorgement  edema,  and  that  the  e\'idence  of  inflam- 
mation, at  least  in  the  early  stages,  is  lacking.    Where  engorgement 
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edema  is  the  marked  feature  the  ophthalmoscope  reveals  the  typical 
picture  of  choked  disc.  In  some  cases,  however,  the  elevation  of  the  disc 
is  less  decided  and  the  inflammatory  condition  predominates,  the  process 
extending  to  the  retina,  where  exudates  and  hemorrhages  are  visible;  in 
other  words,  an  inflammatory  optic  neuritis  appears  to  be  present.  Kam- 
pherstein,  as  the  result  of  his  own  work  and  the  review  of  the  observations 
of  others,  declares  that  in  our  present  state  of  knowledge  there  can  be  no 
absolute  adherence  to  the  theory,  especially  championed  by  Schmidt- 
Rimpler  and  Manz,  usually  knowTi  as  the  lymph-space  theon^;  neither 
is  it  possible  to  explain  all  cases  by  assuming  a  descending  inflammation 
which  passes  from  the  lesion  in  the  brain  to  the  end  of  the  optic  nerve 
as  others  are  inclined  to  believe,  nor  by  adopting  the  theory  that  the  papil- 
litis it  not  the  product  of  an  edema,  but  is  an  inflammatory  afl^ection  in 
the  sense  that  fluid  distends  the  sheath  of  the  optic  nerve  and  possesses 
an  irritative  quality.  He  does  believe  that  the  condition  often  is  best 
explained  by  a  preceding  edema  of  the  brain  extending  through  the 
optic  nerve  to  the  lamina  cribrosa,  and  thus  causing  choking  of  the 
nerve-head.  As,  however,  the  percentage  of  eyes  in  which  there  is  neither 
edema  of  the  nerve  nor  distention  of  the  interspace  is  a  large  one,  it  is  im- 
possible to  accept  alone  the  mechanical  theory,  and  raised  pressure  suflS- 
ciently  maintained  must,  in  a  certain  number  of  instances  at  least,  be  the 
direct  cause  of  choked  disc.  Paton  regards  so-called  optic  neuritis  as 
a  local  manifestation  of  a  general  edema  of  the  cerebral  tissues  due  to 
tumor  irritation.  Merz,  basing  his  opinion  upon  experimental  evidence, 
declares  that  increased  intracranial  tension  alone  is  sufficient  to  produce 
choked  disc,  and  his  results  have  received  confirmation  in  the  recent 
work  of  Gushing  and  James  Bordley,  Jr.  As  Parsons  says:  "All  those 
who  have  had  opportunities  of  watching  the  extraordinary  effect  of  the 
relief  of  intracranial  pressure  upon  a  choked  disc  must  agree  that  no  theory 
which  leaves  this  element  out  of  account  requires  further  consideration." 

The  important  fact  remains,  no  matter  which  one  of  the  theories  is 
adopted,  that  there  may  be  a  subsidence  of  choked  disc  after  operation 
undertaken  with  a  view  to  the  removal  of  an  intracranial  tumor,  even  if 
the  tumor  is  not  removed.  In  other  words,  palliative  or  decompressing 
trephining  is  of  the  utmost  importance  and  is  an  operation  which  should 
be  practised  early.  Much  has  been  written  upon  this  subject,  notably 
by  Horsley,  Bruns,  Erb,  Taylor,  Saenger,  Mills,  Spiller,  Frazier,  Paton, 
Gushing,  and  others,  and  there  is  practical  accord  in  their  views,  viz., 
early  operation  should  be  practised,  and  time  employed  in  giving  drugs 
in  non-specific  cases  is  time  wasted.  Usually  there  is  no  very  decided 
change  in  the  swollen  nerve-head  after  trephining  in  which  the  dura  has 
been  opened,  or  after  the  removal  of  a  tumor,  until  the  seventh  to  the 
tenth  day;  although  decrease  in  the  general  distention  of  the  retinal 
circulation  may  be  evident  at  the  end  of  twenty-four  to  forty-eight  hours. 
A  marked  lessening  of  disc-engorgement  is  sometimes  evident  within 
the  first  two  days. 

After  this  period  there  is  gradual  subsidence  of  the  swelling,  from 
four  weeks  to  two  months  being  required  for  its  complete  disappeamnce. 
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The  ultimate  vision  may  be  (a)  better  than  that  which  existed  prior  to  the 
operation;  (b)  equal  to  that  which  existed  prior  to  the  operation;  (c) 
worse  than  that  which  existed  prior  to  the  operation.  Sometimes  total 
blindness  results,  if  the  defective  vision  has  existed  long  before  the  oper- 
ation, especially  if  much  blood  is  lost  during  the  surgical  procedure.  In 
the  cases  with  preservation  of  vision,  either  as  good  as  or  better  than  that 
which  the  patient  possessed  before  the  operation,  the  sight  may  be  better 
in  one  eye  than  the  other,  or  exceedingly  defective  in  one  eye  and  good  in 
the  other,  or  one  eye  may  be  blind  and  the  other  retain  or  regain  excellent 
vision. 

Naturally,  the  most  satisfactory  results  follow  the  reduction  of  great 
intracranial  pressure,  provided  the  choked  disc  has  not  so  long  existed 
that  it  has  already  destroyed  the  optic  nerve-fibers. 

In  a  certain  number  of  cases,  during  the  first  day  or  two  after  trephin- 
ing, there  may  be  a  slight  increase  in  neuritis,  or,  more  accurately,  a  slight 
increase  in  edema,  associated  with  fresh  hemorrhages.  This  is  apparently 
of  no  importance,  as  the  added  edema  and  fresh  hemorrhages  disappear 
in  the  subsequent  general  subsidence  of  the  swelling. 

A  matter  of  some  importance  which  I  have  noted  on  several  occar 
sions  is  temporary  depreciation  of  vision  within  the  first  week  after 
the  operation,  probably  due  to  shock,  perhaps  te  hemorrhage,  and  which 
is  apparently  of  no  importance  in  the  subsequent  restoration,  or  rather 
preservation,  of  vision,  provided  the  primary  vision  has  been  good  and 
the  papilledema  of  comparatively  short  duration.  In  cases,  however, 
in  which  very  little  vision  exists  prior  to  the  trephining,  for  example,  a 
vision  reduced  to  hand  movements,  or  even  light  perception  only,  this 
may  rapidly  disappear  after  trephining,  especially  if  there  has  been  much 
hemorrhage.  If  the  nerve-head  lesions  are  at  a  late  stage,  evident  by 
decreased  vascularity  of  the  swollen  papilla,  increasing  pallor  of  its  surface, 
and  markedly  diminished  caliber  of  the  central  retinal  vessels,  there  is 
little  use  of  performing  any  operation  in  the  hope  of  saving  sight  (Gunn). 
Therefore  it  is  important  to  interfere  early  and  relieve  the  intracranial 
tension  by  a  palliative  trephining  while  the  choked  disc  is  in  the  early 
stages  of  its  development.  Under  such  conditions  the  prognosis  quoad 
visum  is  most  favorable. 

Significance  of  Choked  Disc.— Although  the  presence  of  bi- 
lateral papillitis  or  choked  disc  is  highly  significant  of  cerebral  tumor,  of 
itself  it  possesses  no  distinct  localizing  importance.  In  this  connection, 
however,  it  is  proper  to  quote  from  J.  M.  Martin's  careful  analysis  of  six 
hundred  and  one  brain  tumors  that  so-called  optic  neuritis  is  constantly 
present  in  cases  of  tumor  of  the  corpora  quadrigemina,  that  it  is  present 
in  about  90  per  cent,  of  cases  of  tumor  of  the  cerebellum  and  posterior 
part  of  the  cerebrum,  and  that  it  is  absent  in  nearly  two-thirds  of  the  cases 
of  tumor  of  the  pons  and  medulla  and  of  the  corpus  callosum.  Unilateral 
choked  disc,  or  decided  excess  of  nerve-head  edema  in  one  eye,  is  usually 
believed  to  indicate  that  the  tumor  is  on  this  side.  Martin  shows  that  the 
seat  of  the  lesion  is  probably  on  the  side  on  which  the  choked  disc  is  more 
marked,  in  the  proportion  of  71  to  29.     Paton,  however,  thinks  this  sign 
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cannot  be  relied  upon,  although  it  is  respected  by  Gowers,  Horsley  and 
others.  According  to  Gunn,  in  the  majority  of  tumors  of  the  frontal  lobe 
there  is  homo-laterality  of  the  choked  disc,  but  in  tumors  further  back 
the  sign  has  little  diagnostic  value.  The  assertion  of  some  observers  that 
one-sided  engorgement  of  the  papilla  indicates  a  tumor  on  the  correspond- 
ing side  situated  in  the  temporal  lobes  is  emphatically  denied  by  Bruns. 
That  temporary  amaurosis  may  have  a  localizing  significance  and  indicate 
a  tumor  of  the  occipital  lobe,  as  stated  by  Bruns,  is  doubted  by  Oppenheim, 
and  is  contrary  to  my  experience.  Paton  found  the  symptom  most 
often  in  cerebellar  tumors.  No  positive  conclusions  as  to  the  size  of 
the  tumor  can  be  drawn  from  the  intensity  of  the  choking  of  the  disc, 
because  although  great  engorgement  edema  may  be  caused  by  a  large 
tumor,  the  reverse  is  sometimes  true,  and  a  small  tumor  may  be  associated 
with  great  swelling  of  the  nerve-head.  Sudden  increase  in  the  engorgement 
is  suggestive  of  sudden  increase  in  the  size  of  the  lesion  or  of  the  degree  of 
intracranial  pressure. 
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CHAPTER  LXVI. 

MILITARY  SURGERY, 

By  General  Robert  M.  O'Reilly,  M.D., 

WABHINOTON,   D.   C. 

Military  surgery,  in  its  broadest  sense,  deals  with  all  that  has  to  do 
with  the  care  of  the  wounded  in  war.  It  includes  their  treatment  on  the 
battlefield  and  at  the  first  station  of  assistance,  their  transportation  and 
care  along  the  lines  of  evacuation,  and  their  treatment  at  the  base  hos- 
pitals. Thus,  it  covers  all  provision  for  their  shelter,  transportation,  and 
medical  and  surgical  attendance  from  the  time  they  are  wounded  until 
their  final  discharge  or  return  to  duty. 

MiUtary  surgery,  therefore,  embraces  not  only  a  consideration  of 
surgery  proper  as  practised  in  time  of  war,  but  all  methods  of  organization, 
administration,  and  supply  connected  with  the  care  of  the  wounded. 
Many  of  the  details  of  organization,  administration,  and  supply  are, 
however,  equally  applicable  to  and  employed  for  the  care  of  the  sick  of 
the  army;  but  as  these  are  identical  with  the  means  employed  for  the 
care  of  the  wounded,  they  are  properly  considered  under  the  general  head- 
ing of  military  surgery.  Therefore  a  consideration  of  the  subject  divides 
itself  into  two  heads:  (a)  the  organization  and  administration  of  the 
medical  department;  (6)  military  surgery  proper,  which  specifically  deals 
with  the  wounds  received  in  war  and  their  treatment. 


ORGANIZATION  AND  ADMINISTRATION. 

In  early  days  the  duty  of  the  military  surgeon  was  almost  entirely 
confined  to  the  care  of  the  sick  and  wounded,  but,  with  the  advance  of 
medicine  and  surgery,  especially  along  the  lines  of  prevention  of  disease, 
the  functions  of  the  military  surgeon  have  been  extended  to  include  all 
matters  pertaining  to  the  preser\^ation  of  the  health  of  armies.  The 
military  surgeon  has  now  to  deal  with  all  matters  pertaining  to  the  sani- 
tation and  hygiene  of  troops,  as  well  as  their  entire  care  when  ill  or 
wounded.  In  consequence,  the  duties  of  a  militar}^  surgeon  are  of  an 
extremely  complex  and  technical  character  and  require  thorough  knowl- 
edge of  administrative  details  in  order  that  he  may  properly  accomplish 
the  work  required  of  him. 

The  work  done  by  a  military  surgeon  differs  in  many  respects  from 
that  of  his  civilian  confrere.  In  civil  Hfe  a  surgeon  has  usually  to  look 
after  only  the  medical  or  surgical  features  of  his  cases,  his  patients  being 
housed  in  hospitals  or  in  their  homes,  where  all  details  relative  to  their 
food,  shelter,  and  clothing  are  provided  for.     The  military  surgeon,  on  the 
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other  hand,  not  only  has  to  care  professionally  for  the  sick  and  wounded 
of  the  force  to  which  he  is  attached,  but  has  to  see  that  they  are  sheltered, 
fed,  and  clothed,  provided  with  medicines,  dressings,  and  attendance, 
and  transported  from  the  fidd  to  the  field  hospitals  and  thence  to  the 
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KEEN'S  SURGERY 

Vohime  IV  Ju»t  Ready-  Volume  V  Now  in  Pr*i» 

This  entirely  new  work,  consisting  of  five  octavo 
volumes,  covers  the  entire  field  of  surgery  in  a 
most  thorough  manner.  Aruuds  of  Surgery  says: 
"As  one  runs  over  the  names  of  the  contributors, 
from  Abb6  to  Young,  if  he  is  at  all  conversant 
with  the  men  who  are  the  leaders  in  the  surgical 
activities  and  problems  of  the  day,  he  can  but 
feel  that  they  represent  the  best  which  the  pres- 
ent generation  has  produced."  Indeed,  all  the 
authors  are  renowned  specialists  with  inter- 
national reputations,  accepted  as  authorities 
throughout  the  surgical  world,  so  that  every 
chapter  represents  a  complete  and  original  mono- 
graph by  an  auihorUy  of  recognized  eminence. 
The  Boston  MediaU  and  Sorgiad  JoarruU  sa3rs : 
"  The  book  excites  practically  unqualified  praise. 
All  the  pictures  are  sharp  and  clear  in  the 
smallest  details,  and  many  of  them  justify  super- 
lative commendation.  It  is  a  standard  authority 
upon  all  surgical  topics."  There  are  some  2500 
magm'ficent  illustrations  in  the  text,  besides  50 
colored  plates. 
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dacosta's  physical  diagnosis 

Dr.  John  C.  DaCosta,  Jr.'s  new  work  is  en- 
tirely new  and  origitial,  every  method  given 
having  been  tested  by  the  author.  The  intimate 
correlation  of  abnormal  physical  signs  with  their 
pathglogic  factors  i?  emphasized  throughout. 
Inspection,  palpation,  percussion,  and  ausculta- 
tion are  supplemented  by  description  of  technic 
and  clinical  utility  of  certain  instrumental  means 
of  research — blood-jwressure  estimation,  graphic 
study  of  arterial  and  venous  pulses,  exploratory 
puncture,  etc.  There  are  212  original  and 
practical  illustrations. 

By  John  C.  DaO^sta,  Jr.,  M.  D.  i-'"*^.  #350 n«. 

PARKER'S  REFRACTION  OF  THE  EYE 

Dr.  Parker  presents  a  complete  consideration 
of  refraction  of  the  eye  and  the  fitting  of  glasses. 
There  are  chapters  on  optics  and  optical  princi- 
ples, instruments  for  refraction,  asthenopic  symp- 
toms and  their  significance,  muscle  insufl&- 
ciencies,  strabismus,  including  Worth's  fusing 
treatment.  Each  variety  of  ametropia  is  con- 
sidered in  a  separate  chapter.  The  measure- 
ments for  the  adjustment  of  eye-glasses  and 
spectacles  are  considered.  The  text  is  fully 
illustrated  with  practical  pictures. 

0y  Harry  C.  Park«r.  M.  D  Cloth,  Ji.as  net. 
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other  hand,  not  only  has  to  care  professionally  for  the  sick  and  wounded 
of  the  force  to  which  he  is  attached,  but  has  to  see  that  they  are  sheltered, 
fed,  and  clothed,  provided  with  medicines,  dressings,  and  attendance, 
and  transported  from  the  field  to  the  field  hospitals  and  thence  to  the 
base  hospitals;  in  addition,  he  has  to  maintain  discipline  among  the 
patients  and  attendants,  attend  to  their  pay,  and  is  generally  accountable 
for  the  condition  of  the  hospitals  and  medical  equipment  under  his  charge. 
All  this  requires  that  he  should  be  thoroughly  familiar  with  the  way  of 
obtaining  supplies,  shelter,  and  clothing,  that  he  should  know  how 
properly  to  place  all  the  units  under  his  control,  and  be  familiar  with 
hospital  administration  and  with  the  official  channels  through  which  all 
the  things  required  by  the  sick  and  wounded  can  be  obtained.  A  surgeon, 
however  skilled  he  may  be  in  the  theory  and  practice  of  his  profession, 
when  attached  to  a  military  force  and  suddenly  confronted  with  the  many 
details  which  he  is  called  upon  to  supervise  and  determine,  will  fail  most 
lamentably  in  adequately  caring  for  the  sick  and  wounded  in  war  unless 
he  has  the  technical  knowledge  of  administrative  details  which  will  enable 
him  to  obtain  the  necessary  supplies,  shelter,  transportation,  and  attend- 
ance which  they  will  require.  Equally,  unless  he  is  versed  in  the  methods 
of  pre\'entive  medicine,  he  will  not  be  able  to  give  proper  sanitary  advice 
nor  properly  to  supervise  the  general  sanitation  and  hygiene  of  the  com- 
mand to  which  he  is  attached. 

In  the  United  States  the  regular  army  with  its  corps  of  trained  medical 
officers  is  but  a  moiety  of  the  force  employed  in  war.  On  the  outbreak 
of  hostilities  the  army  is  increased  by  volunteer  troops  whose  officers  are 
often  untrained  in  administrative  work.  When  technical  problems  per- 
taining to  supply  and  administration  which  require  training  and  ex- 
perience for  their  best  performance  confront  such  officers,  they  are  unable 
to  solve  them  properly,  and  there  is  consequently  inadequate  provision 
for  the  sick  and  for  sanitation  of  camps.  Only  by  careful  study  of  mili- 
tary surgery  in  its  larger  sense,  including  as  it  does  medico-military  ad- 
ministration and  the  application  of  medical,  surgical,  and  sanitary  knowl- 
edge to  the  conditions  which  obtain  in  armies  during  war,  can  a  surgeon 
prepare  himself  for  the  special  work  of  a  medical  officer. 

To  this  end,  in  the  United  States,  Congress  has  provided  for  the  in- 
struction of  medical  officers  of  the  National  Guard  of  the  different  States 
in  technical  military  duties  by  providing  for  their  attendance  at  the  Army 
Medical  School.  Officers  from  the  National  Guard  are  allowed  to  attend 
this  service  school,  and,  when  graduated  from  it,  they  carry  back  to  their 
regiments  the  knowledge  there  obtained,  so  that,  if  these  troops  enter  the 
field  as  volunteers,  their  medical  officers  may  be  able  to  properly  ad- 
minister their  departments.  In  the  United  States  this  is  one  of  the  most 
important  functions  of  the  Army  Medical  School,  and  one  which  it  is 
hoped  in  the  future  will  be  increasingly  recognized  and  used. 

It  will  be  impossible  in  the  brief  space  allotted  to  this  chapter  more 
than  to  point  out  the  general  lines  along  which  a  surgeon  must  work  in 
order  to  familiarize  himself  with  the  many  administrative  duties  required 
of  a  military  surgeon,  but  the  more  basic  facts  may  be  stated,  and,  for 
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purposes  of  study,  the  medical,  surgical,  and  sanitary  equipment  of  an 
army  may  be  grouped  under  two  general  heads:  (a)  personnel  and  (6) 
equipment. 

Under  personnel  are  included  the  individuals  comprising  the  medical 
department  (including  the  hospital  corps)  and  their  duties.  Under 
equipment  are  included  all  the  appliances  with  which  they  have  to  work, 
using  the  term  appliances  in  its  broadest  sense,  embracing  medicines, 
dressings,  hospital  furnishings,  tentage,  and  transportation. 

In  time  of  peace  the  personnel  and  equipment  are  usually  definitely 
fixed  upon  what  is  known  as  a  peace  footing,  the  personnel  and  equipment 
being  distributed  at  different  military  stations  according  to  the  needs  of 
the  service.  One  or  more  medical  officers,  a  certain  quota  of  enlisted 
men  of  the  hospital  corps,  and,  in  some  cases,  female  nurses  are  stationed 
at  established  military  posts.  At  these  posts  hospitals  are  provided  with 
an  equipment  similar  to  the  average  civil  hospital.  In  time  of  peace  the 
senior  surgeon  is  charged  with  the  supervision  of  the  sanitation  and  hy- 
giene of  the  command  where  he  is  stationed  and  with  the  administration 
of  the  hospital.  His  duties,  therefore,  combine  those  of  a  health  officer 
with  those  of  physician  and  surgeon,  and  the  enlisted  men  of  the  hospital 
corps  under  him  carry  on  the  nursing  and  other  work  of  the  hospital. 
In  war  a  different  status  and  order  of  duties  obtain.  These  will  be  con- 
sidered in  this  chapter  as  they  most  directly  pertain  to  what  may  properly 
be  called  military  surgery. 

PERSONNEL. 

In  the  United  States  Army  the  personnel  employed  in  the  care  of  the 
wounded,  as  well  as  of  the  sick,  consists  of  commissioned  officers,  contract 
surgeons  and  dentists,  enlisted  men,  female  nurses,  civilian  employees, 
and  officers  and  men  temporarily  on  duty  with  the  medical  department 
during  or  after  a  battle,  engaged  in  removing  the  wounded.  In  time  of 
war  this  force  is  supplemented  by  such  voluntary  aid,  including  that 
furnished  by  the  Red  Cross  Society,  as  may  work  with  the  medical  de- 
partment or  under  the  surgeon-general  of  the  army. 

The  commissioned  personnel  comprises  the  medical  officers  of  the 
regular  medical  department  of  the  army,  the  medical  officers  of  the  volun- 
teer forces  and  of  the  organized  militia  called  into  service,  and  such  officers 
of  the  fine  as  are  detailed  for  duty  with  the  medical  department  as  quarter- 
masters or  commissaries.  The  surgeons  under  contract,  though  not 
commissioned,  have  many  of  the  duties  and  responsibiUties  of  commis- 
sioned officers. 

The  non-commissioned  personnel  comprises  the  enlisted  men  of  the 
hospital  corps,  both  privates  and  non-commissioned  officers,  and  the 
enlisted  men  of  the  volunteer  forces  who  are  enlisted  in  or  detailed  to 
duty  with  the  hospital  corps. 

The  female  nurses  are  those  employed  in  the  nurse  corps  in  accordance 
with  the  Act  of  Congress  of  February  2,  1901,  which  provides  that  the 
nurse  corps  (female)  shall  consist  of  one  superintendent  and  such  chief 
nurses,  nurses,  and  reserve  nurses  as  may  be  needed.     These  nurses  are 
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appointed  or  removed  by  the  surgeon-general  with  the  approval  of  the 
Secretary  of  War.  Their  number  varies  according  to  the  exigencies  of 
the  service,  and  they  are  usually  employed  on  hospital  ships  and  at  the 
larger  base  and  general  hospitals. 

The  civilian  employees  include  all  civilians  hired  for  work  ss  clerks, 
drivers,  laborers,  or  scavengers. 

The  distribution  and  duties  of  the  personnel  in  the  field  depend  upon 
the  size  and  organization  of  the  force  to  which  they  are  attached.  It  is 
generally  estimated  that  six  medical  officers  are  required  for  each  one 
thousand  troops.     Of  these,  four  officers  are  required  at  the  front  with 

troops  and  two  are  needed  for  administrar  

tive  and  other  duties  at  the  base  or  else- 
where. 

For  eflBcient  service,  the  enlisted  men  of 
the  hospital  corps  should  number  at  least  5 
per  cent,  of  the  strength  of  the  army.  Four- 
fifths  of  these  should  be  attached  to  the 
troops  at  the  front  and  one-fifth  should  be 
distributed  for  service  at  the  rear,  at  the 
stationary  and  base  hospitals,  and  along  the 
lines  of  transportation. 

The  number  of  civilian  employees,  female 
nurses,  and  contract  surgeons  required  in 
war  can  rarely  be  accurately  determined, 
but  must  depend  upon  the  character  of  the 
campaign,  the  number  of  wounded  and  Uke 
conditions  which  vary  in  different  wars. 

The  Distribution  of  the  Personnel 
in  Time  of  War. — The  assignment  of 
duties  to  the  personnel  of  the  medical  de- 
partment depends,  first,  upon  the  organiza- 
tion of  the  fighting  force;  and,  next,  upon 
the  particular  necessities  relating  to  the  care, 
transportation,  and  supply  of  the  sick  and 
wounded,  which  vary  according  to  the  plan 
and  execution  of  the  campaign,  the  location 
of  the  seat  of  war,  and  the  character  of  the 
Unes  of  evacuation,  all  of  which  differ  in 

different  wars  and  therefore  require  some  modification  of  disposal  of  per- 
sonnel from  that  which  is  theoretically  correct.  The  general  basis  is, 
however,  usually  closely  adhered  to. 

For  medical  and  surgical  aid  the  basic  units  of  the  infantry  and  cavalry 
in  the  organization  of  a  modem  army  are  the  regiments.  The  units  of 
the  engineer  corps  are  the  battalions;  of  the  artillery,  the  batteries;  and 
of  the  signal  corps,  the  companies.  These  units  are  aggregated  into 
brigades,  these  into  divisions;  divisions  are  consolidated  into  corps, 
and  these  together  form  the  army. 

The  personnel  of  the  medical  department  of  the  United  States  Army 
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in  the  field  is  distributed  according  to  the  subdivisions  of  the  army  above 
given,  certain  of  the  officers  and  enlisted  men  being  assigned  for  duty 
directly  with  the  different  units  of  the  combative  force  as  above  named, 
and  others  are  assigned  to  duties  which  pertain  more  particulariy  to  the 
general  medical  administfation  of  the  brigades,  divisions,  and  corps  into 
which  the  units  are  aggregated. 

Thus,  there  are  the  regimental  medical  officers,  the  medical  officers 
attached  to  the  engineer  battalions,  the  batteries  of  artillery,  and  the 
companies  of  the  signal  corps.  In  addition  to  these  there  are  the  surgeons 
assigned  for  duty  at  the  brigade,  division,  and  corps  headquarters,  and 
the  enlisted  men  attached  for  duty  to  each  of  these  military  units,  as 
well  as  the  medical  officers  and  enlisted  men  of  the  ambulance  companies, 
the  field  and  base  hospitals,  and  those  distributed  to  the  supply  and 
transport  services  or  assigned  to  general  inspection  and  administrative 
duties. 

The  Medical  Personnel  and  Equipment  for  a  Regiment. — As  the 
regiment  of  cavalry  or  infantry,  the  battalion  of  engineers,  the  battery 
of  artillery,  and  the  company  of  the  signal  corps  are  the  smallest  units 
of  a  combative  force  supplied  with  medical  personnel  and  equipment, 
the  provision  for  aid  furnished  these  units  may  be  first  considered,  and 
in  doing  so  it  should  be  borne  in  mind  that  a  regiment  or  other  unit  may 
be  required  to  act  independently  or  in  combination  with  others,  accord- 
ing to  the  character  of  the  campaign  in  which  it  is  engaged. 

Wars  may  now  be  divided  into  two  main  groups:  (a)  war  between  two 
civilized  nations;  (6)  war  between  a  civilized  nation  and  a  semi-civilized 
nation  or  race.  In  war  between  two  civilized  nations  a  regiment  or 
other  unit  is  but  rarely  detached  for  service;  but  where  a  civilized  nation 
carries  on  a  campaign  against  a  semicivilized  or  savage  people,  as  in  our 
late  war  in  the  Philippines,  a  regiment,  or  a  battalion,  of  which  there  are 
three  in  a  regiment,  or  even  a  company,  of  which  there  are  four  to  each 
battalion,  may  be  detached  and  operate  alone.  Under  such  conditions  it 
is  necessary  that  the  regiment  or  detachment  have  a  supply  of  medical 
material  and  a  personnel  sufficient  to  care  for  its  sick  and  wounded  inde- 
pendent of  other  aid.  In  wars  between  civilized  nations,  as  regiments 
rarely  act  alone,  they  are  organized  into  brigades  and  divisions,  and  the 
medical  department  personnel  and  equipment  for  the  force  are  mostly 
aggregated  into  the  larger  units  of  the  field  hospital  with  its  ambulance 
company  section. 

In  the  United  States  army,  as  now  constituted  for  war,  each  cavalry 
regiment  consists  of  1286  officers  and  enlisted  men,  each  infantry  regi- 
ment has  1642  officers  and  enlisted  men,  each  battaUon  of  engineers  677 
officers  and  enlisted  men,  each  battery  of  light  artillery  164  officers  and 
enlisted  men. 

To  these  units  medical  personnel  is  assigned  as  follows:  To  each  regi- 
ment, three  medical  officers — one  major,  one  captain,  and  one  first  lieu- 
tenant; three  non-commissioned  officers  of  the  hospital  corps — one  ser- 
geant, first  class,  two  sergeants;  nine  privates  of  the  hospital  corps — three 
orderUes,  four  nurses,  and  one  driver:    to  each  battalion  of  engineers, 


PERSONNEL.  951 

two  medical  oflScers — one  captain  and  one  first  lieutenant;  two  sergeants 
and  six  privates:  to  each  battery  of  artillery  and  each  company  of  the 
signal  corps,  one  medical  officer — captain,  one  sergeant,  and  one  private, 
first  class. 

The  medical  equipment  for  these  temporary  units  consists  of  medical 
and  surgical  supplies  packed  in  regulation  chests,  field  furniture,  tentage, 
etc.  When  on  detached  service  a  "detached  service  chest"  is  issued  to  a 
regiment,  battalion,  or  small  organization  for  field  use.  This  chest  con- 
tains a  supply  of  medicine  in  the  form  of  tablets,  diagnostic  tags,  clinical 
thermometers,  a  small  operating  case,  and  the  more  commonly  required 
instruments,  dressings,  etc.  When  one  of  these  smaller  military  units 
is  detached  for  a  protracted  period,  a  regimental  hospital  or  other  suffi- 
cient medical  equipment  is  taken. 

The  Regimental  Hospital. — When  the  regiment  is  isolated  so  that 
patients  cannot  be  transferred  to  other  hospitals,  a  regimental  hospital 
with  capacity  for  caring  for  the  sick  of  the  regiment  is  provided.  The 
regimental  hospital  is  supplied  with  bedding,  food-chest,  medical  and 
surgical  chest,  dressings,  and  the  necessary  articles  for  the  care  of  the 
sick.  Six  hospital  tents,  two  for  wards  and  one  for  dispensary  and  operat- 
ing, and  three  for  the  use  of  the  attendants  and  non-commissioned  officers, 
are  furnished.  The  whole  equipment  requires  two  four-horse  wagons  for 
transportation  and  is  really  a  small  field  hospital.  The  two  tents  for 
wards  accommodate  twelve  patients,  but,  should  circumstances  demand, 
the  equipment  and  bed  capacity  may  be  increased  as  necessary. 

The  Regimental  Infirmary. — During  active  field  service  the  very 
ill  of  a  command  are  cared  for  in  the  field  hospital  or  are  sent  to  the  base 
hospitals  at  the  rear,  but  a  regimental  infirmary  is  provided  for  the 
temporary  protection  and  care  of  the  sick  of  the  command  while  on  the 
march  or  in  camp.  This  care  is  strictly  temporary,  for  the  cases  found  to 
be  serious  should  be  promptly  transferred  to  other  hospitals  so  that  the 
mobiUty  of  the  regiment  may  not  be  impaired.  The  equipment  of  the 
regimental  infirmary  is  similar  to,  but  smaller  than,  that  of  the  regimental 
field  hospital,  and  requires  one  four-horse  wagon  for  transportation.  Two 
hospital  tents,  field  chests  containing  bedding,  medical  and  surgical 
supplies,  and  some  miscellaneous  articles  required  for  the  temporary  use 
of  the  sick  are  provided  in  this  equipment. 

The  regimental  surgeon  has  charge  of  the  regimental  hospital  or  in- 
firmary and  is  the  adviser  of  the  regimental  commander  in  sanitary 
matters.  It  is  his  duty  to  see  that  the  equipment  of  the  regimental  in- 
firmary or  hospital  is  kept  complete,  that  all  the  men  of  the  regiment  are 
provided  with  first-aid  packets,  and  that  the  necessary  hygienic  and 
sanitary  provisions  to  maintain  the  health  of  the  regiment  are  carried  out. 
The  duties  of  the  regimental  surgeon  are  very  important,  for  he  is  in 
direct  touch  with  the  personnel  of  the  army,  and  upon  his  vigilance  largely 
depends  the  maintenance  of  its  health. 

The  Brigade  Personnel  and  Equipment. — A  typical  brigade  con- 
sists of  three  regiments.  The  medical  personnel  of  a  brigade  consists  of 
the  medical  officers  and  enlisted  men  of  the  hospital  corps  assigned  to 
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duty  at  brigade  headquarters  and  to  the  regiments.  The  equipment 
consists  of  the  regimental  infirmaries.  At  headquarters  of  the  brigade 
is  assigned  a  brigade  surgeon  and  one  sergeant  and  a  private  of  the  hospi- 
tal corps.  The  brigade  surgeon  is  the  adviser  of  the  brigade  conunander 
in  all  medical  and  sanitary  questions  concerning  the  brigade  and  has 
general  supervision  of  the  hygiene  and  sanitation  of  the  brigade.  When 
a  brigade  is  detached,  it  takes  with  it  from  the  division  one  field  hospital, 
complete,  with  its  ambulance  section. 

The  Division  Personnel  and  Equipment. — The  division  forms  the 
basis  of  army  organization.  It  consists  of  three  brigades  of  infantry',  one 
regiment  of  cavalry,  nine  batteries  of  field  artillery,  one  battalion  of 
engineers,  one  company  of  the  signal  corps,  the  ammunition  and  supply 
columns,  a  pack  train,  and  four  field  hospitals.  Thus  there  is  supplied  one 
field  hospital  for  each  brigade  of  infantry  and  one  field  hospital  for  the 
remaining  forces  of  the  division.  This  allotment  of  medical  personnel  and 
equipment  makes  it  possible  to  separate  a  brigade  from  a  division  and 
yet  give  such  detached  command  a  fully  equipped  field  hospital  in  ac- 
cordance with  the  field  service  regulations,  which  prvoide  that  "when 
brigades  are  detached  they  will  be  supplied  with  the  due  proportion  of 
the  auxiliary  arms  and  services  corresponding  to  their  independent  func- 
tions and  the  nature  of  the  special  service  expected." 

A  cavalry  division  consists  of  three  cavalry  brigades,  six  batteries  of 
horse  artillery,  one  company  of  engineers,  one  company  of  the  signal 
corps,  one  ammunition  and  supply  column,  and  two  field  hospitals  with 
light  transportation.  As  mobility  is  of  great  importance  in  such  a  com- 
mand, the  field  hospitals  are  reduced  to  two,  and  these  with  light  trans- 
portation, so  that  the  mobility  of  the  command  may  not  be  too  greatly 
impaired. 

The  medical  personnel  of  a  division  consists  of  three  medical  officers — 
one  lieutenant-colonel  medical  inspector,  one  major  chief  s\u*geon,  one 
captain  or  lieutenant,  and  seven  enlisted  men  of  the  hospital  corps,  all  at 
headquarters  of  the  division.  In  addition  to  these,  there  are  the  medical 
oflicers  already  named  as  attached  to  the  brigade  headquarters,  to  the 
regiments,  and  those  attached  to  the  field  hospitals  and  ambulance  com- 
panies. The  division  surgeon  supervises  the  medical  and  hospital  corps 
service  of  the  division,  including  frequent  inspections  of  the  field  hospitals 
and  ambulance  companies. 


FIELD  HOSPITALS- 

The  field  hospital,  of  which  there  are  four  to  each  regular  division  and 
two  to  each  cavalry  division,  is  divided  into  two  sections — a  hospital 
section  and  an  ambulance  company  section. 

The  hospital  section  includes  all  the  personnel  and  equipment  of 
the  hospital  proper.  It  has  a  capacity  of  108  beds  and  is  designed  to  be 
used  only  during  active  operations.  The  personnel  of  the  field  hospital 
section  comprises  five  medical  officers,  viz.,  one  commanding  officer;  one 
executive  officer,  quartermaster  and  commissary;    three  ward  surgeons; 
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also  fifty-seven  enlisted  men  of  the  hospital  corps,  of  which  nine  are  non- 
commissioned officers.  The  surgeon  in  command  of  a  field  hospital  has 
general  charge  of  it  and  is  responsible  for  its  efficiency  and  the  maintenance 
of  its  supply;  he  superintends  the  admission,  return  to  duty  and  transfer 
of  the  patients  in  his  hospital,  and,  as  commanding  officer  of  the  detach- 
ment of  the  hospital  corps,  has  general  control  of  the  discipline  and  keeps 
the  accounts  of  the  enlistai  men  on  duty  at  the  hospital.  His  executive 
officer  aids  him  in  the  work  of  supervision  and  has  special  charge  of  the 
records.  The  commanding  officer  also  usually  assigns  another  officer  to 
superintend  the  cooking  and  diet  of  the*hospital,  to  draw  rations  from  the 
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subsistence  department,  to  keep  the  accounts  of  the  hospital  fund,  and  to 
have  special  charge  of  the  hospital  stores. 

The  personnel  of  the  ambulance  company  section  consists  of  three 
medical  officers,  one  captain  commanding  and  two  first  lieutenants,  nine 
non-commissioned  officers,  and  sixty-eight  privates  of  the  hospital  corps. 
The  ambulance  company  is  furnished  with  twelve  ambulances,  which  are 
to  provide  the  transportation  for  the  sick  and  wounded  of  the  brigade, 
and  with  three  four-horse  wagons  for  the  transportation  of  its  own  equipn 
ment.    The  medical  officer  commanding  the  ambulance  company  attends 
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to  the  pay,  clothing,  and  subsistence  of  his  men,  and  is  responsible  for 
the  care  of  the  ambulances,  wagons,  horses,  mules,  harness,  etc.,  pertain- 
ing to  its  organization. 


THE  EQUIPMENT  OF  THE  MEDICAL  DEPARTMENT  IN  THE  FIELD. 

The  equipment  for  field  service  consists  of  all  materials  required  for 
medical  and  surgical  use  carried  by  wagon  or  other  means  of  transporta- 
tion, the  ambulances,  wagons  and  other  transport,  and  the  personal  equip- 
ment of  the  members  of  the  medical  department. 

Each  enlisted  man  of  the  hospital  corps  is  equipped  with  the  articles 
he  personally  requires  in  the  service:  waist  belt,  to  which  is  attached  a 
knife  and  first-aid  packet;  canteen;  haversack  and  field  mess  furniture; 
one  half  shelter-tent  with  pins  and  poles;  and  a  blanket  roll  which  con- 
tains extra  underwear  and  toilet  articles.  If  a  private,  he  carries,  in 
addition,  a  hospital  corps  pouch,  or,  if  detailed  as  a  medical  officer's 
orderly,  he  carries  an  orderly  pouch.  For  non-conmiissioned  officers  of  the 
hospital  corps  the  equipment  is  the  same  as  that  for  privates,  except  that 
they  carry  an  emergency  case  instead  of  the  pouch. 

The  hospital  corps,  emergency,  and  orderly  pouches  are  designed  to 
meet  the  requirements  of  first-aid  work  in  the  field.  The  hospital  corps 
pouch  is  made  of  waterproof  lined  canvas  and  contains  aromatic  spirit 
of  ammonia,  a  jack-knife,  field  tourniquet,  a  roll  of  wire  gauze  for  spUnts, 
adhesive  plaster,  sublimated  gauze,  six  sterilized  gauze  bandages,  four 
first-aid  packets,  and  a  case  containing  pins,  scissors,  and  dressing  forceps. 
The  orderly  pouch  contains,  in  addition  to  the  articles  carried  in  the  hos- 
pital corps  pouch,  dressings  and  materials  that  a  surgeon  may  require  in 
emergency  work,  t.  e.,  pocket  case,  catheters,  chloroform,  hypodermic 
syringe,  ligatures,  diagnostic  tags,  and  pencil.  The  emergency  case 
carried  by  the  non-commissioned  officers  is  of  solid  leather  and  contains 
the  more  essential  medicines,  such  as  digitalis,  atropin,  cocain,  morphin, 
quinin,  etc.,  in  tablet  form,  and  additional  instruments,  such  as  hemo- 
static forceps,  scalpel,  needles,  ligatures,  thermometer,  etc. 

The  first-aid  packet  is  now  a  part  of  the  equipment  of  every  officer 
and  enlisted  man  in  the  United  States  army.  It  consists  of  a  hermetically 
sealed,  easily  opened  metal  case,  and  is  provided  with  hooks  or  loops  for 
Attachment  to  the  cartridge  belt.  All  the  contents  of  this  case  are  sterile 
and  consist  of  two  bandages,  two  compresses  of  absorbent  sublimated 
gauze,  and  two  No.  3  safety-pins  wrapped  in  waxed  paper.  One  compress 
is  affixed  to  each  bandage  by  sewing  it  lengthwise  in  the  center  of  the 
bandage,  and  the  bandage  is  then  rolled  from  each  end  to  the  compress 
And  so  folded  that  the  compress  can  be  opened  out  without  touching  its 
inner  surface.  To  apply  it  the  stitch  holding  the  folds  of  the  compress 
together  is  broken,  the  compress  is  opened  out  toward  the  rolls  of  the 
bandage  on  each  side  and  appUed  to  the  wound.  The  bandage  is  then 
unrolled  and  used  to  suitably  attach  the  compress. 

This  new  first-aid  packet  has  many  advantages  over  the  old  packet 
^th  its  triangular  bandage.    The  triangular  bandage  required  consider- 


EQUIPMENT  OF  MEDICAL  DEPARTMENT  IN  FIELD.  955 

able  skill  to  adjust  it  properly  to  many  parts  of  the  body.  The  new 
dressing,  made  to  be  attached  with  the  gauze  bandage,  is  much  more 
easily  and  surely  applied  in  any  region  of  the  body. 

The  shell-wound  dressing  is  provided  for  thq  larger  wounds  pro- 
duced by  fragments  of  shells,  splinters,  etc.  It  is  similar  to  the  shell- 
woimd  dressing  adopted  by  the  navy,  and  is  supplied  to  the  coast  and 
siege  artillery  and,  in  certain  numbers,  to  the  field  artillery.  The  contents 
of  the  shell-wound  packet  are  a  compress  and  bandage  and  two  safety- 
pins  wrapped  in  waxed  paper.  The  compress  is  made  from  one  square 
yard  of  sublimated  gauze  folded  to  make  a  pad  6  by  9  inches.  Across  the 
back  of  each  end  of  the  compress  is  placed  a  3-inch  gauze  bandage  48 
inches  long,  the  two  bandages  being  held  in  position  by  stitching  along  the 
edge  of  the  compress.  This  makes  practically  a  four-tailed  bandage  with 
an  attached  central  compress.  The  dressing  is  sufficiently  large  to  cover 
quite  a  large  area,  and  the  four  tails  of  the  dressing  make  it  easy  to  attach 
it  to  any  part  of  the  body. 

The  value  of  these  first-aid  dressings  for  wounds  received  in  war  has 
been  so  thoroughly  proved  as  to  require  no  further  argument  for  their 
use.  All  the  members  of  the  fighting  force  should  be  carefully  instructed 
in  how  to  handle  and  apply  them.  This  instruction  can  best  be  given  by 
the  regimental  medical  officers  during  organization,  previous  to  the  time 
of  active  campaign,  and  each  brigade  surgeon  should  see  that  the  regi- 
mental surgeons  of  his  brigade  instruct  the  men  of  their  commands  care- 
fully in  the  use  of  these  invaluable  dressings.  Special  attention  should  be 
given  to  the  proper  opening  of  the  cases,  and  especially  to  the  handling 
of  the  dressings  themselves,  that  the  men  may  be  thoroughly  informed  as 
to  how  to  open  and  apply  them  without  touching  the  part  of  the  dressing 
which  is  to  come  in  direct  contact  with  the  wound. 

The  equipment  for  the  field  hospital  is  sufficient  for  one  hundred 
and  eight  patients.  This  hospital  is  designed  to  be  used  only  during 
active  operations,  and  its  equipment  is  kept  to  the  minimum,  additional 
supplies  being  procured  whenever  necessary  from  advanced  medicdl 
supply  depots.  For  this  hospital  thirty-one  hospital  tents  are  provided, 
and  one  wall  tent  for  each  medical  officer.  The  hospital  tents  are  used  for 
sheltering  the  enlisted  personnel  of  the  hospital  and  for  kitchen,  dispen- 
sary, storage,  operating  tent,  and  wards.  Eighteen  hospital  tents  are 
used  for  wards,  there  being  six  wards  of  three  tents  each,  pitched  end  to  end. 
The  furniture  consists  of  a  folding  stool  and  folding  bedside  table  to  each 
tent,  four  commode  chests,  four  folding  bath-tubs,  and  one  operating 
table  to  each  hospital.  In  a  moving  command  no  cots  are  prescribed, 
the  bedding  consisting  of  bed-sacks,  pillow-sacks,  blankets,  and  rubber 
blankets  to  be  used  between  the  bed-sacks  and  the  ground.  When  the 
field  hospital  is  fixed,  camp  cots,  mosquito  bars,  chairs,  and  tables  are 
supplied.  The  whole  equipment  for  the  hospital  requires  eight  four- 
horse  wagons,  for  transportation. 

The  equipment  for  the  ambulance  company  section  of  the  field 
hospital  consists  of  the  equipment  for  the  ambulance  station  (carried  in  its 
own  four-mule  wagon  so  that  it  can  be  quickly  taken  during  action  to  the 
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designated  place  for  the  ambulance  station)  and  of  the  equipment  for  the 
ambulance  company  itself. 

The  equipment  for  the  ambulance  station  consists  of  one  hospital  tent, 
bedding  and  bed-clQthing  for  eighteen  patients,  food  chest,  chests  and 
cases  containing  medicines  and  dressings,  and  the  other  material  necessary 
to  the  establishment  of  the  ambulance  station  in  time  of  action. 

The  equipment  for  the  ambulance  company  proper  consists  of  a  large 
variety  of  articles  necessary  to  the  encampment  and  movement  of  the 
field  hospital  and  ambulance  company  section  in  the  field,  and  also  of  the 
additional  litters  required  for  use  in  transporting  the  wounded  during 
action. 

The  whole  transportation  of  the  ambulance  company  section  of  the 
field  hospital  is  carried  in  three  four-horse  wagons,  making  a  total  of  eleven 
baggage  wagons  required  for  the  field  hospital  complete  with  its  ambulance 
section.  With  each  ambulance  company  section  of  the  field  hospital 
twelve  ambulances  are  provided,  making  a  total  of  forty-eight  ambulances 
furnished  for  the  use  of  each  brigade. 

The  equipment  for  the  regimental  infirmary  in  active  service  is 
carried  in  an  escort  wagon  which  follows  the  regiment.  This  equipment 
consists  of  two  hospital  tents,  one  of  which  is  to  be  used  for  the  temporary 
care  of  the  sick  and  the  other  as  a  dispensary  and  office.  The  remainder 
of  the  equipment  consists  of  the  necessary  bedding  for  nine  patients, 
cases  of  medicines,  dressings,  etc. 

The  transportation  of  patients  in  the  field  is  primarily  provided 
for  by  the  ambulances  and  litters  furnished  for  the  use  of  each  brigade. 
Additional  means  of  transportation,  such  as  the  travois,  horse  litters, 
wheel  litters,  etc.,  are  sometimes  used,  and,  following  large  engagements, 
escort  wagons,  farm  wagons,  and  other  means  of  transportation  have 
frequently  to  be  pressed  into  service. 

The  ambulance  now  used  in  the  United  States  service  for  transporting 
the  sick  and  wounded  is  a  strong  and  serviceable  four-wheel  vehicle,  or- 
dinarily drawn  by  four  animals  in  the  field.  It  provides  transportation 
for  eight  men  sitting  or  four  recumbent,  or  two  recumbent  and  four  sitting. 
It  is  fitted  with  four  removable  seats  which  are  hung  against  the  sides 
when  not  in  use.  When  four  recumbent  patients  are  carried,  two  are 
placed  on  litters  on  the  floor  of  the  ambulance  and  two  are  carried  on 
litters  supported  by  means  of  litter-supporting  posts  and  straps.  Under 
the  body  of  the  ambulance  are  carried  two  ambulance  boxes  containing 
hospital  stores  and  surgical  dressings.  Recently  automobile  ambulances 
have  lieen  given  a  trial,  and  it  is  probable  that  with  improvement  in  these 
vehicles  they  will  be  adopted  to  some  extent  for  use  in  peace  and  war. 
The  rapidity  with  which  patients  can  be  transported  with  them  in  certain 
sections  of  the  country  where  the  roads  are  good  will  make  them  especially 
useful. 

The  hand  litter  used  in  the  United  States  army  is  strong  and  light, 
weighing  only  about  twenty  pounds.  It  consists  of  a  canvas  bed,  6  feet 
long  and  22  inches  wide,  fast  to  two  poles  7i  feet  long,  held  apart  by  two 
jointed  iron  braces.    The  ends  of  the  poles  form  the  handles,  and  affixed 
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underneath  the  poles  are  short,  stimip-shaped  iron  legs  to  support  the 
litter  on  the  ground  or  on  the  floor  of  the  ambulance.  A  litter  sUng  is 
attached  at  each  end  of  the  litter. 

A  litter  squad  for  the  usual  handling  and  transportation  of  patients 
consists  of  two  men,  but  three  or  four  men  may  be  assigned  to  a  single 
litter  whenever  the  conditions  require. 

As  the  equipment  for  the  regimental  hospitals  or  infirmaries  and  the 
field  hospitals  has  to  be  kept  to  the  minimum  in  order  to  insure  proper 
mobility  of  the  commandsf  advanced  medical  supply  depots  are  located 
at  convenient  points.  An  advanced  medical  supply  depot  has  a  per- 
sonnel of  one  medical  officer,  two  non-commissioned  officers,  and  nine 
privates  of  the  hospital  corps.  This  advanced  supply  depot  is  used  to 
furnish  deficiencies  of  medicine,  stores,  dressings,  equipment,  etc.,  arising 
from  ordinary  expenditures,  unavoidable  loss  or  damage,  and  other  causes 
incident  to  field  service.  The  equipment  of  this  depot  is  carried  in  six 
four-horse  wagons,  and  consists  of  the  necessary  articles  to  replace  those 
used  in  the  regimental  infirmaries  and  field  hospitals. 

The  complete  medical  assistance  for  an  anny  at  the  front  is  there- 
fore: (a)  the  regimental  aid,  which  includes  the  medical  officers  attached 
to  the  regiment  and  the  equipment  of  the  regimental  infirmary  or  hos- 
pital; (b)  the  field  hospitals  with  their  personnel  and  equipment,  includ- 
ing the  ambulance  company  section  of  each  hospital;  (c)  the  advanced 
medical  supply  depots;  and  (d)  the  officers  of  the  medical  department  and 
members  of  the  hospital  corps  attached  to  brigade,  division,  and  corps 
headquarters.  With  this  the  provision  for  the  medical  service  at  the 
front  ends. 

Behind  this  extends  the  medical  assistance  of  the  rear  with  pro- 
vision for  the  transportation  of  the  sick  and  wounded  from  the  front  to 
the  rear,  the  stationary  hospitals  and  rest  stations  on  the  Unes  of  com- 
munication, base  or  general  hospitals  at  the  base  of  operations,  convales- 
cent camps,  casual  camps,  base  medical  supply  depots,  and  the  necessary 
means  of  communication  between  these  different  units.  The  transporta- 
tion from  the  field  hospitals  to  the  hospitals  at  the  rear  and  base  is  under 
separate  command;  trains  and  boats  are  under  the  command  of  medical 
officers  who  have  suitable  assistance  and  nurses.  Each  general  hospital 
at  the  base  is  commanded  by  a  medical  officer  under  regulations  prescribed 
by  the  Secretary  of  War.  These  hospitals  are  usually  situated  at  such  a 
distance  from  the  field  of  operations  that  they  are  not  liable  to  be  disturbed 
by  the  incidents  of  war,  and  are  therefore  of  a  more  or  less  permanent 
character  and  are  equipped  with  all  appliances  for  the  best  possible  care 
of  the  sick  and  wounded. 


THE  MEDICAL  SERVICE  IN  CAMP,  ON  THE  MARCH*  AND  DURING 

ACTION. 

The  Medical  Service  of  the  Camp. — At  the  outbreak  of  w-ar  troops 
are  collected  in  the  camps  of  organization  and  mobilization.  In  the 
camps  of  oi-ganization  the  duties  of  medical  officers  are  particularly  im- 
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portant  and  often  difficult.  The  troops  in  these  camps  are  mostly  volun- 
teers who  are  unused  to  camp  life  and  do  not  know  how  to  properly  cany 
out  the  necessary  sanitation  required  when  large  bodies  of  men  are  as- 
sembled together.  The  medical  officer  has,  therefore,  not  only  to  pre- 
vent the  outbreak  of  epidemics,  but  to  instruct  the  troops  in  the  necessary 
camp  hygiene  and  at  the  same  time  to  organize  the  medical  department 
for  the  active  service  that  is  to  follow.  The  rules  of  camp  hygiene  must 
be  rigidly  enforced  in  order  to  prevent  the  occurrence  of  disease  or  its 
transmission  from  the  sick  to  the  well.  In  all  wars  the  likelihood  of  the 
spread  of  contagious  diseases  among  troops  in  camp,  especially  if  these 
troops  be  raw  levies,  has  been  noted.  The  eruptive  fevers  and  typhoid 
fever,  especially  the  latter,  have  in  recent  wars  made  the  greatest  inroads 
upon  the  health  of  troops.  The  fact  that  these  diseases  may  be  spread  by 
mild  and  ambulatory  cases  has  to  be  constantly  borne  in  mind  by  the 
medical  officers,  and  every  case  of  fever,  however  slight,  should  be  isolated 
and  carefully  watched. 

The  medical  officer  must  also  especially  concern  himself  with  the  water- 
supply  of  the  camp  and  with  the  disposal  of  excreta.  Every  precaution 
must  be  taken  to  insure  that  the  water  is  pure,  is  guarded  from  any 
possible  pollution,  and  that  the  excreta  are  so  disposed  of  that  their  car- 
riage by  ffies  is  prevented.  In  tropical  climates  these  provisions  have  to 
be  especially  rigidly  carried  out,  the  food  has  to  be  carefully  watched, 
and,  in  addition,  the  soldier  must  be  protected  so  far  as  possible  against 
mosquitos,  in  order  to  prevent  the  occurrence  of  malarial  or  yellow  fever. 

In  the  organization  and  mobilization  camps,  in  addition  to  the  care  of 
the  sick  and  the  sanitation  of  the  camp,  the  work  of  preparation  for  the 
active  campaign  must  be  done.  The  men  must  be  instructed  in  personal 
hygiene  and  in  the  use  of  the  first-aid  packet.  The  necessary  supplies 
must  be  accumulated,  the  field  hospitals  with  their  ambulance  companies 
organized,  equipped,  and  prepared  for  field  service,  so  that  when  the 
command  moves  the  medical  department  shall  be  properly  provided, 
organized,  and  ready  to  move  with  it.  In  these  camps  no  regimental 
hospitals  should  be  established.  The  regimental  infirmary  should  be 
used  as  an  office  and  dispensary  where  sick-call  is  held  and  where  minor 
emergency  cases  are  treated  and  those  slightly  and  temporarily  ill  looked 
after.     All  other  cases  should  be  at  once  sent  to  the  field  hospital. 

Before  troops  in  permanent  camp  are  sent  into  the  field  the  medical 
officers  should  see  to  it  that  the  field  hospitals  correspond  with  require- 
ments for  moving  commands;  that  is,  that  the  cots  and  other  material 
used  in  permanent  camps  are  disposed  of  and  the  regular  equipment  for  the 
moving  field  hospital  provided,  and  the  medical  officer  in  command  of  the 
ambulance  section  should  see.  that  the  complete  equipment  for  his  com- 
pany is  supplied.  At  this  time  the  sick  of  the  command  should  be  care- 
fully examined,  and  all  those  not  merely  temporarily  ill  should  either  be 
transferred  to  the  hospitals  in  the  rear  or  left  at  the  place  of  permanent 
camp  in  a  satisfactory''  hospital  there  established. 

With  troops  on  the  march  the  camp  is  usually  broken  soon  after 
reveille.    The  commanding  officer  should  inform  the  senior  medical 
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officer  in  advance  of  time  for  breaking  camp  so  that  all  suitable  prepara- 
tions can  be  made.  It  is  desirable  that  the  ill  taken  with  the  command 
should  be  fed  just  before  the  march  begins,  and  that  they  should  be  ex- 
amined and  suitably  prescribed  for  by  the  medical  officers,  and  that  the 
nurses  in  charge  should  be  given  their  instructions  and  medicines  for  the 
remainder  of  the  day.  In  the  meantime  the  animals  are  groomed,  fed, 
and  watered,  the  baggage  and  escort  wagons  are  packed,  the  patients 
transferred  to  the  ambulances,  and  the  hospital  tents  struck  and  packed. 
The  regimental  infirmary  should  be  packed,  and  when  the  troops  march 
should  usually  follow  immediately  in  the  rear  of  the  regiment  to  which 
it  belongs.  The  field  hospitals  should  ordinarily  march  in  the  rear  of  the 
last  regiment  of  the  division,  except  that,  when  there  are  several  divisions 
in  one  column,  one  field  hospital  will  usually  be  held  in  reserv^e  and 
march  in  the  second  line,  with  the  ammunition  column  and  trains,  usually 
a  short  day's  march  in  the  rear.  If  an  engagement  is  imminent  the 
personnel  and  equipment  for  each  dressing  station  (which  is  a  part  of  the 
equipment  of  the  ambulance  company)  should  march  at  the  rear  of  each 
brigade,  except  that  the  first  brigade  should  be  followed  by  an  entire 
ambulance  company. 

On  the  march  the  regimental  officers  should  accompany  their  reg- 
iment, the  senior  with  the  commander  at  the  head,  one  junior  with  the 
ambulance  at  the  rear,  and  the  other  at  the  rear  of  the  leading  battalion. 
The  sick  and  wounded  falUng  out  in  line  of  march  should  be  examined,  by 
the  medical  officer  with  the  ambulance  at  the  rear,  and,  if  they  require 
transportation,  they  should  be  placed  in  the  regimental  ambulance.  When 
the  ambulance  is  filled,  diagnosis  tags  should  be  given  as  passes  to  the 
ambulance  train  and  other  transportation,  and  the  weak  and  footsore  may 
be  relieved  of  their  equipment  and  permitted  to  march  in  the  rear  of  the 
regimental  ambulance. 

At  the  end  of  the  march  the  regimental  infirmary  following  each  regi- 
ment should  be  at  once  set  up  and  the  sick  of  the  regiment  attended  to. 
Those  temporarily  ill  should  be  suitably  cared  for,  and  those  having  more 
serious  ailments  should  be  transferred  to  the  field  hospital  as  soon  as  it  is 
established.  As  the  field  hospital  marches  in  the  rear  there  may  at  times 
be  delay  in  its  arrival  and  establishment;  in  such  cases  the  sick  of  the 
regiment  should  be  cared  for  at  the  regimental  infirmary  until  it  is  known 
that  they  may  be  accommodated  at  the  field  hospital.  The  regimental 
surgeon  should  make  prompt  report  of  the  number  of  sick  that  he  intends 
to  transfer  to  the  field  hospital  to  the  officer  in  charge  of  that  organization 
so  that  upon  its  arrival  the  proper  number  of  tents  to  accommodate  the 
sick  may  be  unloaded,  pitched,  and  supplied  with  bedding  and  such  other 
articles  as  may  be  needed.  As  soon  as  the  field  hospital  arrives  the 
necessary  amount  of  tentage,  bedding,  and  other  articles  is  unloaded  from 
the  wagons,  the  tents  are  pitched,  and  the  litter-bearers  transfer  the 
sick  from  the  ambulance  wagons.  The  cooks  immediately  proceed  to  pro- 
vide warm  liquid  food  and  later  a  regularly  prescribed  meal.  In  the 
meantime  the  tents  of  the  officers  are  pitched,  the  ambulance  and  baggage 
wagons  are  packed,  the  animals  are  fed,  watered,  and  groomed,  and  the 
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men  of  the  hospital  corps  pitch  their  shelter  tents  and  trench  around  the 
hospital  tents  to  keep  their  floors  dry  in  case  of  rain.  A  wagon  guard 
and  hospital  guard  are  established,  the  medical  officers  visit  and  examine 
patients  and  prescribe  the  duties  of  the  nurses.  These  various  duties 
incident  to  packing,  unpacking,  and  establishing  field  hospitals  soon  be- 
come routine,  each  man  detailed  to  a  particular  duty  soon  becoming  so 
familiar  therewith  that  he  performs  it  quickly,  and,  at  the  end  of  a  march, 
but  a  short  time  is  required  to  establish  the  regimental  infirmaries  and 
the  field  hospitals  completely  and  in  order. 

When  the  march  is  next  resumed,  the  sick  unable  to  proceed  with  the 
command  should  be  transferred  to  the  stationary  hospitals,  or,  if  this  is 
not  practicable,  they  may  be  left  under  shelter  in  houses  with  the  necessary 
attendance  until  taken  charge  of  by  the  medical  service  of  the  lines  of 
communication,  the  chief  of  which  should  be  duly  notified,  and  the  service 
of  which,  whenever  practicable,  should  be  constantly  extended  from  the 
rear  and  kept  in  touch  with  the  moving  command  at  the  front. 

The  Medical  Service  During  Action. — ^The  disposal  of  the  personnel 
and  equipment  for  the  care  of  the  wounded  in  action  will  depend  in  a 
measure  upon  the  conditions  under  which  the  fighting  is  carried  on. 
These  conditions  are  three:  (a)  troops  acting  on  the  defensive  behind 
fortifications;  (6)  troops  attacking  such  fortifications;  (c)  mobile  troops 
operating  against  a  mobile  enemy,  as  in  ordinary  field  engagements. 

In  defensive  operations  within  fortifications  the  care  of  the  wounded 
involves  much  less  difficulty  than  it  does  under  any  other  conditions 
which  obtain  in  war.  Help  may  be  rendered  the  wounded  almost  im- 
mediately as  the  fortifications  afford  considerable  protection  to  surgeons 
and  litter-bearers.  Well  equipped  hospitals  can  usually  be  established 
in  places  which  are  well  protected  and  not  distant  from  the  fortified 
lines.  The  wounded  ordinarily  have  to  be  carried  but  a  short  distance 
and  the  difficulties  and  dangers  incident  to  long  transport  are  avoided. 
In  consequence,  the  wounded  usually  receive  assistance  almost  immedi- 
ately after  they  are  injured,  can  be  quickly  transported  to  a  not  far  distant 
hospital,  and  can  there  have  the  careful  examination,  and  operative 
treatment  if  required,  which  in  field  operations  has  sometimes  to  be  con- 
siderably delayed.  In  case  the  fortification  is  carried  or  surrenders,  the 
stations  of  medical  assistance  are  not  subjected  to  any  such  dangers  as 
are  the  stations  of  assistance  in  field  campaigns  when  they  are  in  the  path 
of  an  advancing  enemy. 

In  aUacking  a  fortified  enemy  there  is  usually  ample  time  to  distribute 
the  personnel  and  establish  the  stations  of  assistance  at  suitable  and  well 
protected  places.  Usually  there  is  little  likelihood  of  these  being  dis- 
t\irbed,  even  though  the  attack  be  repulsed,  unless  the  repulse  be  an  ex- 
ceedingly disastrous  one,  in  which  case  the  troops  on  the  defensive  may 
make  a  counter-attack  and  carry  the  works  of  the  attacking  force.  The 
greatest  danger  is  to  the  wounded  who  fall  between  the  advance  works  of 
the  besiegers  and  the  defences  of  the  besieged.  Over  this  zone,  unless 
the  attack  is  successful,  there  is  no  possibility  of  bearers  going  to  the  sid 
of  the  wounded  unless  by  mutual  consent  of  the  two  forces.    This  con- 
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dition  was  well  exemplified  in  the  operations  of  the  Japanese  about  Port 
Arthur,  where,  following  the  attacks  of  the  Japanese  upon  the  fortifica- 
tions, the  wounded  were  often  left  for  hours  or  even  days  without  as- 
sistance. 

With  mobile  troops  in  action  against  a  mobile  enemy  in  the  field  the 
most  difficult  problems  of  surgical  assistance  are  presented.  The  long  range 
of  modem  projectiles,  the  destructiveness  of  infantry  and  artillery  fire, 
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and  the  terrain  over  which  the  troops  are  operating,  have  all  to  be  con- 
43idered.  Theoretically,  the  lines  of  assistance  have  been  carefully  worked 
out,  and  should  be  adhered  to  as  far  as  the  various  conditions  of  the 
particular  engagement  may  permit.  The  theoretic  provisions  for  assist- 
ance are  as  follows:  (a)  the  regimental  aid;  (b)  the  dressing  station  per- 
sonnel and  equipment;  (c)  the  ambulance  station  personnel  and  equip- 
ment;   (d)  the  field  hospital  personnel  and  equipment. 
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With  troops  going  into  battle  the  senior  medical  officere,  in  consulta- 
tion with  the  responsible  officer  of  the  Une  or  stafif,  dispose  the  medical 
equipment  and  personnel  to  the  best  advantage,  and  as  far  as  possible  in 
accordance  with  the  above  general  scheme  of  distribution.  The  chief 
surgeon  of  the  army  or  corps,  when  an  engagement  is  imminent,  after 
consultation  with  the  commanding  officer,  should  indicate  to  the  division 
surgeon  the  localities  best  adapted  for  the  establishment  of  the  field 
hospitals,  and  during  and  after  the  engagement  should  inspect  them  from 
time  to  time  and  keep  a  general  supervision  over  the  dressing  and  am- 
bulance stations  and  the  movement  of  the  wounded  to  the  hospitals. 
The  division  surgeon  having  received  from  the  chief  surgeon  directions  as 
to  where  to  place  the  hospitals  of  his  division,  should  see  that  they  are 
brought  to  the  designated  place  as  expeditiously  as  possible  and  there 
properly  established.  He  should  designate  the  special  duties  required  of 
the  medical  officers  of  his  division  and  assign  the  operating  surgeons  and 
their  assistants  to  their  proper  stations.  He  should  designate  the  locations 
for  the  ambulance  stations  of  his  division,  and,  during  and  after  the  en- 
gagement, he  should  directly  supervise  the  transjx)rtation  of  the  wounded 
from  them.  The  brigade  surgeon  should  locate  the  dressing  stations  and 
see  that  they  are  properly  equipped,  should  supervise  the  work  at  them 
and  the  transfer  of  the  wounded  to  the  ambulance  stations.  The  regi- 
mental s\irgeon  (unless  he  has  been  detailed  to  duty  as  an  operating 
surgeon  or  at  one  of  the  dressing  or  ambulance  stations,  in  which  case  his 
place  will  be  taken  by  the  medical  officer  next  in  rank)  will  remain  in 
touch  with  his  regiment  and  supervise  the  first-aid  work  of  the  hospital 
corps.  The  regimental  medical  officers  and  men  of  the  hospital  corps 
will  be  distributed  along  the  line  as  near  the  front  as  possible.  It  will 
be  their  duty  to  render  first  aid  to  all  whom  they  are  able  to  reach,  to 
prevent  loss  of  life  in  particular  cases,  such  as  severe  hemorrhages,  to 
prevent  malingering  and  crowding  at  the  dressing  stations,  and  to  have 
general  supervision  of  the  bearers  in  advance  of  these  stations.  If  re- 
quired, the  members  of  the  regimental  band  and  a  detail  of  men  from 
each  company  will  be  utilized  as  litter-bearers.  The  wounded  should  be 
placed  under  cover  from  fire  if  possible,  and  those  able  to  walk  may  go  to 
the  rear,  but  bearer  assistance  at  the  front  can  usually  not  be  given  until 
after  the  engagement  is  over  or  an  advance  has  been  made.  The 
rapidity  of  fire,  long  range,  and  flat  trajectory  of  the  modem  rifle  are 
such  that  surgical  assistance  on  the  firing-line  is  now  seldom  possible. 
The  regimental  medical  officers  and  hospital  corps  men  can  therefore  carry 
on  their  work  at  the  immediate  front  only  to  a  limited  extent.  They  should 
take  advantage  of  every  lull  in  firing,  but  a  Utter  with  bearers  offers  such 
a  large  target  that  at  the  immediate  front  a  wounded  man  lying  on  the 
ground  has  greater  chance  of  escape  than  one  raised  for  transportation. 
Wounded  men  \^dll,  therefore,  often  be  left  unaided  or  only  with  such 
assistance  as  their  comrades  can  offer,  and  this  emphasizes  the  necessity 
that  all  members  of  the  fighting  force  be  instructed  in  the  elementary 
principles  of  first  aid  and  the  use  of  the  first-aid  packet.  Assistance  given 
on  the  firing-line  will  usually,  therefore,  necessarily  be  confined  to  check- 
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ing  hemorrhages,  applying  first-aid  dressings,  and  immobilizing  fractured 
limbs.  The  regimental  medical  officers  should  attach  diagnosis  tags  to 
the  wounded  so  far  as  possible,  indicating  whether  the  wounded  man  may 
be  carried  or  is  able  to  walk,  and,  if  the  case  is  urgent,  an  "  urgent  tag**  is 
also  attached. 

Next  behind  the  regimental  aid  are  the  dressing  statumSf  designated 
during  the  day  by  red-cross  flags  and  at  night  by  red  lanterns.  These  are 
especially  under  the  direction  of  the  brigade  surgeon,  using  the  dressing 
station  equipment  of  the  ambulance  company  and  the  necessary  personnel 
therefrom.  They  should  be  located  at  points  in  the  rear  of  the  line  of 
battle  where  the  wounded  ^vill  be  sheltered  from  fire,  and  as  near  as 
possible  to  roads  leading  to  the  rear  or  in  proximity  to  open  country  over 
which  the  ambulances  may  be  driven.  In  engagements  behind  fortifica- 
tions these  dressing  stations  may  be  at  the  immediate  front  behind  the 
breastworks.  The  personnel  of  the  dressing  station  will  consist  of  two 
medical  officers  of  the  ambulance  company,  thirty  bearers,  and  a  desig- 
nated number  of  non-commissioned  officers.  The  station  having  been 
located,  the  ground  should  be  cleared  and  the  equipment  placed  to  the 
best  possible  advantage.  Litter  squads  should  be  at  once  sent  out  to 
bring  in  the  wounded  from  the  front,  these  being  given  particular  in- 
structions to  take  advantage  of  cover  as  much  as  possible,  in  order  to 
give  themselves  and  the  wounded  they  may  be  carr>dng  all  possible  pro- 
tection. The  character  of  the  surgical  work  done  at  the  dressing  station 
will  be  usually  only  of  an  emergency  nature,  such  as  arresting  hemorrhage, 
immobilizing  fractures,  and  administering  stimulants  to  relieve  shock. 
If  first-aid  dressings  have  been  already  applied  and  no  hemorrhage  is 
present,  it  is  best  to  leave  these  cases  undisturbed  until  they  reach  the 
field  hospitals.  Where  the  wound  is  exposed  and  the  conditions  permit, 
it  may  be  thoroughly  cleansed  with  boiled  water  and  a  dressing  applied, 
but,  if  the  press  of  work  is  great,  it  should  be  simply  packed  or  covered 
with  a  sterile  dressing  and  the  wounded  person  sent  to  the  rear. 

The  ambulance  stations,  usually  one  to  each  brigade,  will  be  established 
by  the  brigade  surgeon  at  suitable  places  which  afford  protection  from 
fire.  When  the  topographic  features  of  the  battlefield  allow,  the  dressing 
stations  and  ambulance  stations  may  be  consolidated,  thus  doing  away 
with  an  intermediate  halt  and  transfer  of  the  wounded.  In  other  cases 
the  ambulance  station  will  be  placed  at  a  suitable  distance  behind  the 
dressing  station,  or  separate  ambulance  stations  will  be  established  at 
more  than  one  point  in  rear  of  the  brigade,  the  endeavor  being  to  shorten 
as  much  as  possible  the  distance  which  the  wounded  have  to  travel  from 
the  dressing  station  to  the  ambulance  station.  If  there  be  but  one  dress- 
ing station,  it  will  be  in  charge  of  the  senior  medical  officer  of  the  ambulance 
company.  If  more  than  one  is  established,  junior  officers  will  be  given 
charge,  and  a  suitable  number  of  enlisted  men  assigned  to  each.  As  soon 
as  the  ambulance  station  is  established,  the  cook  should  start  a  fire  and 
prepare  hot  liquid  foods.  The  medical  officers  receive  the  wounded  from 
the  dressing  station,  attend  to  those  not  already  dressed,  attach  diagnosis 
tags  to  those  not  already  marked,  and,  as  rapidly  as  possible,  transfer 
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the  wounded  who  are  unable  to  walk  by  ambulance  to  the  field  hospital. 
Should  a  change  be  made  in  the  line  of  battle,  a  corresponding  change  in 
the  position  of  the  dressing  and  ambulance  stations  will  be  effected  when- 
ever possible.  If  the  line  of  battle  advances,  a  suitable  number  of  am- 
bulances will  follow  up  the  advancing  line,  leaving  others  to  clear  the 
field  before  participating  in  the  forward  movement.  In  case  of  backward 
movement  of  the  firing-line,  the  dressing  and  ambulance  stations  will  be 
shifted  to  the  rear,  and,  if  the  field  hospital  is  endangered,  the  chief 
surgeon  will  determine  its  movements.  When  it  is  impossible  to  move 
the  field  hospital  or  the  wounded  have  to  be  left  in  buildings  utilized  for 
hospital  purposes,  the  red-cross  flag,  under  the  terms  of  the  Geneva  Con- 
vention, will  protect  places  so  designated  as  much  as  may  be  from  fire. 

While  in  any  general  action  the  dressing  and  ambulance  stations  in  the 
rear  of  the  troops  actively  engaged  will  be  more  or  less  employed  in  the 
care  of  the  wounded,  the  principal  work  of  the  ambulances  will  begin  at 
the  end  of  the  battle,  when  the  whole  field  may  be  searched  and  the  wounded 
cared  for. 

The  field  hospitals  required  during  a  battle  will  be  established  by  the 
division  surgeon  after  consultation  with  the  division  commander.  They 
should  be  located  at  least  three  miles  from  the  front,  near  a  practicable 
road,  and  on  a  stream  or  where  there  is  abundant  water  whenever  feasible. 
It  is  desirable  also  that  the  hospital  should  be  located  near  buildings 
which  may  be  utilized  for  hospital  purposes.  To  avoid  confusion,  the  field 
hospital  should  be  divided  into  the  receiving  section,  the  dressing  section, 
the  operating  section,  and  the  wards.  When  the  wounded  are  brought 
in,  the  medical  officer  in  charge  of  the  receiving  section  should  examine 
each  case  and  send  it  either  to  the  dressing  section,  the  operating  section 
or  the  wards,  as  may  be  required.  In  this  way  much  confusion  will  be 
prevented  and  the  wounded  can  be  more  quickly  and  properly  cared  for. 
The  commanding  officer  of  the  hospital  will  exercise  general  supervision 
and  will  see  that  suitable  medical  officers,  non-commissioned  officers,  and 
attendants  are  detailed  to  each  section  of  the  hospital.  The  experience 
of  recent  wars  has  demonstrated  that  the  operating  section  does  not  now 
require  to  be  nearly  as  large  as  before  the  days  of  conservative  treatment. 
It  is  now  the  rule  to  operate  only  in  such  cases  as  imperatively  demand 
such  procedure.  Antiseptic  or  aseptic  treatment,  antiseptic  or  aseptic 
dressing,  protection  and  immobiUzation  are  most  practised,  and  the 
patients  are  then  transferred  as  quickly  as  possible  to  the  well  equipped 
hospitals  at  the  base,  where,  if  operation  is  demanded,  it  may  be  carried 
out  under  all  the  requirements  of  modem  aseptic  technic.  The  work  in 
the  field  hospital  should  be  directed  toward  completing  all  operations 
imperatively  called  for  as  quickly  as  possible  and  toward  preparing  the 
wounded  for  transportation  to  the  rear,  for,  if  an  advance  or  retreat 
follows  the  battle,  the  hospital  should  be  ready  to  meet  such  condition. 
If  the  troops  advance,  the  hospital  should  be  cleared  as  much  as  possible 
of  the  wounded,  or  they  should  be  cared  for  in  adjacent  buildings,  and  the 
hospital,  or  as  much  of  it  as  is  not  imperatively  required  to  shelter  the 
wounded  left  behind,  should  follow  the  troops  unless  the  distance  which 
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the  troops  move  forward  is  short.  In  case  of  retreat,  if  possible  the 
hospital  should  be  moved  with  the  wounded  to  the  rear.  When  this  is 
impracticable,  the  wounded,  as  in  case  of  a  forward  movement,  should  be 
left  as  well  protected  as  possible  and  with  the  red-cross  flags  displayed  to 
insure  the  protection  afforded  by  the  Geneva  Convention. 

The  difficulties  in  establishing  the  aid  stations  and  field  hospitals  for 
use  in  battle  at  places  where  they  will  be  most  useful  and  suitably  pro- 
tected are  many,  and  efficiency  in  such  cases  will  depend  largely  upon  the 
understanding  by  the  medical  officers  of  the  special  duties  which  each  will 
be  required  to  perform.  The  bringing  forward  of  the  ambulance  com- 
panies with  their  ambulances  and  the  moving  of  the  field  hospital  train, 
encumbered  as  the  roads  often  are  with  long  wagon  trains,  troops,  and 
ammunition  trains  pressing  to  the  front  and  with  reserves  coming  up, 
present  difficulties  which  are  often  almost  insurmountable  and  require  a 
high  degree  of  executive  ability  on  the  part  of  the  senior  medical  officers. 
In  such  circumstances  clearness  of  judgment,  prompt  decision,  and  re- 
sourcefulness are  necessary  to  the  highest  efficiency.  To  these  quahties 
must  be  added  a  thorough  knowledge  on  the  part  of  the  medical  officers 
of  the  technical  details  of  the  disposal  of  personnel  and  equipment,  and 
only  by  the  combination  of  all  these  factors  can  the  wounded  be  cared 
for  with  economy  of  time  and  labor  and  as  promptly  and  properly  as  the 
conditions  incident  to  the  action  permit. 
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Having  discussed  the  general  duties  of  the  military  surgeon  at  the 
front  in  time  of  war,  we  have  now  to  take  up  the  surgical  work  which  he 
is  required  to  do. 

In  considering  wounds  received  in  war,  their  treatment,  and  the  effects 
both  immediate  and  remote  of  these  traumas,  two  factors  present  them- 
selves which  have  particular  bearing  upon  miUtary  surgery  proper: 
first,  that  the  wounds  received  in  war  are  made  by  instruments  specially 
designed  to  kill  or  produce  disability;  second,  the  wounds  so  made  have 
to  be  treated  under  conditions  in  general  materially  different  from  those 
which  obtain  in  surgical  practice  in  civil  life  in  time  of  peace.  The  great 
majority  of  wounds  received  in  war  are  made  by  rifle  bullets  or  other  pene- 
trating missiles.  The  trauma  is  usually  mainly  subcutaneous,  therefore 
hidden  from  view,  and  the  character  of  the  tissue  destruction  cannot  be 
determined  by  inspection,  but  can  be  known  to  the  surgeon  only  through 
study  or  previous  experience  with  like  cases.  The  insignificant  wound 
of  entrance  of  the  modem  small-caliber  rifle  bullet  gives  no  evidence  of 
the  amount  or  character  of  tissue  destruction  which  it  may  have  produced. 
With  such  insignificant  external  wound,  the  soft  parts  beneath  the  skin 
may  be  extensively  lacerated,  or,  if  a  bone  is  struck,  it  may  be  extensively 
comminuted  or  pulverized,  and  the  brain  or  other  soUd  organs  of  the 
body,  if  struck,  may  be  partially  or  almost  completely  disrupted.  Even 
wounds  from  hand  weapons  depend  for  their  gravity  most  generally  upon 
the  amount  of  subcutaneous  destruction  or  deep  infection  which  is  present. 
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The  conditions  relative  to  treatment  which  surround  both  the  surgeon 
and  the  patient  in  war  are  peculiar  and  special.  The  wounded  often  do 
not  receive  treatment  until  a  considerable  period  of  time  has  elapsed  after 
receiving  the  injury.  They  then  frequently  have  to  be  roughly  dressed 
and  transported  often  over  rough  roads  for  a  considerable  distance  before 
they  can  reach  even  the  field  hospital,  where  more  special  attention  can  be 
paid  them.  Here  the  conditions,  while  better  than  at  the  immediate 
front,  are  far  from  being  the  almost  ideal  ones  which  now  obtain  in  civil 
hospitals.  The  shelter  afforded  is  that  of  tents  or  ordinary  buildings,  the 
number  of  wounded  is  large  in  proportion  to  the  number  of  attendants, 
the  press  of  work  is  great,  the  appliances  are  often  limited,  and  the  general 
conditions  do  not  favor  the  careful  and  systematic  exploration  and  care 
of  wounds  which  usually  obtains  in  civil  life.  In  military  practice  after 
battle  the  number  of  wounded  is  great  and  the  attendance  small;  in  civil 
life  the  opposite  condition  obtains — the  number  of  injured  by  accident 
is  small,  while  the  number  of  the  attendants  is  large.  The  question  of 
transportation  is  also  an  important  one.  A  wounded  man,  instead  of 
being  kept  quietly  in  a  well-provided  hospital,  is  transported  from  the 
front  to  the  field  hospital,  and  then  by  train,  boat,  or  other  conveyance  to 
the  base  hospitals  at  the  rear.  From  there  he  is  frequently  transported 
still  farther  back  to  general  hospitals,  or  even  civil  hospitals  when  such 
are  used.  The  wounded  man,  therefore,  instead  of  being  systematically 
watched  and  tended  by  a  given  surgeon  or  surgeons,  is  shipped  from  one 
point  of  assistance  to  another,  with  constantly  changing  personnel  for  his 
treatment.  It  therefore  follows  that  while  the  science  of  surgery — that 
is,  the  general  rules  which  govern  tissue-trauma,  the  pathologic  processes 
which  result,  and  the  means  by  which  the  surgeon  may  favor  nature's 
methods  of  repair — is  the  same  for  all  surgery,  whether  military  or  civil, 
the  art  of  surgery — that  is,  the  application  of  the  surgeon's  knowledge  to 
the  conditions  present — necessarily  varies  according  to  the  conditions  sur- 
rounding the  case.  The  practice  of  military  surgery  is,  therefore,  some- 
what different  from  that  of  the  surgery  of  peace. 

As  the  peculiar  nature  of  the  traumas  received  in  war  requires  thor- 
ough knowledge  on  the  part  of  the  surgeon  in  order  to  enable  him  suitably 
to  treat  them,  all  authorities  on  military  surgery  are  unanimous  in  the 
opinion  that  the  surgeon  treating  these  cases  should  be  famiUar  with  the 
implements  by  which  the  injuries  are  inflicted,  otherwise  he  cannot  prop- 
erly understand  the  character  of  the  traumas  or  suitably  care  for  them. 

War  Weapons. — Weapons  used  in  war  are  divided  into  two  main 
classes:     (a)  hand  weapons,  (6)  firearms. 

Hand  Weapons. — ^Under  the  term  hand  weapons  are  included  all 
weapons  wielded  by  hand  other  than  those  in  which  an  explosive  powder 
or  expanding  gas  is  used.  The  term  edged  weapons,  or  side  arms,  is  used 
by  some  writers,  but  these  terms  are  too  restricted,  in  that  some  of  the 
hand  weapons  depend  for  their  efficiency  not  upon  a  cutting-edge  but 
upon  a  point,  and  the  term  side  arms  is  still  more  restricted,  in  that  it 
refers  particularly  to  the  hand  weajx)ns  carried  by  an  officer  or  soldier  and 
does  not  include  such  weapons  as  the  spear,  the  arrow,  etc.    Of  hand 
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weapons  there  are  three  main  classes — the  striking,  the  thrusting,  and 
the  cutting  weapons.  The  typical  striking  weapons  are  the  hammer  and 
the  mace,  now  obsolete,  but  the  butt  of  the  rifle  or  pistol  at  close  quarters 
is  occasionally  used  as  a  weapon  of  this  kind;  while  of  the  thrusting  in- 
struments the  straight  sword,  the  bayonet,  the  spear,  and  the  dagger  are 
typical  examples,  in  that  in  these  instruments  the  point  is  mainly  used, 
although,  if  the  bayonet  be  broad-bladed  or  the  dagger  be  like  that  of  the 
Malay  kris,  the  edges  of  these  weapons  affect  the  size  and  character  of  the 
wound.  The  saber  is  the  typical  cutting  instrument  with  which  part  of 
the  troops  of  modem  armies  are  provided.  The  Afghan  knife,  the  Cuban 
machete,  and  the  Filipino  bolo  come  under  the  same  class.  Many  of  the 
broad-bladed  Asiatic  swords  wielded  by  one  or  two  hands,  and  depending 
upon  their  edge  and  not  upon  the  point  for  their  efficiency,  are  also  in- 
cluded. 

Wounds  by  Hand  Weapons, — ^The  number  of  wounds  by  hand  weapons 
in  relation  to  the  total  number  of  wounds  in  war  is  comparatively  small. 
In  the  American  Civil  War  it  was  .37  of  1  per  cent.  In  the  Franco- 
German  War,  1.3  per  cent.  Information  from  the  war  between  Russia 
and  Japan  indicates  that,  while  the  total  number  of  wounds  by  hand 
weapons  was  not  large,  the  number  was  considerable  in  some  organiza- 
tions. The  high  efficiency  of  the  modem  rifle  and  artillery  fire  gave  rise 
to  the  development  of  the  night  attack,  in  which  the  attacking  force, 
without  firing  a  shot,  creep  up  to  the  intrenchments  of  the  enemy  and  then 
precipitate  themselves  against  the  foe,  using  their  hand  weapons  in  the 
close  hand-to-hand  m^l6e  which  follows.  Troops  engaged  in  such  attacks 
had  a  large  percentage  of  wounded  by  this  class  of  weapons,  but  the  total 
in  the  army  was  comparatively  small.  Similar  conditions  in  future  wars 
will  undoubtedly  give  rise,  in  troops  so  engaged,  to  quite  a  large  number 
of  wounds  from  weapons  of  this  kind. 

Wounds  made  by  striking  loeapons  are  few  in  number,  and  when  seen 
present  no  special  characteristic.  A  wound  by  the  butt  of  a  musket  may 
be  simply  a  superficial  or  a  subcutaneous  contusion,  or  a  fracture  of  a  bone, 
and,  if  the  head  be  stmck,  the  wound  may  be  accompanied  by  concussion 
or  compression  of  the  brain.  Such  wounds  are  so  like  the  ordinary  wounds 
by  violence  seen  in  civil  life  that  they  require  no  special  comment. 

Wounds  by  Cutting  Weapons. — Wounds  by  these  weapons  have  an 
incised  quality  for  their  main  characteristic,  although,  if  the  weapon  be 
dulled,  as  is  the  case  with  the  saber,  the  wound  is  also  somewhat  lacerated, 
the  tissues  being  tom  apart  as  well  as  incised.  With  the  sharp-edged 
Asiatic  swords,  and  with  the  machete  or  bolo,  deep,  cleanly  cut  wounds 
may  be  made.  Large  areas  of  superficial  tissue  may  be  sliced  off,  the 
skull  may  be  cleft,  or  an  upper  extremity  may  be  partially  or  completely 
severed.  The  main  peculiarities  of  these  injuries  are  that  the  hemorrhage 
is  generally  profuse,  the  artery  being  cleanly  cut;  the  wound  is  generally, 
though  not  always,  infected;  is  wide  open;  and  muscles,  tendons,  and 
nerves  are  frequently  severed,  with  resulting  disability.  If  a  large  vessel 
is  wounded,  the  hemorrhage  is  usually  profuse  and  severe,  requiring  im- 
mediate treatment  either  by  compression  or  ligation.    In  many  cases 
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the  artery  can  be  ligated  directly  in  the  wound,  the  clean-cut,  wide 
open  wound  particularly  favoring  this  operation.  If  tendons  or  nerves 
are  severed,  they  should  be  united  at  the  earliest  possible  time.  Too 
frequently  the  surgeon  neglects  to  do  this,  and  operation  after  healing  of 
the  wound  and  when  a  cicatrix  is  formed  makes  uniting  of  the  retracted 
structure  much  more  difficult,  and,  if  some  time  has  elapsed,  degeneration 
of  the  nerve  may  prevent  restoration  of  its  function. 

In  most  cases  the  subcutaneous  tissues  and  skin  may  be  immediately 
approximated  by  sutures;  but  in  all  cases  it  is  best  to  leave  a  small  drain 
at  the  most  dependent  part,  complete  closure  of  the  wound  being  contra- 
indicated  because  the  presence  or  absence  of  infection  cannot  always  be 
accurately  determined,  and  a  small  drain  will  do  no  harm  and  may  do 
much  good  by  preventing  the  serious  results  which  may  follow  in  a  closed 
wound  if  infection  be  present. 

Wounds  bij  Thrusting  Instruments. — ^Wounds  by  thrusting  instruments 
generally  unite  the  characteristics  of  laceration  and  incision,  the  incised 
quality  being  particularly  prominent  in  wounds  made  by  the  sharp- 
edged  Asiatic  sabers  and  by  such  weapons  as  the  Malay  kris.  Their 
gravity  depends  upon  the  character  of  the  subcutaneous  injury  and  the 
frequently  deeply  placed  infection.  Blood-vessels,  nerves,  and  tendons 
may  be  severed,  or  deeply  seated  organs  or  vessels  wounded.  As  in 
bullet  traumas,  the  skin-wound  gives  no  indication  of  the  amoimt  or 
character  of  subcutaneous  injury;  while  the  fact  that  infection  may  be 
carried  deeply  into  the  tissues,  so  leading  to  deep  inflammation  or  sup- 
puration, with  resulting  deep  abscesses  or  purulent  infiltration  along 
muscle  sheaths  or  other  paths  of  least  resistance,  gives  these  wounds  their 
peculiar  character  and  danger.  In  some  cases  the  wounds  are  uninfected, 
but  any  wound  made  by  hand  weapons  should  always  be  looked  upon 
with  suspicion  in  this  regard. 

The  treatment  of  wounds  of  this  character  must  necessarily  depend 
largely  upon  the  evidences  of  subcutaneous  injury  which  are  present,  but, 
imless  it  is  known  to  be  trifling  in  character,  it  is  generally  best  carefully 
to  expose  it  under  aseptic  technic,  if  necessary  enlarging  the  wound  of 
entrance  to  insure  careful  and  thorough  exploration,  cleaning,  and 
drainage.  In  most  cases  also  it  is  advisable  to  insert  at  least  a  temporary- 
drain  down  to  the  extreme  bottom  of  the  wound. 

Fractures  of  the  Skull  by  Hand  Weapons. — Fractures  of  the  skull 
by  hand  weapons,  if  the  cranial  cavity  is  opened,  are  always  grave.  When 
the  wound  is  made  by  a  cutting  weapon,  even  though  the  skull  be  quite 
cleanly  incised,  the  meninges  of  the  brain  are  liable  to  be  woimded  and 
small  spiculjfi  of  bone  or  detached  plates  of  bone  from  the  inner  table  are 
very  frequently  driven  into  the  brain.  When  the  fracture  is  made  by 
such  weapon  as  a  bayonet,  the  probabihty  of  the  presence  of  indriven  bone 
fragments  is  increased,  and  from  the  rather  blunt-ended  weapon  being 
driven  through  the  skull  and  the  overlying  scalp  the  probability  of  in- 
fection of  the  intracranial  structures  is  great.  Wounds  of  this  character 
are  particularly  dangerous  on  account  of  this  fact,  local  or  general  mening- 
itis very  commonly  developing. 
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The  treatment  of  wounds  of  the  skull  by  hand  weapons  is  directed 
first  to  the  arresting  of  hemorrhage  if  it  be  present;  second,  to  removal  of 
all  indriven  or  displaced  bone  fragments;  and,  third,  to  the  thorough 
cleansing  and  drainage  of  wounds  in  order  to  prevent  intracranial  inflam- 
mation. Every  fracture  of  the  skull  made  by  hand  weapons  should  be 
thoroughly  and  carefully  explored,  and,  if  both  tables  have  been  broken^ 
a  trephine  or  other  opening  should  be  made  in  the  skull  so  that  the  intra- 
cranial condition  may  be  determined.  In  doing  this  work  great  care 
should  be  taken  not  to  produce  additional  injury  to  the  dura  mater,  for 
loss  of  any  part  of  that  membrane  is  apt  to  be  followed  by  hernia  cerebri. 
Removal  of  all  depressed  and  displaced  fragments  and  a  careful  stitching 
of  the  dura,  with  the  exception  of  a  small  opening  through  which  a  small 
wick-drain  is  inserted,  may  usually  be  practised.  If  there  is  much  loss 
of  dura,  its  place  may  be  supplied  by  a  piece  of  the  pericranial  aponeu- 
sosis  which  can  be  obtained  by  lifting  a  flap  of  scalp.  Such  treatment  will 
greatly  lessen  the  probability  of  general  meningeal  inflammation  when 
infection  is  present.  Where  the  wound  is  clean,  the  drain  may  be  re- 
moved at  the  end  of  forty-eight  hours  with  little  fear  of  bad  after-effects. 

Penetrating  wounds  of  the  chest  by  hand  weapons  owe  their 
gravity  usually  either  to  the  hemorrhage  which  may  immediately  result 
or  to  the  inflammation  which  may  foUow  infection.  The  treatment  of 
these  cases  is  much  the  same  as  treatment  of  Uke  wounds  of  the  cranial 
cavity,  except  that  it  is  possible  to  practise  a  greater  degree  of  con- 
servatism unless  it  is  seen  that  the  wound  is  manifestly  infected  or  danger- 
ous hemorrhage  is  present;  the  treatment  then  becomes  similar  to  that 
adopted  for  bullet  wounds  of  the  same  region,  and  will  be  discussed  later. 

Penetrating  wounds  of  the  abdomen  by  hand  weapons  are  of 
great  gravity.  The  fact  that  hand-weapon  wounds  are  so  frequently 
infected  makes  it  probable  that  general  peritonitis  will  follow  even  though 
visceral  injury  is  not  present.  The  treatment  of  these  wounds,  as  with 
penetrating  bullet  wounds  of  the  abdomen,  must  depend  entirely  upon 
the  conditions  which  are  present.  If  injury  is  present,  it  should  be  re- 
paired, and  in  all  cases  it  is  probably  advisable  to  carry  a  small  gauze 
drain  out  through  the  original  weapon-wound.  Under  other  conditions, 
viz.,  those  which  ordinarily  obtain  at  the  front  in  time  of  war,  operative 
interference,  as  with  penetrating  bullet  wounds  of  the  abdomen,  is  con- 
traindicated  except  in  those  cases  where  the  danger  is  greater  to  the 
patient  from  non-interference  than  from  the  infection  which  may  follow 
operation  under  septic  conditions. 

Wounds  by  Miscellaneous  Destructives,— Miscellaneous  destruc- 
tives used  in  war  depend  for  their  effect  upon  explosives.  Torpe- 
does, fougasses,  mines,  and  hand  grenades  are  the  principal  destructives 
of  this  class.  The  injuries  from  these  are  of  widely  varied  character.  If 
the  wound  is  made  by  fragments  of  a  torpedo,  a  fougasse,  or  a  hand  gren- 
ade, it  will  resemble  the  wounds  made  by  shell  fragments.  If  made  by 
the  rending  force  of  the  explosive,  it  will  usually  be  ragged  in  character, 
and,  if  the  injured  person  is  near  the  source  of  explosion,  an  extremity 
may  be  blown  off  or  the  body  itself  extensively  lacerated.    In  mine 


970  MILITARY  SURGERY. 

explosions  the  person  injured  may  be  crushed  under  falling  timbers,  earth, 
or  rock,  or  may  be  struck  by  any  of  these,  producing  more  or  less  ex- 
tensive destruction  of  the  soft  parts,  fracture  or  comminution  of  the  bones, 
or  rupture  of  internal  organs.  This  class  of  injuries  is  to  be  treated  ac- 
cording to  the  general  principles  of  surgery,  and  therefore  requires  no 
specially  detailed  discussion  here. 

Firearms  and  Wounds  Made  by  Them.— Under  firearms  are  classed 
all  weapons  from  which  projectiles  are  propelled  by  means  of  exploding 
powder  or  expanding  gases.  The  wounds  from  such  weap)ons  are  known 
as  gunshot  wounds,  the  term  being  applied  to  any  traumatism  produced 
by  a  missile  set  in  motion  either  directly  or  indirectly  by  the  force  of  the 
exploding  jx)wder  or  expanding  gas.  A  missile  propelled  directly  from 
the  source  of  powder  and  producing  a  wound  is  known  as  a  direct  missile, 
whether  it  be  the  regular  projectile  from  the  piece  or  a  part  of  the  piece 
itself  in  case  of  explosion  of  the  firearm.  An  indirect  missile  is  a  missile  set 
in  motion  by  a  direct  missile.  Woimds  by  indirect  missiles  are  not  im- 
common;  coins  in  the  soldier's  pocket  or  pieces  of  his  accouterment  may 
be  driven  into  his  body  by  a  bullet,  fragment  of  a  shell,  or  other  direct 
missile. 

Firearms  are  divided  into  two  main  classes — small  arms  and  ar- 
tillery. Under  small  arms  are  classed  all  firearms  carried  by  the  soldier 
and  having  no  support  of  their  own,  such  as  the  rifle,  pistol,  etc.  Shot- 
guns, muskets,  and  multiple  firing  arms,  such  as  the  revolver,  are  in- 
cluded in  the  same  class.  Under  artillery  are  classed  all  firearms  ha\dng 
support  of  their  own,  whether  the  pieces  of  ordnance  are  movable,  as  in 
the  case  of  the  field  artiller>'  mounted  on  wheels,  or  fixed,  as  in  the  case  of 
the  coast  defense  guns. 

On  account  of  the  wide  difference  in  size  of  the  different  kinds  of 
firearms  the  projectiles  for  them  differ  greatly  in  size,  shape,  and  weight, 
and  consequently  in  the  traumas  they  may  produce. 

Artillery  Projectiles  and  Wounds  by  Them. — ^The  projectiles  used 
by  artillery  are  mainly  of  four  kinds — solid-shot,  shell,  shrapnel,  and 
canister.  Solid-shot  and  shell  are  primarily  used  as  defense  destroyers 
to  batter  down  earthworks,  pierce  the  armored  sides  of  vessels,  etc. 
When  they  produce  a  traumatism,  the  character  of  the  wound  will  depend 
upon  whether  it  is  made  by  an  unbroken  missile  or  a  fragment  of  it. 

Wounds  by  unbroken  artillery  projectiles  are  among  the  most  serious 
seen  in  war.  These  projectiles  are  so  large  that  the  wounds  are  always 
serious;  large  parts  of  the  body  may  be  torn  away  or  an  extremity  ampu- 
tated. Their  crushing  and  lacerating  effect  is  such  that  the  wounds  made 
by  them  resemble  the  large  traumas  caused  in  railroad  accidents.  The 
soft  parts  are  lacerated  and  pulpified  and  the  bones  crushed  and  splintered. 
Hemorrhage  is  ordinarily  profuse  when  the  large  vessels  are  involved; 
but,  from  the  lacerated  character  of  the  wounds,  the  hemorrhage,  unless 
the  larger  vessels  are  wounded,  is  usually  checked  by  contraction  of  the 
lacerated  vessel  walls.  Shock  is  usually  pronounced,  especially  if  the 
wound  be  large,  the  body  struck,  or  an  extremity  amputated. 

The  treatment  of  wounds  made  by  unbroken  artillery  projectile  is 
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usually  operative;  that  is,  if  an  extremity  be  struck  and  partially  or 
completely  amputated,  amputation  has  to  be  done  above  the  wound,  care 
being  taken  in  performing  the  operation  to  insure  sound  flaps,  as  the 
tissues  are  frequently  crushed  and  de\dtalized  for  some  little  distance  from 
the  wound.  Where  amputation  is  not  done  or  is  impracticable,  as  in 
body  injuries,  all  ragged  tissue  should  be  trimmed  away,  the  wounds  ap- 
proximated as  much  as  possible,  as  much  of  the  skin  saved  as  may  be,  and, 
when  granulation  has  progressed,  skin  grafting  done  if  necessary. 

Wounds  by  Shell  FragmerUs. — ^While  wounds  by  solid-shot  are  com- 
paratively infrequent,  those  by  shell  fragments  are  much  more  common. 
Wounds  by  shell  fragments  differ  greatly  in  size  and  character,  as  the 
amount  of  tissue  destruction,  the  depth  of  the  wound,  the  danger  to  life, 
and  the  after-efiFects  of  the  injury  depend  largely  upon  the  size,  weight, 
and  velocity  of  the  fragment  by  which  the  wound  is  made.  When  wounds 
are  made  by  large  fragments,  they  resemble  the  wounds  made  by  solid- 
shot,  in  that  large  portions  of  the  body  may  be  torn  away  or  an  extremity 
amputated.  From  these  large  and  extensive  traumas,  shell  wounds 
range  through  all  grades  of  size  and  amount  of  tissue  destruction  down  to 
the  minute  injuries  made  by  exceedingly  small  fragments.  The  modem 
high  explosives  with  which  shells  are  charged  tend  to  break  these  pro- 
jectiles into  many  fragments,  often  as  many  as  two  or  three  thousand  in 
number.  For  this  reason  multiple  wounds  by  shells  are  now^  common. 
Suzuki  and  other  observers  in  the  Russo-Japanese  War  record  cases  in 
which  there  were  as  high  as  one  hundred  wounds  or  more  in  a  single  in- 
dividual. The  larger  wounds  are  almost  invariably  infected,  the  size  of 
the  fragments  and  their  irregular  shape  greatly  increasing  their  proneness 
to  carry  pieces  of  dirt  and  clothing  into  the  wounds,  and  the  size  of  the 
wounds  is  particularly  favorable  to  secondary  infection.  The  wounds 
by  very  small  fragments  may  in  certain  instances  be  sterile,  but  in  all 
cases  there  is  much  greater  probability  of  infection  in  shell  wounds  than  in 
bullet  wounds.  In  all  shell-wounds  tissue-laceration  is  present,  and,  if 
the  bones  are  involved,  these  are  usually  extensively  comminuted,  the 
amount  of  comminution  depending  upon  the  size  of  the  shell-fragment, 
its  velocity,  and  its  angle  of  impact  against  the  bone.  High  velocity  and 
direct  impact  tend  to  produce  the  greatest  amount  of  comminution,  while 
slow-moving  fragments  or  oblique  impact  may  produce  only  oblique  or 
transverse  fractures. 

The  general  treatment  of  a  wound  by  a  shell-fragment  is  that  of  a  lac- 
erated and  infected  wound.  At  the  first  lines  of  assistance  during  battle 
these  wounds  should  ordinarily  be  simply  protected  by  first-aid  dressings, 
the  dressing  for  shell-wounds  now^  in  use  in  the  army  and  navy  being 
particularly  well  adapted  for  this  purpose.  If  the  wound  is  of  an  ex- 
tremity and  the  amount  of  destruction  in  the  soft  parts  is  considerable, 
even  though  the  bone  be  not  broken,  the  Hmb  should  be  supported  by 
splints  or  by  binding  it  to  the  opposite  limb,  if  it  be  a  lower  extremity,  or 
to  the  body  of  the  patient  if  it  be  an  arm  or  forearm.  At  the  field  hos- 
pital, if  the  wound  is  large  and  open,  it  should  be  carefully  explored  and  all 
ragged  tissue  removed.    The  wound  should  be  covered  as  much  as  pos- 
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sible  by  skin  in  order  to  expedite  healing,  and  should  thereafter  be  treated 
by  cleanliness,  irrigation,  antiseptic  dressings,  and  drainage.  If  the  main 
blood-vessels  of  an  extremity  are  destroyed  or  the  wound  be  so  large  or  so 
greatly  infected  as  to  endanger  life,  amputation  may  be  required.  The 
smaller  wounds  may  be  treated  expectantly  unless  there  are  evident  signs 
of  infection  or  inflammation.  Should  inflammatory  symptoms  appear  or 
suppuration  continue,  the  wound  should  be  immediately  and  thoroughly 
explored.  Persistent  suppuration  in  a  shell-wound  usually  indicates 
lodgment  of  infected  material,  such  as  a  piece  of  clothing,  at  the  bottom 
of  the  wound,  and  when  the  offending  material  is  removed  the  wound 
usually  heals  promptly. 

Shell-wounds  of  the  body  cavities  are  always  of  great  gravity,  in  that 
the  opening  is  usually  large,  ragged,  and  from  the  size  and  character  of 
the  missile  the  wound  is  apt  to  be  infected  and  the  contents  of  the  body 
cavity  considerably  injured.  All  shell-wounds  of  the  head  should  be 
very  carefully  explored,  and,  if  fracture  of  the  skull  is  present,  the  skull 
should  be  trephined  or  otherwise  opened  unless  there  is  entire  absence  of 
all  symptoms  of  intracranial  injury.  In  penetrating  shell-wounds  of  the 
abdomen  the  surgeon  is  confronted  with  the  same  difliculties  as  in  the 
case  of  penetrating  wounds  of  the  same  region  by  bullets  or  hand  weapons. 
Should  conditions  permit,  which  will  rarely  be  the  case  in  war,  the  abdo- 
men should  be  opened  in  the  median  line  in  every  case  of  penetrating 
wound,  the  visceral  lesion,  if  any,  repaired,  and  a  drain  carried  out  through 
the  original  wound. 

Wounds  by  Shrapnel. — Shrapnel  produces  the  largest  number  of  wounds 
by  artillery  missiles  seen  in  field  engagements.  A  shrapnel  consists  of  a 
cylindro-conoidal  case  partially  filled  with  bullets  and  containing  an  ex- 
plosive by  which  the  case  is  disrupted  and  the  bullets  scattered.  The 
buUets  are  of  lead,  round  in  form.  The  wounds  by  shrapnel  are  therefore 
of  two  kinds,  those  produced  by  fragments  of  the  case  and  those  produced 
by  the  bullets.  The  wounds  by  fragments  of  the  case  are  identical  with 
those  made  by  fragments  of  shell.  The  wounds  made  by  the  bullets  are 
similar  to  the  bullet  wounds  made  by  the  bullets  of  low  velocity  from  the 
older  firearms,  and  are  therefore  usually  not  so  serious  as  those  made  by 
the  modem  small-caliber  rifle  bullets.  They  do  not  usually  penetrate 
deeply,  are  more  apt  to  slide  around  tendons  and  blood-vessels  without 
injuring  them,  and  are  more  readily  deflected  from  their  course  by  bones 
or  even  the  more  resistant  structures  of  the  soft  parts.  A  shrapnel  bullet 
may  strike  a  rib,  be  deflected  by  it,  and  make  a  contour  wound  about  the 
chest  wall,  while  a  modem  small-caliber  rifle  bullet  is  rarely,  if  ever,  so 
deflected,  but  plunges  directly  through,  cutting  everything  in  its  course. 
The  fractures  made  by  shrapnel  bullets  are  rarely  extensively  comminuted, 
but  resemble  those  made  by  a  comparatively  slow-moving  agent. 

Infection  is  frequently  absent  in  wounds  made  by  shrapnel  bullets, 
this  being  especially  true  of  the  wounds  made  in  summer,  when  the  men 
are  lightly  clad  and  have  fairly  clean  clothing.  In  winter,  with  heavy 
clothing  which  is  more  or  less  soiled,  infection  is  much  more  common,  but 
usually  a  shrapnel  bullet  wound  can  be  considered  uninfected  unless  it  is 
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•evident  that  foreign  material  has  been  carried  into  the  wound  or  inflamma- 
tory symptoms  have  appeared.  The  treatment  of  wounds  by  shrapnel 
bullets  does  not  differ  in  any  particular  from  that  of  wounds  by  other 
bullets,  and  will  be  considered  under  the  general  heading  of  bullet  wounds. 

Canister  produces  wounds  similar  in  almost  every  particular  to  those 
produced  by  shrapnel.  A  canister  shot  consists  of  a  cylindric  outer  iron 
casing  containing  a  large  number  of  round  lead  bullets,  but  no  explosive. 
It  is  used  only  for  short-range  work.  The  case  is  fractured  by  the  ex- 
plosion within  the  piece,  the  bullets  and  fragments  of  the  case  then  being 
scattered  widely  to  the  front. 

Small  Anns  and  Wounds  by  Them. — The  small  arm  which  produces 
the  greatest  number  of  wounds  in  war  is  the  military  rifle.  Approx- 
imately 90  per  cent,  of  all  wounds  in  war  are  by  the  projectile  from  this 
arm.  The  piece  itself  is  the  result  of  the  gradual  evolution  of  firearms 
caused  by  endeavors  to  increase  the  range  of  the  piece,  its  rapidity  of  fire, 


9 


Fio.  501. — Evolution  of  thk  Rifle  Bullst. 

From  specimens  in  the  Army  Medical  Museum,     a.  Musket  ball;    6,  Mini^ball;  c,    Springfield, 

caliber  45;  d,  brass-jacketed  Kemington;  e,  Mauser. 

and  to  flatten  the  trajectory  of  its  bullet.  The  modem  military  rifles 
and  the  projectiles  fired  from  them  are  practically  the  same  among  the 
modem  civilized  nations.  The  rifle  used  in  the  United  States  army 
weighs  a  little  under  9  pounds,  is  43.5  inches  long,  has  a  barrel  24  inches 
long,  its  bore  has  a  diameter  of  0.30  inch,  and  the  twist  of  the  rifling  is  one 
turn  in  10  inches.  The  powder  pressure  in  the  chamber  at  the  time  of 
discharge  is  about  49,000  pounds  to  the  sciuare  inch.  The  gun  is  of  the 
magazine  type,  and  its  rapidity  of  fire  is  such  that  twenty-three  aimed 
shots  have  been  fired  in  one  minute  with  it  when  used  as  a  single  loader 
and  twenty-five  shots  in  the  same  time  when  using  magazine  fire. 

The  bullet  is  an  elongated  missile  with  an  ogival  head.  It  is  30-caliber, 
— i,  e.y  0.30  of  an  inch  in  diameter, — is  l\  inches  long,  weighs  220  grains, 
and  consists  of  a  core  of  lead  and  tin  composition  inclosed  in  a  jacket  of 
copper  and  nickel.  To  propel  this  missile  about  44  grains  of  nitro- 
glycerin powder  are  used.  The  velocity  of  the  missile  when  it  leaves  the 
lifle  is  2300  feet  per  second,  and,  as  the  twist  of  the  rifling  is  one  tum  in 
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10  inches,  the  bullet  revolves  upon  its  long  axis  about  twenty-five  hundred 
times  per  second.  On  account  of  its  great  resistance  to  deforming  vio- 
lence, due  to  its  outer  jacket  of  cupro-nickel,  its  high  velocity,  and  its 
small  size,  this  missile  has  great  penetrating  power.  At  50  feet  it  will 
penetrate  54.5  inches  of  pine,  and  at  1000  yards  it  will  still  penetrate  13.2 
inches  of  the  same  material. 

As  the  high  velocity  of  this  missile  is  an  important  feature  in  the  form 
of  trauma  which  it  produces  in  the  human  body,  some  conception  of  its 
velocity  should  be  had.  The  initial  velocity  of  a  missile  is  its  velocity  at 
the  time  it  leaves  the  piece;  its  remaining  velocity  is  its  velocity  at  any 
given  point  in  its  flight  before  it  comes  to  rest.  The  military  surgeon  is 
concerned  only  with  the  remaining  velocity,  that  is,  with  the  velocity  of 
the  missile  at  the  time  it  produces  the  injury.  But  the  velocity  of  this 
particular  missile  is  so  great  in  relation  to  its  size  and  weight  that,  so  far 
as  the  human  body  is  concerned,  the  missile  is  almost  always  driven 
straight  ahead  through  the  tissues,  and  is  rarely  deflected  by  any  of  the 
structures,  not  even  by  the  densest  bone.  While  the  missile  itself  is 
small,  from  its  high  velocity  it  is  capable  of  striking  the  resistant  tissues, 
such  as  the  bone,  with  great  energy;  and  its  velocity,  together  with  its 
small  size  and  ogival  head,  causes  it  to  penetrate  much  more  deeply  than 
the  older,  larger,  and  more  slowly  moving  missiles.  The  possibility  of 
deep  infection  and  injury  to  the  deeper  structures,  blood-vessels,  nerves, 
and  viscera  is  thereby  increased,  and  this  accounts  for  the  serious  injury 
which  the  missile  may  produce  although  it  is  small  in  size. 

The  results  following  the  icse  of  the  modem  military  rifle  in  war  come 
under  three  heads:  (a)  its  effect  in  producing  death  upon  the  battlefield; 
(6)  its  early  effect  upon  the  wounded  who  come  under  treatment  and 
recover;  and  (c)  its  late  effect  upon  the  wounded  who  recover. 

Of  these,  the  first,  viz.,  its  effect  in  producing  death  upon  the  battlefield, 
is  of  the  greatest  interest  to  the  mihtary  expert;  and,  in  this  connection, 
it  may  be  said  that  previous  to  the  experience  of  recent  wars  the  immediate 
death-dealing  capacity  of  the  modem  military  rifle  was  much  under- 
estimated by  many  writers.  It  was,  and  is  still,  thought  by  many  that 
the  small  size  of  the  bullet  would  much  lessen  the  probability  of  its  pro- 
ducing immediate  death;  but  in  this  supposition  the  element  of  greater 
penetration  is  overlooked,  and  the  real  results  seem  to  show  that  the  number 
of  those  killed  outright  upon  the  battlefield  is  as  great  as,  if  not  greater 
than,  in  former  wars  where  the  larger  and  more  slowly  moving  bullets 
were  used.  Thus,  in  the  Crimean  War,  among  the  English  troops  there 
was  one  killed  to  every  4.39  wounded,  this  being  the  highest  proportion 
of  killed  to  wounded  recorded  previous  to  the  Anglo-Boer  War.  In  the 
American  Civil  War  the  proportion  was  one  killed  to  5.57  wounded,  and 
in  the  Franco-Prussian  War  one  to  5.77.  Comparing  these  data  with 
the  ratio  killed  to  wounded  in  recent  wars,  we  find  that  the  lowest  pro- 
portion was  in  the  Spanish-American  War  in  Cuba,  where  there  was 
but  one  killed  to  6.28  wounded;  but  in  the  Philippine  War  one  was  killed 
to  5.33  wounded,  and  in  the  Anglo-Boer  War  one  was  killed  to  4.12  wounded, 
a  higher  proportion  than  in  any  preceding  war.     The  complete  statistics 
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of  the  Russo-Japanese  War  are  not  yet  obtainable,  but  from  the  figures 
given  out  it  appears  that  the  ratio  of  killed  to  wounded  has  been  fully 
sustained  by  the  modem  rifle. 

As  to  the  second  eflFect  of  the  use  of  the  modem  rifle,  viz.,  its  more 
immediate  effect  upon  the  wounded  who  recover,  it  may  be  stated  that, 
as  the  use  of  the  new  arm  and  modem  surgical  methods  came  practically 
together,  it  is  extremely  difficult  to  determine  the  exact  effect  which  each 
of  these  has  had  relative  to  the  outcome  in  the  case  of  the  wounded  who 
recover.  That  each  has  had  a  definite  effect  cannot  be  doubted,  for, 
by  comparing  the  mortality  in  flesh  wounds  in  recent  wars  with  that  in 
former  wars,  it  is  seen  that  the  percentage  of  death  from  such  wounds 
is  extremely  smaU,  proving  that  by  modem  aseptic  and  antiseptic 
methods  deaths  are  now  prevented  which  formerly  occurred  from  septic 
or  inflammatory  conditions.  Equally,  it  appears  that  in  the  large  majority 
of  the  wounded  who  come  under  treatment  the  small  size  of  the  missile 
has  materially  lessened  the  amount  of  tissue  destruction,  except  in  those 
special  cases  where  the  high  velocity  and  deeper  penetration  of  the  missile 
have  caused  serious  wounds  of  body  cavities  or  contained  viscera. 
It  appears,  therefore,  so  far  as  the  wounded  who  come  under  treatment 
are  concerned,  that,  considering  the  total  number,  the  number  of  recoveries 
in  this  class  has  greatly  increased,  and  also  that  rapid  recoveries  are  more 
common  than  formerly.  At  the  same  time,  from  its  high  velocity  and 
great  penetrating  power,  the  missile,  when  it  penetrates  the  body  cavities, 
can  there  produce  such  serious  injury  that  in  wounds  of  these  regions  the 
mortality  is  still  quite  high.  However,  the  two  factors  of  decreased  size 
of  missile  and  modem  surgical  methods  have,  in  the  total,  materially  de- 
creased the  mortality  of  wounded;  for,  while  among  the  English  troops 
in  the  Crimea  15.2  per  cent,  of  the  wounded  died,  in  the  American  Civil  War 
12.9  per  cent.,  in  the  Franco-German  War  among  the  Prussian  troops  11 
per  cent.,  in  the  Spanish-American  War  but  5.3  per  cent,  died,  and  in  the 
Anglo-Boer  War  but  8.3  per  cent.  The  available  statistics  of  the 
Japanese  troops  in  the  Russian  War  give  a  low  mortality  of  wounded,  but 
the  exact  figures  covering  all  deaths  among  the  wounded  have  not  yet 
been  published.  In  summary,  it  may  be  stated  that  the  wounds  pro- 
duced by  the  modem  rifle  bullet  are  either  almost  immediately  fatal  or  of 
such  a  character  as  to  make  the  probability  of  recover^'  very  great,  except 
in  the  case  of  woimds  where  vital  organs  are  stmck. 

As  to  the  third  result,  viz.,  the  late  effect  upon  the  wounded  who  re- 
cover, it  appears  that  permanent  disability  is  much  less  apt  to  occur 
than  was  the  case  when  larger  missiles  and  the  older  surgical  methods 
were  used.  A  greater  proportion  of  the  wounded  recover  quickly 
and  return  to  the  fighting  force.  This  has  been  noted  by  all  observers 
in  recent  wars,  so  much  so  that  it  may  be  questioned  whether  a  military 
arm  which  kills  a  large  proportion  immediately  upon  the  battlefield  and 
disables  another  large  proportion  only  slightly  and  for  a  brief  period  of 
time,  so  allowing  their  quick  return  to  the  front,  is  a  particularly  effective 
military  weapon. 

The  Character  of  the  Traumas  Produced  by  the  Modem  Military 
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Rifle  Bullet. — The  character  of  the  traumas  produced  by  this  missile 
depends  largely  upon  two  factors:  (a)  the  velocity  of  the  missile  at  the 
time  of  impact,  and  (6)  the  structure  of  the  tissue  or  part  wounded. 

The  interrelation  of  these  factors  appears  to  determine  quite  definitely 
the  character  of  the  tissue  destruction,  the  greatest  being  produced  when 
a  bullet  at  maximum  velocity  strikes  the  more  resistant  structures,  such 
as  compact  bone  or  fluid-saturated  organs.  This  might  be  expected,  for 
the  dynamics  of  a  bullet  are  similar  to  those  of  any  body  in  motion;  the 
energy  given  out  by  any  moving  body  when  partially  or  wholly  arrested 
depending  upon  the  velocity  of  the  moving  body  and  the  amount  of  re- 
sistance which  it  encounters.  If  a  moving  body  encounters  but  little  resist- 
ance, it  gives  out  but  little  of  its  energy;  but  if  it  encounters  great  resist- 
ance, the  energy  given  out  at  the  place  of  resistance  is  great.  Certain  tissues 
of  the  body,  such  as  the  skin,  muscle,  fascia,  and  adipose  tissue,  offer  but 
little  resistance  to  the  small,  ogival-headed  rifle  bullet;  it  therefore  expends 
in  them  only  sufficient  energy  to  penetrate  them,  and  consequently  it  pene- 
trates such  tissues  cleanly  and  directly,  cutting  quite  smoothly  whatever 
lies  in  its  path.  Even  the  spongy  bones,  as  those  of  the  face,  carpus, 
metacarpus,  epiphyses  of  the  long  bones  in  old  persons,  or  bone  softened 
by  disease,  are  generally  perforated  cleanly  or  with  little  shattering,  what- 
ever the  range  or  velocity  of  the  missile  may  be. 

When,  on  the  other  hand,  the  missile  is  resisted,  just  so  much  as  it  is 
resisted  will  it  transmit  its  energy  to  the  tissues  struck.  It  is  this  factor 
of  resistance  which  explains  the  destruction  done  by  a  deformed  missile 
at  high  velocity  when  it  strikes  the  body ;  for  the  deformed  missile  offers 
a  larger  striking  surface,  thus  causing  the  tissues  to  resist  its  passage,  and 
transmitting  to  them  on  account  of  the  resistance  which  it  encounters  a 
greater  amount  of  its  energy,  the  transmission  of  energy  being  evidenced 
by  the  greatly  increased  size  of  the  trauma. 

It  follows  that  the  rifle  bullet,  whether  deformed  or  undeformed,  pro- 
duces its  minimum  amount  of  traumatism  at  long  range,  i.  €.,  when  at  low 
velocity,  and  that  when  the  tissues  struck  are  resistant,  the  amount  of 
tissue  destruction  increases  with  the  shortness  of  the  range  and  the  con- 
sequent higher  velocity  of  the  missile.  At  long  range  the  undeformed 
bullet  produces  a  minimum  amount  of  comminution  in  the  shafts  of  the  long 
bones  or  bones  composed  of  compact  tissue,  and  the  minimum  amount 
of  destruction  in  organs  with  fluid  contents  (stomach,  intestines,  and 
bladder)  and  bodies  of  spongy  texture  containing  large  quantities  of  fluid 
(brain,  liver,  spleen,  and  kidneys).  But  in  these  tissues  and  organs  the 
destructive  effect  of  the  bullet  increases  with  the  shortness  of  the  range, 
until  at  about  six  hundred  yards  and  under  it  will  produce  extensive  com- 
minution in  compact  osseous  tissue  and  will  often  act  with  explosive 
violence  upon  the  brain,  hver,  kidneys,  spleen,  or  stomach,  unless  the  last 
is  empty. 

If  the  bullet,  instead  of  being  smooth-headed,  is  deformed,  the  amount 
of  destruction  which  it  produces  with  given  velocity  and  resistance  of 
tissue  will  be  in  proportion  to  the  size  of  its  striking  face.  The  more  de- 
formed the  missile,  the  greater  the  destruction  it  will  produce. 
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The  explosive  effect  of  the  small-caliber  bullet  has  been  noted  by  all 
writers,  and  various  theories  have  been  advanced  as  to  its  cause.  It 
appears,  however,  that  this  effect  is  simply  as  indicated  above,  viz.,  the 
transmission  of  the  great  energy  of  a  high-velocity  missile  to  the  tissues. 
The  explosive  effect  is  seen  only  in  the  resistant  tissues,  that  is,  tissues 
which  from  their  structure  are  hard  or  are  filled  with  incompressible  fluid. 
When  the  bullet  impinges  upon  organs  or  tissues  which  present  but  little 
resistance  to  its  course,  it  makes  clean-cut  perforations  of  them,  imme- 
diately fatal  results  arising  only  from  wounds  of  blood-vessels,  perforations 
of  the  heart,  or  impingement  of  the  bullet  upon  some  vital  part  of  the  central 
nervous  system.  Lateral  transmission  of  energy  is  the  factor  of  main  im- 
portance in  producing  explosive  effect.  It  seems  most  probable  that  this 
energy  is  transmitted  in  either  of  two  ways:  through  the  transmission  of 
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Fio.  602.— Deformed  Bdlletb  Removed  from  Spanish-American  War  Cases. 
A,  Shrapnel;    B,  brass-jacketed  Remington;  C,  Mauser  bullets. 

vibrations  set  up  in  compact  bone  tissue  by  the  impact  of  the  bullet  or  by 
the  sudden  displacement  outward  of  the  molecules  of  incompressible 
fluid  in  fluid-saturated  or  fluid-containing  organs.  Compact  bone,  when 
struck  by  a  missile  at  high  velocity,  is  disrupted  by  the  suddenness  of  the 
shock,  and  not  only  are  vibrations  set  up  in  the  bone,  but  the  osseous 
particles  are  driven  outward  and  act  as  secondary  missiles  which  increase 
the  trauma  either  by  directly  destroying  the  tissues  or  by  transmitting  the 
energy  of  the  missile  to  them.  When  a  fluid-containing  or  fluid-saturated 
organ  is  struck  by  a  high-velocity  missile,  the  impact  is  so  sudden  and 
violent  upon  the  incompressible  fluid  that  the  energy  is  transmitted  in  all 
directions  by  the  molecules  of  the  fluid,  and  wide  disruption  of  the  organ 
occurs.  With  a  bullet  moving  at  lower  velocity,  the  shock  in  the  bone 
or  organ  is  less,  the  disruption  consequently  less,  and  with  still  lower 
velocity  the  ball  may  pass  through  the  same  tissue  or  organ  with  prac- 
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ticaUy  no  lateral  destructive  effect.  This  explains  why  in  some  cases  the 
skull  and  the  contained  brain  are  greatly  injured,  while  in  other  cases  the 
same  structures  are  simply  perforated;  the  first  effect  being  due  to  a  high- 
velocity  and  the  second  to  a  low-velocity  missile.  The  result  may  be 
likened  in  a  way  to  the  difference  in  effect  produced  by  dropping  a  bullet 
into  water  contained  in  an  open  vessel  and  by  firing  a  bullet  into  it;  in  the 
first  case  the  bullet  will  enter  the  water  making  only  a  slight  disturbance, 
and  that  mainly  upon  the  surface,  while  if  the  bullet  be  fired  into  the 
water,  the  vessel,  even  though  open  at  the  top,  will  be  completely  destroyed 
and  the  water  thrown  to  a  great  distance  in  all  directions. 

Effect  of  the  Compound  BuUet  on  the  Skin. — ^As  the  skin  is  elastic  and 
comparatively  non-resistant,  the  wounds  made  by  the  undeformed  rifle 
bullet  correspond  closely  to  the  size  of  the  missile  itself.  Unless  the  bullet 
strikes  a  bone  in  its  passage  through  the  part,  the  exit  wound  is  usually 
but  little  larger  than  the  wound  of  entrance,  and  closely  resembles  it  in 
appearance.  When  the  bullet  strikes  peri:)endicularly  to  the  skin  sur- 
face, the  wound  is  usually  circular  in  shape,  about  one-third  of  an  inch 
in  diameter,  slightly  depressed,  and  soon  covered  with  a  black  scab  from 
the  coagulated  blood.  When  the  bullet  enters  obliquely,  the  wound  of 
entrance  is  generally  oval  in  outline,  and,  when  the  missile  enters  or  passes 
out  through  a  fold  in  the  skin,  the  wound  may  be  sUt-like  and  so  small  in 
size  as  to  be  difficult  to  find.  After  a  few  days  the  edges  of  the  woimd 
may  present  a  slight  superficial  necrosis  or  inflammation,  but,  if  the  tissues 
be  not  infected  and  the  wound  is  kept  protected,  it  usually  heals  within 
a  week  or  ten  days  without  suppuration.  With  deformed  missiles  the 
entrance  wound  is  usually  much  more  jagged  in  outUne,  and  where  the  de- 
formed missile  passes  through  the  part  after  producing  an  explosive 
effect,  the  exit  wound  is  considerably  larger  than  the  wound  of  entrance, 
is  ragged  in  outline,  and  because  of  its  size  is  much  more  liable  to  secondary 
infection.  The  same  may  be  said  of  an  exit  wound  when  an  undeformed 
missile  strikes  resistant  bone  at  high  velocity,  so  producing  an  increased 
amount  of  trauma  and  driving  particles  of  bone  out  through  the  wound 
of  exit. 

Shrapnel  bullet  wounds  of  the  skin  differ  but  little  from  rifle  bullet 
wounds  in  size  or  other  characteristics;  in  fact,  it  is  generally  impossible 
to  tell  from  the  appearance  of  the  wound  whether  it  has  been  made  by 
rifle  or  shrapnel  bullet. 

Connective  tissue,  adipose  tissue ^  and  muscle ,  from  their  loose  and  open 
structure  and  from  their  not  being  fluid-saturated,  transmit  lateral  im- 
pulses but  feebly,  and  the  injury  to  these  tissues  is  therefore  confined 
to  the  track  of  the  bullet,  unless  they  are  in  the  path  of  destruction  pro- 
duced by  a  deformed  missile  or  an  undeformed  missile  giving  explosive 
effect. 

Tendons. — ^The  modem  rifle  bullet  is  but  rarely  deflected  from  its 
course  by  tendons,  and  injuries  to  these  structures  are  much  more 
common  than  was  the  case  when  the  slower  moving  bullets  were  used. 
These  latter  projectiles  were  readily  deflected  by  resistant  structures, 
which  now  frequently  escape  when  impinged  upon  by  a  shrapnel  bullet. 
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The  action  of  the  modem  rifle  bullet  is  more  knife-like  and  direct,  and  the 
surgeon  should  suspect  solution  of  continuity  whenever  a  tendon  lies  in 
the  track  of  a  bullet.  When  a  tendon  is  severed,  it  should  be  united 
as  soon  after  the  injury  as  possible;  otherwise  the  retraction  of  the  muscles 
and  the  binding  of  the  tissues  together  by  the  resulting  cicatrix  make  the 
union  of  the  tendon  more  difficult  and  the  restoration  of  function  less 
probable. 

Wounds  of  nerves  by  the  modem  rifle  bullet  present  certain  peculiar- 
ities, particularly  when  the  missile  is  at  high  velocity.  Like  the  tendons, 
the  nerves  are  much  more  apt  to  be  cut  by  the  new  bullets  than  they  were 
by  the  old,  and  in  fact  they  rarely  escape  if  they  lie  in  the  path  of  the  missile. 
The  distinctive  peculiarity  of  nerve  wounds  is  that,  from  the  delicate  and 
dense  structure  of  a  nerve,  the  energy  of  the  missile  is  readily  transmitted 
and  causes  what  the  Germans  call  a  violent  "  Erschiitterung"  (shaking) 
of  the  nerve.  This  effect  may  occur  when  the  bullet  is  at  high  velocity 
even  though  it  barely  graze  the  nerve,  the  transmission  of  the  missile's 
energy  producing  violent  motions  in  the  molecules  of  the  nerve  which  lead 
to  rapid  deterioration  of  its  structure.  When  a  nerve  is  impinged  upon 
by  a  high-velocity  missile,  the  injury  to  the  nerve  is  therefore  not  confined 
to  the  immediate  area  of  destruction,  but  the  molecular  disturbance  ex- 
tends both  proximally  and  distally.  This  makes  the  treatment  of  solution 
of  continuity  of  nerves  by  bullet  wounds,  especially  if  the  missile  was  at 
high  velocity,  much  more  difficult  than  solutions  of  continuity  produced 
by  cutting  instmments.  In  the  latter  case  there  is  no  dissemination  of 
destruction  and  the  nerve  can  be  readily  united.  In  the  case  of  bullet 
injury,  not  only  is  the  nerve  considerably  lacerated  and  some  extent  of 
its  continuity  destroyed,  but  the  molecular  destruction  may  extend  so  far 
that  union  of  the  nerve,  even  if  made,  will  not  give  restoration  of  function. 
In  fact,  operative  treatment  of  wounds  of  the  nerves  by  bullets  has  so 
far  not  been  highly  successful,  and  in  no  way  compares  with  the  favorable 
results  obtained  after  proper  operative  interference  in  the  case  of  nerves 
severed  by  edged  instruments.  In  any  case,  operation  to  restore  the 
continuity  of  a  nerve  should  be  done  as  soon  as  it  can  be  effected  under 
proper  aseptic  technic. 

Discomfort  and  disability  occur  in  some  cases  where  the  nerve  is  not 
directly  wounded  through  involvement  of  the  nerve  in  the  cicatrix.  These 
are  favorable  cases  for  operation,  as  the  removal  of  the  constriction  or 
pressure  upon  the  nerve  usually  gives  relief.  Referred  pains  are  not  un- 
common in  nerve  injuries,  the  patient  referring  his  symptoms,  if  pain  be 
present,  not  to  the  nerve  injured,  but  to  some  part  to  which  a  collateral 
branch  is  distributed. 

Wounds  of  Blood-vessels. — On  account  of  the  high  velocity  of  the 
bullet  of  the  modem  military  rifle  this  missile  rarely  slips  by  the  blood- 
vessels, but  severs,  perforates,  or  makes  lateral  woimds  of  them.  These 
wounds  are  so  cleanly  cut  that  retraction  of  the  walls  of  the  vessel,  leading 
to  arrest  of  hemorrhage,  is  not  so  much  favored  as  when  the  injury  is 
made  by  larger  and  slower  moving  projectiles.  When  the  walls  of  the 
vessel  are  not  all  cut,  contusion  or  laceration  without  perforation  may 
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result.  This  may  occur  when  the  rifle  bullet  strikes  a  vessel  very  obliquely. 
When  the  wall  of  the  vessel  is  only  partially  torn  or  is  devitalized  by  the 
impact  of  the  bullet,  true  aneurism,  that  is,  an  aneurism  the  walls  of  which 
are  formed  by  one  or  more  of  the  walls  of  the  vessel,  may  result.  The 
weakened  wall  of  the  blood-vessel  readily  dilates  and  later  gives  rise  to  all 
the  usual  symptoms  of  true  aneurism.  On  the  other  hand,  should  the 
cicatricial  formation  in  the  path  of  the  bullet  be  strong,  it  may  press  upon 
and  even  diminish  the  caliber  of  the  artery,  this  being  evidenced  by  absent 
or  diminished  pulsation  of  the  vessel  distal  to  the  wound.  The  true 
aneurisms  formed  in  the  way  above  noted  differ  but  little  from  ordinary 
idiopathic  aneurisms,  except  that  they  are  usually  more  localized,  and, 
having  a  thinner  wall,  give  a  more  pronounced  pulsation. 

False  aneurism  frequently  results  when  a  vessel  is  perforated  or  only 
partially  severed.  After  such  an  injury  interstitial  hemorrhage  may 
occur,  giving  rise  to  a  localized  arterial  hematoma  held  by  the  sur- 
rounding tissues.  These  tissues  may  organize  into  an  inclosing  sac  con- 
tinuous with  the  walls  of  the  wounded  vessel  and  opening  into  it.  When 
continuity  of  the  interior  of  the  sac  with  the  lumen  of  the  vessel  is  es- 
tablished, the  inflowing  blood  causes  the  pulsation  which  is  sometimes 
noted,  thus  showing  that  an  aneurism  has  formed.  These  false  aneurisms 
are  characterized  by  a  soft,  diffuse,  fluctuating  swelling,  and,  owing  to  the 
instability  of  their  walls,  are  apt  to  increase  rapidly  in  size. 

Interstitial  hematoma  in  its  early  stages  is  indicated  by  a  diffuse, 
fluctuating  swelling,  and,  if  it  be  considerable,  by  the  general  symptoms 
of  hemorrhage.  Later,  if  the  hematoma  becomes  organized,  the  tumor  is 
quite  hard  and  resistant  to  the  touch. 

Aneurismal  varix  and  varicose  aneurism  have  been  frequently  noted 
as  a  result  of  injury  to  blood-vessels  by  the  small-caliber  missiles  in  recent 
wars.  These  pathologic  conditions  are  due  to  the  passage  of  a  bullet 
between  an  artery  and  a  vein,  wounding  both  vessels  and  at  the  same 
time  producing  a  solution  of  continuity  in  the  tissues  between  them  so 
that  the  blood  may  pass  from  one  vessel  to  the  other.  If  the  blood  pass 
directly  through  without  dilating  the  connecting  channel,  an  aneurismal 
varix  is  estabUshed;  but,  if  the  new  channel  between  the  artery  and  the 
vein  becomes  dilated,  a  varicose  aneurism  corresponding  in  size  to  the 
dilation  is  formed.  Such  aneurism  is  really  a  false  aneurism  connected 
both  with  an  artery  and  a  vein.  Aneurismal  varix  can  usually  occur  only 
when  the  artery  and  vein  he  close  together,  while  if  the  vessels  are  some- 
what farther  apart  a  varicose  aneurism  is  more  likely  to  result.  An 
aneurismal  varix  may  occur  and  give  rise  to  but  little,  if  any,  discomfort 
and  to  few  symptoms.  Locally  it  is  evidenced  by  the  existence  of  a  purring 
thrill  and  a  pulsating  murmur.  The  symptoms  of  the  varicose  aneurism 
are  usually  those  of  a  false  aneurism,  viz.,  a  murmur  and  expansile  pul- 
sation of  the  tumor.  The  purring  thrill  is  a  distinct  physical  sign  of  both 
varix  and  aneurism  and  is  usually  present  in  the  fully  developed  stage. 
Makins  reported  that  in  all  cases  he  saw  in  the  Anglo-Boer  War  of  both 
aneurismal  varix  and  varicose  aneurism  there  was  a  decided  increase  in  the 
pulse-rate,  the  pulsations  reaching  100  to  140  per  minute;  and  in  the  cases 
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of  aneurismal  varix  this  acceleration  of  the  heart  action  was  often  the  only 
symptom  which  particularly  inconvenienced  the  patient. 

The  Treatment  of  Gunshot  Wounds  of  the  Blood-vessels. — 
Hemorrhage  to  a  dangerous  extent  from  wounds  of  blood-vessels  by  bullets 
depends  not  alone  upon  the  size  of  the  vessel  wounded,  but  upon  its 
situation  and  the  tissues  which  surroimd  it.  A  small-caliber  bullet  may 
partially  or  wholly  sever  quite  large  arteries  of  the  extremities  and  no 
great  hemorrhage  result,  the  track  of  the  missile  through  the  soft  parts 
being  so  small  that  the  natural  contraction  of  the  tissues  practically  closes 
the  wound  and  but  little  blood  escapes.  When  a  large  vessel  which  lies 
superficially,  such  as  the  femoral,  the  carotid,  or  the  axillary,  or  their 
accompanjdng  veins,  is  wounded,  the  hemorrhage  may  be  profuse  and 
quickly  fatal.  When  blood-vessels  in  the  body  cavities  are  wounded,  dan- 
gerous internal  hemorrhage  is  likely  to  follow  even  though  the  vessels  be 
small  ones,  for  in  these  cases  there  is  no  strong  surrounding  tissue  to  check 
the  outflow  of  the  blood. 

In  many  cases  hemorrhage  from  gunshot  injury,  particularly  if  it  be 
in  an  extremity,  will  cease  spontaneously  if  the  wounded  person  be  kept 
perfectly  quiet,  the  limb  elevated,  and  careful  compression  and  cold  be 
applied.  The  good  effect  of  rest  in  internal  hemorrhage  is  to  be  particu- 
larly emphasized.  When  the  hemorrhage  does  not  cease  spontaneously 
or  there  is  liability  of  its  recurrence,  the  ideal  treatment  is  proximal  and 
distal  ligation  of  the  vessel  in  the  wound.  To  carry  out  this  procedure 
in  bullet  wounds  it  is  necessary  to  enlarge  the  wound,  and  this  should 
be  done,  when  possible,  under  aseptic  precautions.  This  ideal  treat- 
ment cannot  always  be  carried  out,  particularly  in  those  cases  in  which 
the  situation  of  the  injury  is  such  that  the  vessel  cannot  be  readily 
reached  at  the  point  of  injury.  In  such  cases  proximal  ligation  may  be 
resorted  to.  When  this  is  done,  the  surgeon  should  always  bear  in  mind 
the  dangers  arising  from  the  sudden  arrest  of  blood  following  the  ligation 
of  the  main  artery  of  a  part.  The  danger  of  gangrene  following  such 
operation  is  particularly  present  in  the  lower  extremity,  and  especially 
if  there  is  a  large  wound  distal  to  the  point  of  ligation. 

Recurrent  hemorrhage^  after  bleeding  has  stopped  spontaneously, 
is  often  due  to  movement  of  the  person  wounded  or  to  restoration  of  the 
blood-pressure  after  recovery  from  shock.  In  military  surgery  where  the 
wounded  have  to  be  transported,  the  possibility  of  such  recurrent  bleeding 
should  always  be  borne  in  mind,  and,  where  there  is  likelihood  of  its  oc- 
currence, the  wounded  person  should  be  kept  as  quiet  as  the  conditions 
will  permit.  So,  also,  injudicious  handling  of  the  wounded  or  exploration 
of  the  wound  is  to  be  avoided. 

Secondary  Hemorrhage. — Secondary  hemorrhage  was  formerly  a  com- 
paratively common  sequel  in  gunshot  wounds.  It  is  now  known  that 
infection  is  the  main  causative  factor  of  this  condition;  the  infection  giving 
rise  to  necrosis  of  the  tissue  about  the  vessel  and  of  the  vessel  wall  itself, 
thus  weakening  the  vessel  so  that  it  is  readily  broken,  and,  as  the  devi- 
talized tissues  do  not  contract,  the  hemorrhage  is  profuse  and  constant. 
Prevention  of  secondary  hemorrhage  by  the  maintenance  of  asepsis  in 
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uninfected  wounds,  and,  in  infected  wounds,  by  the  use  of  mild  antiseptic 
irrigation  and  complete  drainage,  is  of  prime  importance  in  preventing 
this  condition,  for  the  tissues  are  thereby  maintained  in  the  best  condition 
for  repair. 

The  treatment  of  secondary  hemorrhage  is  often  difficult.  Local  com- 
pression is  for  only  temporary  use  until  operation  can  be  resorted  to.  In 
those  cases  where  the  bleeding  vessel  is  comparatively  superficial  and  the 
wound  in  fairly  good  condition,  the  wound  may  be  opened  and  the  vessel 
ligated.  In  this  procedure  it  is  often  difficult  to  find  the  vessel  and  to 
ligate  it  high  enough  to  insure  that  the  ligature  is  placed  above  diseased 
tissue.  When  this  operation  must  be  done,  and  through  an  infected  area, 
the  ligation  should  be  preceded  by  thorough  cleansing  of  the  infected 
tissues,  and  should  be  followed  by  careful  and  thorough  drainage.  The 
ideal  operation  is  to  ligate  both  ends  of  the  vessel  through  sound  tissue 
on  either  side  of  the  wound.  When  this  cannot  be  done,  proximal  ligation 
of  the  main  vessel  or  amputation  has  to  be  resorted  to.  Amputation  may 
be  preferred  to  proximal  ligation,  especially  in  the  lower  extremity  when 
the  case  is  a  septic  one  and  when  there  is  much  destruction  of  the  soft 
parts,  or  when  there  is  a  large  wound  distal  to  the  point  of  ligation.  If 
the  main  blood-supply  of  an  extremity  in  which  there  is  an  infected  wound 
be  cut  off,  the  probabiUty  of  gangrene  or  severe  systemic  infection  is 
greatly  increased.  Great  progress  in  the  surgery  of  the  blood-vessels 
has  recently  been  made  through  the  experimental  work  of  Carrel  and 
Guthrie,  Page,  and  others,  and  it  is  possible  that  in  favorable  cases  suture 
or  cross-anastomosis  of  artery  and  vein  may  prevent  or  limit  gangrene. 

Gunshot  Fractures. — Solution  of  continuity  in  bone  by  bullets 
differs  in  character  according  to  the  velocity  and  size  of  the  projectile, 
the  compactness  of  the  bony  structure,  and  the  angle  of  impact  of  the 
missile.  The  maximum  destructive  effect  is  produced  when  a  deformed 
missile  at  high  velocity  strikes  compact  bone.  The  minimum  effect  is  pro- 
duced when  an  undeformed,  small-caliber  missile  strikes  cancellous  bone. 
In  compact  osseous  tissue  the  energy  of  the  missile  is  readily  disseminated, 
giving  rise  to  long  fractures  and  extensive  comminution.  In  the  less 
dense  cancellous  tissue,  such  as  the  extremities  of  the  long  bones,  an 
undeformed  bullet  may  perforate  with  little  or  no  fragmentation. 

Fractures  of  the  Diaphyses  of  the  Long  Bones. — ^When  an  im- 
deformed  rifle  bullet  strikes  a  bone  the  character  of  the  fracture  produced 
varies,  mainly,  with  the  velocity  of  the  missile  and  the  angle  of  impact. 
In  general,  it  may  be  stated  that  the  amount  of  damage  done  in  the 
diaphysis  of  a  long  bone  by  a  rifle  bullet  depends  largely  upon  the  range  at 
which  the  injury  is  received  and  the  consequent  velocity  of  the  missile, 
and  that  the  amount  of  comminution  decreases  as  the  range  increases.  This 
general  rule  is  subject  to  some  variations.  Median  perpendicular  impact 
gives  rise  to  greater  comminution  than  does  a  lateral  oblique  impact. 
Also,  observations  in  the  Boer  War  indicate  that  at  long  range  considerable 
comminution  of  the  shafts  of  long  bones  may  be  produced  through  the 
missiles  striking  with  a  more  or  less  extended  area  of  their  sides.  Toward 
the  end  of  its  flight  the  rifle  bullet,  instead  of  traveling  with  its  point 
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to  the  front,  oscillates,  or  wobbles,  and  may  thus  strike,  not  perpendicu- 
larly with  its  head,  but  more  or  less  crosswise;  and  it  thus  strikes  the  bone 
harder  than  it  would  if  it  impinged  head-on. 

There  are  six  types  of  fracture  by  gunshot:  (a)  incomplete,  (b)  Y-shaped, 
(c)  oblique,  (d)  transverse,  (e)  X  or  butterfly,  and  (/)  irregular  fractures. 

The  incomplete  form  of  fracture  in  the  shafts  of  long  bones  is  of  two 
varieties.  One  form  is  that  in  which  the  shaft  is  simply  grooved  or  a 
fragment  chipped  off  by  a  bullet  striking  the  bone  very  obliquely.  This 
form  of  fracture  is  usually  produced  only  by  a  bullet  traveling  at  quite  low 
velocity.  The  second  incomplete  form  of  fracture  is  that  in  which  the 
bone  is  perforated  with  but  short  Assuring  which  does  not  extend  to  the 
sides.  This  incomplete  form  of  fracture  is  rarely  seen,  and  then  usually 
only  toward  the  extremities  of  the  largest  bones,  such  as  the  femur  and 
tibia. 

The  Y-shaped  fracture  is  usually  produced  in  the  same  way  as  the  in- 
complete fracture  above  described,  except  that  the  bullet  strikes  the  bone 
nearer  the  median  line,  and  not  only  chips  off  a  V-shaped  fragment,  but 
produces  a  transverse  crack  extending  from  the  apex  of  the  V  across 
the  shaft. 

The  oblique  fracture  is  by  far  the  most  common,  and,  even  when  the 
shaft  of  a  long  bone  is  badly  comminuted  and  when  considerable  displace- 
ment of  the  fragments  is  produced,  the  main  line  of  injury  can  usually 
be  seen  to  be  oblique.  This  form  of  fracture  may  be  produced  by  a  bullet 
striking  the  bone  with  any  except  the  highest  velocity. 

Transverse  fractures  by  rifle  bullets  are  rarely  seen,  but  may  occur  when 
the  bullet  is  at  very  low  velocity  and  strikes  the  bone  with  only  suflScient 
force  to  crack  it. 

Butterfly,  or  X-ehaped,  fracture  is  produced  when  a  bullet  strikes  the 
median  line  of  a  bone  perpendicularly  to  its  long  axis.  In  such  case, 
if  the  bullet  passes  through  the  bone,  it  makes  a  hole  from  which  the  lines 
of  an  X  radiate.  If  the  missile  is  at  high  velocity,  great  comminution 
of  the  bone  in  all  directions  may  occur  and  the  lateral  fragments  may 
be  driven  considerably  outward. 

The  irregular  types  of  fracture  are  mostly  produced  by  deformed 
bullets  or  by  undeformed  bullets  at  high  velocity  striking  the  median  line 
of  the  shafts  of  the  long  bones.  Under  such  conditions,  and  especially 
when  a  high  velocity  missile  deforms  and  presents  a  mushroom  head  to 
compact  osseous  tissue,  the  impact  of  the  missile  is  so  great  that  the  bone 
is  broken  into  many  fragments  and  a  true  explosive  effect  is  produced. 
These  wounds  are  often  very  serious;  not  only  is  the  tissue  destruction 
great,  but  the  bone  fragments  are  driven  forward,  destroying  the  soft 
parts  and  producing  a  large  wound  of  exit  sometimes  several  inches  in 
diameter. 

Comminution  in  Fractures. — ^The  fragments  into  which  compact 
bone  may  be  reduced  by  bullets  may  be  divided  into  three  groups: 
(a)  fine  bone  dust  or  debris  caused  by  direct  impingement  of  the  missile, 
(h)  small  splinters  up  to  one  inch  in  length  produced  as  the  missile  passes 
through  the  shaft,  and  (c)  the  larger  fragments  due  to  the  outer  Assuring. 
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Bone  dust  is  produced  by  direct  impact  of  the  missile  and  is  seen  in  all 
cases  where  a  bullet  passes  through  the  bone.  The  number  of  small 
splinters  is  mainly  proportionate  to  the  velocity  of  the  missile  and  the 
density  of  the  bone.  They  are  consequently  very  numerous  in  an  ex- 
plosive wound,  are  frequently  much  displaced,  and  are  the  principal 
cause  of  the  laceration  of  the  soft  parts  in  these  injuries. 

Fractures  of  the  Epiphyses  of  Long  Bones. — ^As  above  noted, 
the  cancellous  structure  of  the  extremities  of  long  bones  offers  but  little 
resistance  to  a  missile,  therefore  does  not  readily  transmit  its  energy, 
and  perforation  with  little  fragmentation  is  the  rule  when  the  projectile 
is  undeformed.  Clean-cut  perforations  are  often  seen,  and,  if  the  fracture 
be  complete,  there  are  usually  but  one  or  two  radiating  fissures.    The 

minimum  amount  of  fragmentation 
of  the  extremity  of  a  long  bone  is, 
of  course,  possible  only  when  the  ex- 
tremity of  the  bone  is  of  considerable 
size  relative  to  that  of  the  bullet, 
and  it  therefore  occurs  only  in  the 
epiphyses  of  such  large  bones  as  the 
femur,  tibia,  and  the  head  of  the 
humerus.  When  the  extremity  of 
the  bone  is  not  much  larger  than 
the  missile,  there  is  generally  great 
destruction. 

When  the  extremities  of  the  larger 
bones  are  simply  grooved  or  per- 
forated by  a  bullet,  the  fracture  may 
be  made  complete  by  the  body-weight 
being  thrown  upon  the  bone  after 
receipt  of  the  wound,  and  an  incom- 
plete fracture  be  thus  made  into  a 
complete  one. 

When  a  rifle  bullet  is  deformed^ 
marked  comminution  of  the  epiphysis 
is  the  rule,  the  large  striking  surface  of  the  missile  making  up  for  the 
non-resistant  structure  of  the  bone. 

Fractures  of  the  Flat  Bones. — In  fractures  of  the  flat  bones  much 
depends  upon  the  size  of  the  missile.  When  the  bone  is  very  thin,  or 
cancellous  in  structure,  the  missile  may  perforate  with  little  fragmenta- 
tion, producing  a  hole  not  much  larger  than  the  area  of  cross-section  of 
the  bullet.  In  the  flat  bones  of  the  skull,  on  account  of  the  density  of 
their  structure,  considerable  fragmentation  is  usually  produced  unless 
the  bullet  is  travelmg  at  very  low  velocity,  when  quite  clean-cut,  punched- 
out  holes  are  common. 

The  diagnosis  of  gunshot  fracture  is  usually  not  difficult.  The 
most  pronounced  symptoms  are  the  extreme  abnormal  mobihty  of  the 
part,  especially  if  the  fracture  be  of  an  explosive  type,  and  the  little  or  no 
shortening  of  the  limb.    When  a  fracture  is  incomplete,  it  is  often  of 
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moment  to  determine  this  fact,  for  an  incomplete  fracture  may  so  weaken 
the  bone  that  unless  it  is  protected  a  complete  fracture  will  result.  The 
use  of  the  x-ray  is  of  great  value  in  these  cases,  and  in  fact  it  should  be 
used  in  all  cases  whenever  possible,  for  it  is  only  by  the  use  of  this  agent 
that  the  exact  character  of  the  fracture  and  the  position  of  the  bone 
fragments  can  be  determined. 

Treatment  of  Gunshot  Fractures.— The  recognition  of  the  fact 
that  many  gunshot  wounds  are  uninfected  has  greatly  influenced  the 
treatment  of  gunshot  fractures.  In  uninfected  wounds,  where  there  are 
no  special  factors,  such  as  displaced  bone  fragments,  which  might  inter- 
fere with  the  future  function  of  the  part,  the  fact  of  non-infection  enables 
the  surgeon  to  treat  these  cases  as  he  would  simple  fractures,  and  has  con- 
sequently given  rise  to  much  greater  conservatism  in  mihtary  surgery. 
Another  factor  which  has  materially  influenced  the  treatment  of  gunshot 
fractures  has  been  the  use  of  modem  methods  of  antisepsis  in  infected 
woimds,  for  by  the  use  of  these  methods  the  surgeon  is  able  to  more  or  less 
control  the  extent  of  infe^ction  and  the  inflammation  which  may  result. 
The  consequent  trend,  therefore,  of  military  surgery  has  been  toward 
rather  extreme  conservatism  in  fractures  caused  by  gunshot.  In  fact,  it 
may  be  stated  that  recognition  of  the  uninfected  nature  of  many  gun- 
shot wounds,  ^ith  consequent  appUcation  of  the  principle  of  non-inter- 
ference, and  the  treatment  of  infected  cases  by  modem  surgical  methods, 
have  been  the  essential  factors  in  saving  limbs  and  lives.  Even  as  late  as 
the  Franco-Prussian  War  the  theories  of  asepsis  and  antisepsis  had  not 
so  far  influenced  the  practice  of  surgery  as  materially  to  do  away  with  the 
old  ideas  of  radical  operation  and  the  consequent  general  resort  to  ampu- 
tation in  gunshot  fractures  of  extremities.  In  the  older  days  amputa- 
tion was  the  rule  in  such  injuries  of  the  upper  and  lower  limbs,  while 
now  it  is  the  exception.  In  general,  it  may  be  stated  that  the  presence 
or  absence  of  infection  in  gimshot  fractures  is  the  main  factor  which  de- 
termines the  treatment  of  the  case. 

The  next  factor  of  importance  is  the  displacement  of  bone  fragments, 
that  is,  if  the  fragments  are  so  displaced  that  they  press  upon  important 
stmctures  or  are  so  situated  that  they  may  prevent  proper  repair  of  the 
part.  In  general,  the  factor  of  least  importance  is  the  amount  of  com- 
minution which  is  present,  especially  if  the  wound  be  uninfected. 

In  uninfected  fractures  operation  will  be  rarely  required  unless  it  be 
to  replace  displaced  fragments  of  bone  or  to  remove  them.  When  such 
operation  is  necessary,  it  should  be  done  only  under  the  most  rigid  aseptic 
precautions.  Displaced  fragments  of  bone  still  united  to  the  periosteum 
should  be  put  in  place,  wired  there  if  necessary,  the  free  fragments  re- 
moved, and  the  limb  dressed  after  inserting  a  small  drain,  which,  if  the 
wound  proves  uninfected,  can  be  removed  at  the  end  of  forty-eight  hours. 

In  infected  wounds  operation  should  always  be  done.  The  seat  of 
fracture  should  be  exposed,  preferably  along  the  line  of  entrance  of  the 
missile,  all  loose  fragments  of  bone  should  be  removed,  and  the  wound 
very  carefully  cleansed  in  order  to  remove  all  foreign  material.  Free 
drainage  should   be  provided   and   antiseptic  treatment   carried  out. 
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In  some  cases  of  infected  compound  fractures  by  gunshot  these  conservative 
methods  are  not  followed  by  recovery.  The  infection  spreads  along  the 
long  fissures  in  the  bone  and  into  the  medullary  cavity,  producing  chronic 
ostitis  or  osteomyelitis.  By  the  use  of  antiseptic  measures  such  in- 
flammatory process  may  be  kept  more  or  less  localized  and  systemic  in- 
fection prevented,  but  necrosis  of  the  bone  will  occur,  and  suppuration, 
with  all  the  debilitating  effects  due  to  inflammation,  will  persist.  In  such 
cases  a  second  attempt  may  be  made  to  clean  out  the  focus  and  remove 
the  trouble.  But  in  some  cases  the  infection  is  so  disseminated  that  this 
procedure  will  prove  unsuccessful  and  amputation  will  be  required.  There 
is  an  evident  tendency  in  cases  of  bad  infection  of  the  larger  bones  of  the 
extremities  to  carry  conservative  treatment  too  far  now  that  the  more 
acute  inflammatory  symptoms  can  be  controlled  by  antiseptic  measures. 
Such  ultrarconservatism  is  to  be  avoided,  and  the  surgeon  should  not 
hesitate  to  operate  as  soon  as  he  sees  that  local  measures  are  inadequate. 

Gunshot  Wounds  of  the  Joints. — Until  recently,  gunshot  wounds 
of  the  large  joints  ranked  next  to  those  of  the  body  cavities  in  gravity, 
and  even  now  these  wounds  give  rise  to  serious  concern  when  the  joints  are 
laid  widely  open  or  are  infected.  But,  as  with  gunshot  fractures,  the 
treatment  of  gunshot  wounds  of  the  joints  and  results  obtained  by  treatment 
have  been  radically  affected  by  the  adoption  of  aseptic  and  antiseptic 
methods.  Previous  to  modem  sui^ery,  radical  operation  was  generally 
advocated  in  gunshot  wounds  of  the  knee  and  elbow,  and  even  of  the  ankle 
and  wrist.  Amputation  was  especially  recommended  in  wounds  of  the 
knee,  and  was  not  recommended  in  wounds  of  the  hip-joint  only  for  the 
reason  that  the  operation  of  disarticulation  at  the  hip  was  as  dangerous  as 
was  letting  the  case  alone.  To  von  Bergmann  is  due  the  inauguration  of  the 
practice  of  conservative  treatment  in  gunshot  wounds  of  the  joints  in 
the  surgery  of  war.  Von  Bergmann  noted  that  95  per  cent,  of  all  cases  of 
knee-joint  injury  treated  by  the  old  methods  of  amputation  or  digital 
exploration  died.  In  the  Russo-Turkish  War,  therefore  (thinking, 
doubtless,  that  no  worse  result  could  be  obtained  by  other  methods), 
he  concluded  to  try  non-interference  and  the  use  of  immobilization  and 
occlusive  dressings.  His  results  were  startlingly  good,  for  in  fifteen  serious 
cases  of  gunshot  woimd  of  the  knee  in  which  there  was  implication  of  the 
joint  with  extensive  comminution  of  the  bone,  he  lost  but  one  case,  this 
requiring  amputation,  the  others  recovering  with  movable  joints. 

We  now  see  that  the  change  in  military  sui^ery  from  radical  operation 
to  conservatism,  with  the  saving  of  life  and  limb  in  wounds  of  the  joints, 
has  been  made  possible  by  several  factors.  The  first  of  these  is  the  recog- 
nition of  the  fact  that  many  wounds  by  bullets  are  uninfected,  and  that 
therefore  non-interference  and  occlusive  dressings  are  all  the  treatment 
required.  Of  less  importance,  and  having  a  bearing  upon  the  future 
use  of  the  limb,  is  the  fact  that  the  fractures  of  the  ends  of  the  large,  long 
bones  by  bullets  are  not  much  comminuted,  and  that  displacement  of  the 
bone  fragments  is  generally  slight.  As  before  stated,  the  resistance  offered  to 
a  bullet  by  the  cancellous  structure  of  the  ends  of  the  large  bones  is  so  slight 
that  the  missile  expends  but  little  of  its  energy,  and  as  a  result  the  bone 
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lesion  is  usually  a  grooved  or  clean-cut  tunnel.  Even  when  this  groove 
or  tunnel  communicates  with  the  joint  cavity,  it  usually  fills  quickly  with 
exudate,  and,  when  repair  has  occurred,  often  gives  rise  to  no  ill  after- 
effect. In  any  case,  when  the  wound  is  uninfected,  ankylosis  of  the  joint 
is  the  most  serious  result  that  can  follow.  This  can  usually  be  rectified 
by  breaking  up  the  adhesions  under  anesthesia  or  by  operation  if  considered 
necessary.  However,  the  limb  may  be  sufficient  for  most  purposes  in 
its  ankylosed  condition.  Ankylosis,  when  it  occurs  in  these  cases,  is 
usually  due  to  displacement  of  bone  fragments  or  to  fibrous  union.  This 
result  is  more  likely  to  follow  gunshot  injuries  of  the  smaller  joints,  for 
the  bones  of  these  articulations  are  so  small  and  brittle  and  so  closely 
articulated  that  slight  irregularities  of  the  joint  surfaces  or  displacement 
of  the  bones  is  apt  to  interfere  with  nonnal  motion. 

Infection  of  the  joint  cavity,  unless  promptly  and  immediately  con- 
trolled, is  an  even  more  general  cause  of  ankylosis,  and  any  manifestly 
infected  joint  wound  should  receive  the  most  careful  aseptic  and  antiseptic 
treatment.  The  joint  should  be  opened,  the  joint  cavity  thoroughly 
washed  out,  and  drainage  instituted.  Such  cases  may  recover  with 
movable  joint,  but  ankylosis  is  generally  the  best  that  can  be  hoped  for. 
Should  the  infection  progress,  amputation  may  have  to  be  resorted  to. 

The  success  which  has  followed  the  adoption  of  conservative  treatment 
of  joint  wounds  in  war  is  shown  by  Haga's  statistics  of  the  Japan-China 
War  and  by  those  of  the  Spanish-American  War  as  compared  with  the  fig- 
ures for  the  American  Civil  War  and  the  Franco-Prussian  War.  The 
general  experience  of  surgeons  in  the  Anglo-Boer  War  and  the  Russo- 
Japanese  War  has  been  similar,  although  the  exact  statistics  of  these 
are  not  yet  available. 


PERCENTAGE  MORTALITY  FROM  WOUNDS  OF  THE  JOINTS  IN  FOUR 

WARS. 


Joint. 


Hip 

Knee  . . . 
Ankle  ... 
Shoulder 
Elbow  . . 
Wrist  . . . 


American 

Franco- 

Civil.  War. 

Prussian. 

84.7 

71.8 

53.7 

48.9 

26.9 

24.0 

31.1 

35.5 

9.4 

21.2 

12.9 

12.6 

Japan-  Spanish- 

China      I   American 
(Haga).    j  (Regulars). 


100.0 
25.0 
0.0 
0.0 
0.0 
0.0 


0.0 
5.5 
0.0 
0.0 
0.0 
0.0 


In  the  American  Civil  War  gunshot  wounds  of  the  hip-joint  were 
nearly  as  fatal  as  injuries  to  the  skull,  brain,  spinal  cord,  and  abdomen. 
Wounds  of  the  knee-joint  followed  with  a  mortality  of  53.7  per  cent., 
while  of  the  eighteen  cases  reported  in  the  regular  troops  in  Cuba  there 
was  but  one  death,  and  that  followed  amputation.  In  military  surgery 
the  conditions  relating  to  wounds  of  the  larger  joints  are  very  like  those 
present  in  penetrating  wounds  of  the  abdomen.  In  all  these  cases  there  is 
a  possibility  that  the  wound  is  aseptic  and  that  it  may  be  made  septic  by 
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operation  if  the  operation  be  attempted  at  some  place  in  the  field  where 
aseptic  precautions  cannot  be  properly  carried  out.  With  proper  aseptic 
technic  the  surgeon,  when  necessary,  may  open  a  joint  as  fearlessly  as  he 
would  the  abdomen,  but  under  the  usual  conditions  of  military  sui^ery 
and  in  view  of  the  high  mortality  from  operation  and  the  good  results 
of  conservatism,  the  military  surgeon  is  not  warranted  in  opening  joints 
unless  he  can  take  proper  aseptic  precautions  or  the  life  of  the  patient 
is  in  imminent  danger.  Where  the  joint  is  manifestly  infected  no  harm 
can  be  done  by  operation,  even  though  asepsis  be  not  perfect,  for  the 
use  of  antiseptics  and  drainage  is  indicated.  The  need  for  such  treatment 
ordinarily  arises  in  the  case  of  wounds  from  shells  or  deformed  missiles. 
In  these  cases  the  operation  which  will  best  serve  will  have  to  be  de- 
termined for  each  case,  and,  if  the  choice  lies  between  excision  and  ampu- 
tation, due  consideration  must  be  given  to  the  fact  that  amputation  is  not 
equally  available  in  all  joints.  In  general  it  may  be  stated  that  where 
bone  and  tissue  destruction  is  not  too  great,  the  experience  of  military 
surgery  has  shown  that  excision  is  preferable  to  amputation  in  all  cases 
except  in  the  knee  and  ankle.  With  aseptic  and  antiseptic  technic  it  is 
quite  probable  that  more  excellent  results  may  be  obtained  in  these  joints 
in  the  future  than  has  been  in  the  past,  and  under  these  conditions  ex- 
cision may  be  practised  in  any  joint  with  greater  hope  of  success  than 
was  possible  with  the  old  surgery. 

Formal  excision  as  an  early,  systematic,  operative  procedure  in  gun- 
shot wounds  of  the  joint  will  be  rarely  indicated  in  the  future.  When 
the  articular  surfaces  are  so  extensively  comminuted  that  excision  may 
be  thought  of,  the  joint  will  also  generally  be  infected.  In  cases  in  which 
the  infection  can  be  controlled,  the  removal  of  all  loose  fragments,  followed 
by  antiseptic  treatment  and  complete  drainage,  will  be  the  operation 
indicated.  In  a  certain  number  of  cases,  however,  a  formal  excision  may 
be  preferred  rather  than  the  more  radical  operation  of  amputation. 

AmpvUaiian  will  be  indicated  when  the  amount  of  destruction  of  the 
soft  parts  about  the  joint  is  great  or  the  blood-supply  to  the  limb  below  is 
cut  off.  More  rarely,  though  occasionally,  excessive  comminution  of  the 
bones,  especially  in  connection  with  advanced  infection,  will  indicate  the 
removal  of  the  limb.  Where  the  large  vessels  and  nerves  of  a  limb  are 
severed,  even  though  the  limb  be  saved,  it  will  usually  be  atrophied  and 
paralyzed.  Conservatism  in  such  cases,  especially  if  accompanied  with 
distinct  danger  to  the  patient's  life,  is  hardly  desirable;  but  the  surgeon 
is  warranted  in  proceeding  more  conservatively  with  the  upper  than  with 
the  lower  extremity. 

While  conservaiive  methods  are  to  be  generally  used  in  military  surgery, 
it  should  be  pointed  out  that  such  conservative  treatment  of  joint  wounds 
does  not  always  mean  non-interference.  Non-interference  is  indicated 
only  in  those  cases  which  by  their  progress  show  that  the  joint  is  uninfected^ 
or  when,  in  spite  of  manifest  destruction  of  the  joint,  the  surgeon  cannot 
operate  because  of  lack  of  aseptic  control.  Conservative  treatment 
means  treatment  directed  toward  saving  the  limb  and  the  function  of 
the    joint.     It  may  therefore  include  aseptic  operative  opening  of  the 


THE  TREATMENT  OF  WOUNDS  IN  WAR.  989 

joint,  the  removal  of  loose  bone,  lodged  missiles  and  foreign  material, 
and,  when  necessary,  antiseptic  cleansing  and  drainage. 

Lodged  Bullets  in  Joints. — ^The  fact  that  a  bullet  has  opened  the  cavity 
of  a  joint  has  no  bearing  on  the  condition  or  treatment  of  the  case  imless 
infection  is  present  or  the  bullet  is  lodged  within  the  joint  cavity  itself. 
If  there  is  no  infection  and  the  bullet  is  lodged  in  the  ends  of  the  bone  and 
does  not  protrude  into  the  joint,  there  is  no  more  indication  for  removal 
of  the  bullet  than  if  it  were  in  any  other  part  of  the  body.  When 
the  bullet  lodges  in  a  joint  cavity  or  in  the  articular  surface  of  a  bone, 
it  may  give  rise  to  pain  or  limitation  of  movement.  In  such  cases  ex- 
traction of  the  missile  is  required.  The  removal  of  a  bullet  from  one  of 
the  large  joint  cavities  is  not  always  easy.  Before  attempting  the  oper- 
ation the  exact  location  of  the  missile  should  be  determined  by  the  use 
of  the  x-ray  so  that  the  operator  may  know  exactly  where  to  look  for  it. 
To  open  one  of  the  large  joints  in  which  a  bullet  is  lodged  and  search  for  it 
before  it  has  been  definitely  located,  most  commonly  results  in  failure. 
The  bullet  will  rarely  be  found  free  in  the  joint  cavity  or  protruding  from 
the  articular  surface,  and,  if  it  is  embedded  in  the  head  of  a  bone,  it  can 
neither  be  seen  nor  touched.  Exact  localization  by  ar-rays  by  Sweet's 
method  (see  Vol.  V)  is  therefore  of  great  importance  and  practical 
necessity  antecedent  to  attempts  at  removal. 

Infection  in  Gunshot  Wounds. —Infection  of  gunshot  wounds 
may  be  either  primary  or  secondary;  primary  when  the  infectious  mate- 
rial is  carried  in  with  the  bullet  at  the  time  the  injury  is  received,  and 
secondary  when  it  is  introduced  at  any  later  time. 

Infection  and  non-infection  of  a  gunshot  wound  are  of  such  great  im- 
portance relative  to  the  prognosis  and  treatment  of  the  injury  that  the 
factors  which  determine  these  conditions  should  be  thoroughly  under- 
stood. The  size,  shape,  and  velocity  of  the  missile  producing  the  wound, 
and  certain  conditions  incident  to  the  individual  wounded,  such  as  the 
degree  of  cleanliness  of  the  skin  and  the  condition  of  the  overlying  clothing, 
are  the  main  factors  which  determine  infection  or  non-infection  in  these 
cases. 

Factors  Pertaining  to  the  Missile  which  Influence  Infection. — 
The  bullet  itself  can  convey  infection  directly  into  the  wound,  provided 
it  has  been  infected  before  firing  or  passes  through  infectious  material 
before  entering  the  body.  It  was  thought  that  a  missile  infected  before 
firing  would  be  sterilized  by  the  heat  generated  in  the  weapon  by  ex- 
plosion of  the  powder,  but  this  has  been  proved  not  to  be  the  case.  In 
their  original  packages  the  majority  of  cartridges  are  free  from  septic 
germs.  This  condition  of  the  cartridges  is  due  to  the  disinfection  and 
cleanliness  observed  in  the  process  of  manufacture.  The  cartridges, 
however,  are  not  commonly  sterile  when  placed  in  the  piece,  for,  as  they 
are  usually  carried  in  the  cartridge-belt  and  handled  by  the  soldier,  they 
become  contaminated  with  pyogenic  micro-organisms,  the  bacillus  of 
tetanus  or  other  pathogenic  germs.  The  heat  and  friction  generated  by 
the  discharge  of  the  missile  from  the  piece  will  partially,  but  may  not 
entirely,  destroy  the  micro-organisms  by  which  the  bullet  is  contaminated. 
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Fortunately  in  most  cases  the  bullet  is  so  little  contaminated  before  it  is 
fired  that  the  act  of  firing  sufficiently  sterilizes  it,  so  that,  though  it  may 
carry  some  few  micro-organisms  into  the  tissues^  the  natural  resistance 
of  the  body  is  sufficient  to  destroy  them  before  they  produce  pathologic 
changes.  But  when  the  bullet  is  so  contaminated  that  the  act  of  firing 
does  not  sufficiently  sterilize  it,  or  when  after  firing  it  becomes  contam- 
inated by  contact  with  dirty  objects  before  it  strikes  the  body,  it  may 
cause  infection.  Ricochet  impact  against  some  soiled  body  may  con- 
taminate the  bullet,  or  by  changing  the  shape  and  increasing  the  size  of 
the  missile  may  enable  it  to  carry  more  infection  into  the  wound  when  it 
passes  through  soiled  clothing  or  skin. 

The  size  of  the  missile  is  of  importance,  the  general  rule  being  that 
the  larger  the  missile,  the  more  apt  it  is  to  infect  the  wound.  A  missile 
presenting  a  large  front  is  more  apt  to  carry  foreign  material  into  a 
wound  than  one  with  a  small  front  area;  and  with  large  missiles,  the 
entrance  and  exit  wounds  being  large,  the  liability  to  secondary  infection 
from  entrance  of  foreign  material  through  the  larger  wounds  is  increased. 
In  fact,  the  size  of  a  gunshot  wound  bears  a  direct  ratio  to  its  liability 
both  to  primary  and  to  secondary  infection. 

The  shape  of  the  missile  producing  the  injury  also  has  a  definite  bear- 
ing upon  infection.  The  smooth,  oval  head  of  the  modem  rifle  bullet 
allows  it  to  penetrate  objects  easily,  and  this,  with  its  high  velocity, 
enables  it  to  enter  the  body  so  quickly  that  it  is  little  likely  to  push  dele- 
terious material  into  the  wound.  When  a  bullet  is  deformed,  it  presents 
a  broad  irregular  face  which  is  more  apt  to  carry  foreign  material  into  the 
wound;  and,  if  the  missile  has  sufficient  velocity  to  perforate  the  part, 
it  will  produce  a  large  jagged  wound  of  exit  into  which  secondary  in- 
fection is  very  liable  to  find  its  way. 

The  irregular  shape  and  generally  large  size  of  shell  fragments  are  the 
main  causes  of  primary  infection  in  wounds  by  these  missiles.  It  is  true 
that  very  small  fragments  of  shell  may  be  driven  into  the  body  and  produce 
no  infection,  but  with  large  fragments  this  rarely  occurs,  for,  if  they  pass 
through  the  clothing,  they  almost  always  carry  pieces  of  it  into  the  tissues; 
and,  if  the  skin  of  the  soldier  be  soiled,  the  entering  missile  is  nearly  sure 
to  carry  material  from  it  into  the  wound.  Shrapnel  bullets  are  probably 
somewhat  more  likely  to  carry  infection  into  a  wound  than  are  rifle  bullets^ 
for  the  reason  that  they  are  somewhat  larger  and  their  surface  is  not  so 
smooth.  But,  as  before  noted,  quite  a  proportion  of  the  wounds  by  these 
missiles  are  uninfeqted. 

High  velocity  of  a  missile  appears  to  favor  non-infection  of  the  wound, 
particularly  if  the  missile  pass  completely  through  the  part.  An  imde- 
formed  missile  with  high  velocity  appears  to  pass  through  the  clothing  and 
skin  so  quickly  that  it  does  not  carry  much  deleterious  material  into  the 
wound,  or,  if  it  does,  it  carries  much  of  the  adherent  material  out  with  it. 
With  low  velocity,  inpush  of  material  is  much  more  apt  to  occur,  particu- 
larly if  the  bullet  has  been  deformed. 

Factors  Pertaining  to  the  Individual  Wounded  which  Influence 
Infection. — ^The  condition  of  the  skin  has  much  bearing  relative  to  in- 
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fection,  both  primary  and  secondary.  Where  the  skin  is  clean,  or  fairly 
so,  the  wound  is  much  less  apt  to  be  infected  than  when  the  skin  is  soiled. 
Hence  wounds  received  in  summer,  or  when  men  have  had  opportunity 
to  bathe  frequently,  are  less  likely  to  be  infected  than  are  wounds  received 
in  winter  campaigns,  when  soldiers  have  little  opportunity  to  keep  them- 
selves clean.  Wounds  of  the  hairy  scalp  and  wounds  of  the  hands  and 
feet  are  much  more  likely  to  be  infected  than  are  wounds  of  most  other 
parte  of  the  body,  these  parte  being  particularly  likely  to  be  soiled  and 
difficult  to  keep  clean. 

The  character  and  condition  of  the  clothing  is  important,  not  only  in 
iteelf  but  in  connection  with  the  imderlying  skin.  Experiments  have 
definitely  determined  that  minute  particles  of  clothing  are  driven  into  the 
tissues  in  every  case  of  gunshot  injury,  even  those  produced  by  the  jacketed 
rifle  bullet.  In  wounds  from  these  small  missiles  the  particles  of  clothing 
carried  into  the  wound  are  almost  always  microscopic  in  size;  but  with 
irregularity  in  the  missile  or  increase  in  ite  size,  correspondingly  larger 
pieces  of  clothing  are  apt  to  be  driven  into  the  wound.  If  the  clothing 
be  of  cotton,  imdeformed  bullete  ordinarily  make  slit-like  holes  through  it 
and  carry  a  minimum  amount  of  the  material  into  the  wound.  In  woolen 
clothing  the  holes  are  more  punched-out  and  a  greater  amount  of  the  cloth 
is  apt  to  be  indriven.  The  thicker  the  clothing,  the  more  likely  is  it  that  a 
greater  amount  will  be  carried  into  the  wound.  It  follows  that  a  reasonably 
clean  skin,  covered  by  comparatively  thin  and  clean  cotton  clothing,  does 
not  favor  infection,  while  a  dirty  skin  and  thick,  soiled,  woolen  clothing 
distinctly  favors  this  condition.  HofiF  has  particularly  noted  this  in  his 
publication  relative  to  the  wounded  in  the  Russian  army  in  the  late  war 
with  Japan.  He  states  that  in  summer,  when  the  men  wore  comparatively 
light  clothing  and  were  able  to  bathe  frequently,  a  large  majority  of  the 
bullet  wounds  were  uninfected;  but  in  winter,  when  the  men  wore  heavy 
woolen  clothing  or  sheepskin  coate  and  were  not  able  to  bathe,  the  body 
and  clothing  became  very  dirty,  and  nearly  all  wounds,  even  those  by  the 
small  rifle  bullete,  were  infected. 

Secondary  infection  is  particularly  favored  by  exposure  of  the  wound 
or  injudicious  handling.  Unless  the  wound  be  very  small  and  quickly 
closed  by  the  drying  blood,  infected  material  is  apt  to  be  carried  into  it 
either  from  the  air  or  from  friction  by  the  overlying  clothing.  Injudicious 
handling  of  wounds  has  been  a  most  important  agent  in  causing  their 
secondary  infection  in  the  past,  and  the  immediate  protection  of  gunshot 
wounds  by  the  application  of  the  first-aid  dressing  is  of  the  greatest  value 
in  preventing  this  occurrence. 

In  determining  the  question  of  probable  infection  or  non-infection 
of  a  wound,  a  surgeon  should  take  into  account  all  the  foregoing  conditions. 
If  the  wound  was  immediately  protected  by  a  prop)erly  applied  first-aid 
dressing,  there  is  little  probability  that  it  has  been  secondarily  infected.  If 
this  be  removed  carefully,  the  appearance  of  the  wound,  together  with  the 
condition  of  the  surrounding  skin  and  the  character  of  the  clothing,  will  be 
of  importance  in  enabling  him  to  reach  a  tentative  conclusion.  It  is  true 
that  in  many  cases  it  will  be  impossible  to  determine  definitely  whether  a 
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wound  has  been  infected  or  not,  for  a  perfectly  innocent  appearing  wound 
may  be  infected,  while  a  much  larger  and  more  ragged  one  may  be  unin- 
fected. In  any  case  conservatism  should  be  practised  at  the  first  lines 
of  assistance  and  no  doubtful  case  should  be  meddled  with  until  it  has 
reached  a  place  where  it  can  be  explored  under  aseptic  conditions  unless  an 
immediate  exploration  is  required  in  order  to  save  the  life  or  limb  of  the 
wounded  person. 

The  Micro-organisms  which  Produce  Infection. — ^The  micro-organ- 
isms which  produce  infection  in  gunshot  wounds  are  most  commonly 
the  staphylococci,  less  frequently  the  streptococci,  bacillus  pyocyaneus, 
and  the  tetanus  bacilli  or  some  other  pathogenic  or  saprophytic  micro- 
organisms. Staphylococcus  infection  is  most  common,  for  the  reason 
that  it  is  constantly  found  on  the  skin  or  clothing.  When  this  germ 
produces  infection,  localized  inflammation  and  abscess  formation  are  the 
rule;  but,  if  treatment  of  the  case  be  delayed,  the  infection  will  gain  such 
hold  that  severe  inflammatory  extension  leading  to  loss  of  life  or  limb  may 
result.  Before  the  days  of  antiseptic  surgery,  when  wounds  were  treated 
by  digital  exploration  and  wet  dressings,  such  extension  of  inflammatory 
action  was  very  common,  and  was  the  frequent  cause  of  metastatic 
abscesses,  pyemia,  and  other  serious  or  fatal  conditions. 

With  streptococcus  infection,  diffuse  inflammation  with  involvement 
of  the  lymphatics,  systemic  toxemia,  and  other  conditions  grouped  under 
the  general  term  septicemia  are  likely  to  occur. 

In  many  cases  the  infection  will  be  a  mixed  one,  staphylococci  and 
streptococci  both  being  carried  into  the  wound,  and  in  such  cases  the 
pathologic  effects  of  both  germs  will  present  themselves.  The  bacillus 
coli  communis,  either  alone  or  with  the  staphylococcus  or  streptococcus, 
is  generally  prominent  in  pathologic  action  in  all  wounds  involving  the 
intestinal  tract.  The  tetanus  bacillus,  while  a  less  frequent  cause  of  in- 
fection than  are  the  micro-organisms  above  named,  is  usually  present  in 
a  certain  number  of  cases.  In  the  246,717  wounded  reported  in  the 
American  Civil  War,  505  cases  of  tetanus  occurred.  In  the  Spanish- 
American  War  but  one  case  of  tetanus  was  reported.  Stevenson,  in  his 
"  Report  on  the  Surgical  Cases  Noted  in  the  South  African  War,''  states 
that  but  three  cases  of  tetanus  occurred  in  the  South  African  campaign. 

Although  infection  by  the  tetanus  bacillus  is  comparatively  infrequent 
in  ordinary  campaigns,  under  certain  conditions  the  disease  is  very  prev- 
alent. Von  Oettingen  states  that,  while  tetanus  was  comparatively 
infrequent  in  summer,  after  the  battle  of  Mukden  in  winter  approxi- 
mately one  per  cent,  of  all  the  wounded  died  of  tetanus.  He  ascribes  the 
great  frequency  of  tetanus  after  the  battle  of  Mukden  to  the  transpor- 
tation of  the  uncared-for  wounded  in  large  numbers  in  unclean  cattle-cars. 
He  does  not  mention  other  conditions  which  were  probably  also  partly 
responsible,  viz.,  the  extremely  unclean  condition  of  the  soldiers,  their 
thick  clothing  and  sheepskin  coats.  Von  Oettingen  further  states  that 
most  of  the  cases  ended  fatally  and  that  the  antitoxin  used  was  without 
effect.  The  possibility  of  the  occurrence  of  tetanus  should  always  be  re- 
membered, for  gimshot  wounds  seem  to  particularly  favor  this  condition. 
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The  tetanus  bacillus  is  anaerobic,  the  ordinary  gunshot  wound  is  of  a 
deeply  punctured  character,  the  bullet  may  carry  the  bacilli  deeply  into 
the  tissues  from  which  air  is  excluded,  and  thus  all  conditions  are 
present  which  favor  the  growth  and  development  of  this  particular 
micro-organism. 

In  considering  infection  in  gunshot  wounds  the  surgeon  should  give 
great  weight  to  the  measures  by  which  secondary  infection  may  be  pre- 
vented. Under  the  conditions  in  which  wounds  are  received  in  war 
the  surgeon  can  do  little,  if  anything,  to  prevent  the  primary  infection 
of  the  wound,  and  his  practice  must  therefore  be  particularly  directed 
toward  preventing  secondary  infection  when  primary  infection  has  not 
occurred.  It  is  true  that  on  shipboard  before  an  engagement  he  may  be 
able  to  see  that  the  men  have  recently  bathed  and  have  put  on  clean 
underclothing,  and  in  field  campaigns  he  should  urge  cleanliness  as  much 
as  Is  consistent  with  the  conditions  of  the  campaign,  thus  reducing  the 
possibility  of  primary  infection.  However,  owing  to  the  conditions 
which  obtain  in  war,  the  treatment  of  the  case  after  the  wound  has  been 
received  is  usually  the  only  line  along  which  the  surgeon  can  work.  Con- 
stant vigilance  should  be  exercised  to  prevent  a  non-infected  wound  from 
becoming  infected,  and  to  prevent  increased  infection  in  a  wound  which 
has  been  only  slightly  contaminated.  The  value  of  instruction  of  men  in 
the  proper  use  of  the  first-aid  packets,  so  that  they  can  apply  them  without 
contaminating  the  wound,  is  therefore  manifest. 

Lodged  Missiles. — Previous  to  experience  in  war  it  was  the  general 
opinion  that  lodgment  of  the  modern  small-caliber  rifle  bullet  would  be 
comparatively  rare.  Experience  has  demonstrated  that  quite  a  large 
number  of  bullets  remain  in  the  tissues.  This  fact  would  seem  to  be 
opposed  to  the  general  statement  that  the  modem  rifle  bullet  has  great 
penetrating  power,  for  increased  penetration  would  seem  to  include  in- 
creased liability  to  pass  completely  through  a  part.  The  fact  is  that  the 
modem  rifle  bullet  is  little  likely  to  lodge  in  a  part  unless  its  velocity 
be  greatly  decreased,  but  with  greatly  decreased  velocity  the  missile  is  so 
light  that  it  is  readily  arrested.  The  bullet,  from  its  high  velocity  and  re- 
sistant envelope,  frequently  ricochets  and  has  sufl[icient  velocity  remaining 
after  the  ricochet  to  enable  it  to  inflict  a  wound,  but  not  to  perforate  the 
part.  Also,  if  the  missile  is  deformed  by  ricochet  or  turned  end  for  end 
or  strikes  the  body  side-on,  it  is  much  more  likely  to  be  arrested.  It  has 
been  noted  that  the  great  majority  of  lodged  missiles  are  either  deformed 
or  lodged  butt-end  first  in  the  tissues,  while  the  lodgment  of  absolutely 
undeformed  rifle  bullets  is  comparatively  rare.  It  is  noted  also  that, 
even  though  arrested  in  the  tissues,  the  mociern  rifle  bullet  is  rarely  de- 
flected by  them,  but  goes  in  a  straight  line  from  the  place  of  entrance  to  the 
place  of  lodgment;  in  this  way  differing  from  the  larger,  slow-moving 
lead  bullets  of  the  okl  typ)e,  which  were  frequently  deflected  in  their 
course  by  resistant  tissues. 

Infection  in  cases  of  lodged  bullets  is  comparatively  rare  when  the 
bullet  is  undeformed  or  but  slightly  deformed  and  has  passed  through 
fairly  clean  skin  and  clothing.  When  the  bullet  is  much  deformed,  in- 
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fection  is  much  more  liable  to  occur,  and,  as  before  noted,  lodged  frag- 
ments of  shell  are  very  apt  to  produce  this  condition. 

Treatment  of  Lodged  Missiles, — When  a  missile  is  uninfected  it  gener- 
ally becomes  encysted  in  the  tissues  and  causes  no  trouble  unless  it  presses 
upon  a  nerve  or  interferes  with  the  motion  of  a  joint.  In  some  cases  knowl- 
edge of  the  presence  of  a  bullet  within  the  body  gives  rise  to  mental  dis- 
quietude even  though  the  missile  is  doing  no  harm.  In  case  of  lodgment  the 
questions  for  a  surgeon  to  determine  are  whether  or  not  to  remove  the 
foreign  body,  and,  if  it  is  to  be  removed,  when  the  operation  should  be  done. 
It  may  be  said  that  a  lodged  missile  should  always  be  removed  when  it  is 
producing  distressing  or  dangerous  symptoms,  if  the  removal  is  possible 
and  if  the  operation  does  not  endanger  life  or  necessitate  operative  trauma 
which  will  produce  more  ill  effect  than  will  arise  from  allowing  the  missile 
to  remain.  If  the  missile  is  producing  pain  or  discomfort,  it  should  be  re- 
moved, provided  it  can  be  removed  with  safety  to  the  patient;  but  it 
would  be  impracticable  to  remove  it  or  attempt  to  remove  it  if  the  oper- 
ation entails  more  danger  than  would  the  continued  presence  of  the 
foreign  body  or  the  possibility  of  future  trouble  or  discomfort  to  the  patient. 

As  to  when  a  lodged  missile  should  be  removed,  the  answer  is  that  it 
should  never  be  removed  except  when  aseptic  technic  is  available,  unless 
the  danger  arising  from  its  presence  is  greater  than  that  likely  to  follow 
an  operation  under  septic  conditions.  In  a  great  majority  of  cases  there 
is  no  pressing,  immediate  necessity  for  the  removal  of  a  lodged  missile. 
Most  cases  can  safely  wait  until  removal  can  be  done  under  aseptic  pre- 
cautions. Probably  no  single  procedure  in  the  past  did  so  much  to  increase 
the  mortality  in  gunshot  wounds  as  the  immediate  search  for  and  removal 
of  bullets.  It  was  the  common  practice  to  immediately  explore  a  wound, 
with  either  the  fingers  or  a  probe,  the  surgeon  being  entirely  unaware  of  the 
harm  he  was  doing.  Probing  a  bullet  wound  to  determine  the  location 
of  a  bullet  should  be  done  only  in  extremely  exceptional  cases,  and  then 
under  conditions  of  rigid  asepsis.  The  very  act  of  exploring  a  bullet 
wound  may,  by  the  additional  trauma  inflicted,  reduce  the  natural  re- 
sistance of  the  tissues  to  such  an  extent  that  inflammation  will  occur  in  a 
wound  which  would  otherwise  go  on  to  uninterrupted  healing.  As  before 
noted,  small  particles  of  clothing  and  foreign  material  are  carried  into 
every  bullet  wound.  The  amount  of  contamination  may  not  be  sufficient 
to  produce  infection  unless  there  is  secondary  trauma  through  injudicious 
handling  or  probing.  This  supports  the  statement  before  made  that 
immediate  operation  for  lodged  missiles  should  not  be  done,  and  especially 
that  the  wound  should  not  be  explored  under  septic  conditions,  unless  the 
immediate  danger  from  the  presence  of  the  bullet  is  greater  than  the 
possible  consequences  which  may  arise  from  interference.  When  it  is 
necessary  to  use  a  probe  or  to  explore  a  wound,  the  strictest  aseptic  pre- 
cautions should  be  observed.  In  many  cases  it  is  impossible  to  locate  a 
missile  by  use  of  a  probe  or  exploration  of  the  wound.  The  bullet  may  be 
lodged  too  deeply  or  the  contractility  of  the  tissues  and  change  of  position 
of  the  patient  may  cause  such  shifting  of  the  muscles  and  fascial  structures 
as  completely  to  obstruct  the  path  of  the  projectile.    Every  surgeon  has 
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experienced  this  difficulty,  and  the  further  one  that  it  is  not  always 
possible  to  determine  if  the  missile  is  touched  by  the  probe  even  when 
it  has  been  reached  by  that  instrument.  A  lead  bullet  will  leave  a  mark 
on  the  porcelain  tip  of  a  N^laton  probe,  but  the  jacket  of  the  modem 
rifle  bullet  leaves  no  trace,  and  the  sensation  of  contact  with  the  missile 
as  differentiated  from  that  of  contact  with  fibrous  tissues  or  bone  is  often 
not  sufficient  to  enable  the  operator  to  determine  that  the  probe  is  in  ap- 
position with  the  bullet.  The  telephonic  probe  overcomes  this  difficulty, 
and  it  may  be  used  in  cases  where  removal  of  the  missile  is  imperative  and 
the  x-ray  cannot  be  employed.  But  it  is  open  to  the  same  objection  as  the 
ordinary  instrument,  viz.,  the  difficulty  of  passing  it  through  the  bullet 
track,  the  possibiUty  of  injury  to  the  tissues,  and  the  likelihood  of  induc- 
ing infection.  The  x-ray  should  be  used  exclusively  for  the  location  of 
lodged  missiles  whenever  it  can  be  had.  Its  great  value  lies  in  the  fact 
that  it  makes  possible  the  localization  of  a  missile  without  any  trauma 
to  the  patient  and  its  removal  through  the  safest  anatomic  course,  for, 
having  located  it,  the  surgeon  is  not  required  to  go  through  the  original 
woimd,  but  can  make  his  incision  in  the  place  best  available  for  reaching  it. 
Ordinarily,  simple  direct  observation  by  the  x-rays  will  determine  the 
position  of  the  missile  with  sufficient  accuracy,  but  when  the  missile  is 
deeply  lodged,  some  form  of  localizing  apparatus  or,  in  those  parts  of  the 
body  where  it  is  possible  so  to  do,  observations  made  at  right  angles  will 
enable  the  surgeon  to  determine  the  exact  position  of  the  missile. 

In  shell-wounds,  especially  when  these  wounds  are  known  to  be  infected, 
it  is  usually  best  to  explore  directly  through  the  wound,  the  conditions 
being  quite  other  than  those  which  ordinarily  obtain  with  lodged  bullets. 

Many  different  kinds  of  bullet  forceps  have  been  designed,  most  of  them 
to  the  end  that  they  may  be  introduced  into  the  bullet  track  itself,  and 
these  instruments,  of  which  the  one  designed  by  Senn  is  as  good  as  any, 
may  be  used  to  advantage  when  the  bullet  has  to  be  removed  through  the 
original  wound.  But  where  the  bullet  is  removed,  as  it  ordinarily  should 
be,  through  a  special  opening,  no  such  special  instrument  is  usually  re- 
quired, except  possibly  in  removing  bullets  from  the  brain.  The  bullet  is 
best  found  by  introducing  the  finger  through  an  incision  sufficiently  large 
for  the  purpose,  and  then  it  can  be  readily  removed  with  any  toothed 
forceps.  If  the  wound  is  uninfected,  it  may  be  closed  without  drainage; 
but  if  infected,  in  addition  to  the  removal  of  the  bullet  the  wound  itself 
should  be  thoroughly  cleaned  out  and  an  efficient  drain  introduced. 

The  Early  Treatment  of  Gunshot  Wounds.— The  conditions 
accompanying  gunshot  injury  which  usually  require  immediate  attention 
are  hemorrhage,  shock,  pain,  and  the  local  conditions  which  obtain  at  the 
seat  of  injury. 

Hemorrhage,  when  it  occurs  in  amount  sufficient  to  require  special 
treatment,  is  evidenced  by  profuse  bleeding  from  the  external  wound  or 
by  the  constitutional  symptoms  of  loss  of  blood.  In  wounds  by  bullets 
bleeding  from  the  external  wound  is  comparatively  rare;  the  hemorrhage 
is  usually  internal  and  is  evidenced  only  by  the  constitutional  symptoms. 
When  the  loss  of  blood  is  rapid,  the  symptoms  are  pronounced  and  alarm- 
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ing.  The  face  becomes  deadly  pale,  the  extremities  cold,  the  pupils 
dilated,  the  pulse  small  and  rapid,  the  respirations  rapid  and  shallow  and 
interrupted  by  yawns  and  deep  sighs.  If  the  hemorrhage  be  slower,  the 
same  symptoms  appear,  but  they  come  on  more  gradually  and  are  less 
pronounced.  The  patient  suffers  from  distressing  thirst  and  vomiting, 
is  restless,  complains  of  roaring  noise  in  the  ears,  and  air  hunger  is  evidenced 
by  the  deep  yawns  and  sighs.  The  treatment  must  necessarily  depend 
upon  the  vessel  wounded  and  the  conditions  imder  which  measures  for 
relief  can  be  carried  out.  If  the  vessel  be  of  an  extremity  or  located  super- 
ficially, the  application  of  a  tourniquet  or  direct  pressure  may  check  the 
bleeding  until  the  surgeon  can  resort  to  the  necessary  operative  inter- 
ference. When  the  hemorrhage  is  of  the  body  cavities,  the  case  is  much 
more  difficult  of  treatment,  especially  on  the  field  of  battle.  The  most 
that  can  be  done  there  is  to  give  the  patient  complete  rest  if  possible, 
trusting  that  the  natural  contractility  of  the  vessels  and  the  coagulation 
of  the  blood  will  stop  the  bleeding.  When  the  hemorrhage  is  complicated 
by  shock,  the  difficulty  of  treatment  is  increased,  for,  unless  the  vessel 
is  secured,  the  methods  employed  to  overcome  the  shock  may  cause  an 
increase  in  the  outflow  of  blood  or  its  resumption  if  it  has  ceased.  If  the 
danger  from  the  hemorrhage  is  imminent,  operation  must  be  done  to  secure 
it  even  before  recovery  from  shock  occurs,  and,  the  vessel  being  secured, 
efforts  may  be  made  to  support  and  revive  the  patient  by  the  use  of 
cardiac  and  cerebral  stimulants  and  an  intravenous  or  h3rpodermic  use 
of  normal  salt  solution. 

Shock  is  seldom  pronounced  in  wounds  from  bullets  unless  the  bullet 
has  struck  one  of  the  body  cavities  or  a  vital  organ,  but  is  commonly 
present  when  any  part  of  the  body  has  been  struck  or  a  limb  carried  away 
by  a  heavy  fragment  of  shell.  When  shock  is  pronounced,  the  surface 
of  the  body  becomes  cold,  the  pulse  weak  and  fluttering,  the  respiration 
feeble  and  shallow,  pallor  and  faintness  come  on,  and  vomiting  is  not 
uncommon.  Mental  hebetude  is  more  common  in  shock,  while  restless- 
ness and  anxiety  are  generally  more  pronounced  in  hemorrhage.  If 
the  shock  disappears,  all  the  conditions  above  noted,  and  which  indicate 
prostration,  give  place  to  a  more  or  less  normal  condition  of  the  body,  but, 
if  the  shock  be  complicated  by  hemorrhage,  the  symptoms  continue  until 
the  hemorrhage  is  checked.  The  effect  of  shock  on  hemorrhage  is  generally 
favorable,  for  the  lessened  impulse  of  the  heart's  action  and  the  prone 
position  of  the  person  wounded  favor  the  cessation  of  the  bleeding.  With 
recovery  from  shock  hemorrhage  may  return  in  quantity,  and,  bearing 
this  in  mind,  the  surgeon  should  adopt  means  for  controlling  the  hemor- 
rhage at  the  same  time  that  he  carries  on  those  for  relief  of  the  shock. 

In  severe  shock  measures  for  immediate  relief  should  be  undertaken, 
for  severe  shock  may  rapidly  pass  into  fatal  collapse.  The  patient  should 
be  kept  in  a  dorsal  recumbent  position  and  treated  by  application  of  heat, 
inhalations  of  amyl  nitrite,  hypodermic  injections  of  strychnin,  and  the 
internal  administration  of  alcoholics  or  of  camphor  and  ammonia.  In 
cases  of  both  shock  and  hemorrhage  the  patient  should  not  be  transported 
until  there  are  signs  of  safe  reaction  from  shock  or  until  the  hemorrhage 
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has  been  controlled,  and  no  operation  of  importance  should  be  undertaken 
during  shock,  unless  it  be  to  stop  bleeding. 

Pain,  following  the  infliction  of  gunshot  wounds,  may  be  temporary 
or  persistent.  Temporary  pain  is  generally  due  to  the  impact  of  the 
missile,  and  disappears  more  or  less  rapidly.  Permanent  pain  is  due  to 
the  involvement  of  a  nerve  or  to  movement  of  the  wounded  part.  The  pain 
in  wounds  from  bullets  varies  greatly.  If  the  bullet  make  a  flesh  wound 
only,  the  pain  is  usually  not  severe,  nor  is  it  usually  lasting  unless  a  nerv'e 
be  involved  or  pressed  upon.  If  a  bone  be  struck,  the  pain  is  much  more 
severe,  usually  being  compared  to  that  from  a  blow  by  a  heavy  iron  bar, 
while  the  pain  from  a  flesh  wound  is  usually  spoken  of  as  being  more  like 
a  cut  from  a  whip.  Persistent  pain  is  to  be  combated  by  immobilization 
of  the  part,  suitable  protection  of  the  wound,  and  removal  of  fragments 
of  bone  or  a  bullet,  if  such  be  pressing  upon  a  nerve.  Persistent  pain 
in  a  wound  is  sufficient  cause  for  a  thorough  exploration  of  the  wound 
under  asepsis. 

Local  Conditions  which  Obtain  at  the  Seat  of  Injury. — ^These 
have  especially  to  be  considered,  either  after  hemorrhage  and  shock  have 
been  attended  to  or  in  connection  with  them.  On  the  battlefield  the  at- 
tention of  the  surgeon  has  to  be  more  particularly  directed  to  the  visible 
wound  than  to  the  deeper  tissue  traumas  which  have  occurred.  Volkman 
has  said:  "The  fate  of  the  wounded  rests  in  the  hands  of  the  one  who 
appUes  the  first  dressing."  This  statement  has  been  emphasized  by 
many  later  writers.  The  basic  fact  upon  which  this  statement  is  founded 
cannot  be  too  thoroughly  impressed  upon  the  surgeon  who  has  to  treat 
gunshot  injuries,  for  the  fundamental  idea  is  that  no  additional  injury 
should  be  done,  either  mechanically  or  by  causing  or  allowing  infection  to 
be  introduced.  With  this  basic  idea  in  mind,  the  statement  can  be  taken 
with  its  proper  limitations,  for  it  is  evident  that,  any  additional  trauma 
and  infection  aside,  the  fate  of  the  wounded  must  rest  to  a  certain  extent 
in  the  hands  of  the  surgeons  who  have  to  meet  the  many  conditions  which 
may  arise  later.  The  preventixm  of  secondary  infection  and  unnecessary 
additioTud  injury  to  the  tissues  is  of  the  greatest  importance  in  the  treatment 
of  gunshot  wounds. 

In  non-infected  wounds  by  small  missiles  a  blood-clot  quickly  forms 
in  the  small  skin-wound.  This  soon  dries,  producing  a  dried  blood-clot, 
which  is  nature's  occlusive  dressing.  Under  this  scab,  which  opposes 
the  entrance  of  foreign  material  and  micro-organisms,  the  processes  of 
repair  go  on  with  a  minimum  amount  of  interference.  This  natural 
protection  of  a  wound  should  never  be  destroyed  by  the  surgeon  except 
when  conditions  relative  to  the  deeper  trauma  demand  it.  Dryness  of  the 
wound  and  removal  of  all  secretion  favors  the  formation  of  a  scab  and 
lessens  the  liability  of  bacterial  invasion.  This  condition  of  a  wound  is 
favored  by  aseptic  absorbent  dressings,  and  it  is  this  action  and  its  pro- 
tective one  which  give  the  first-aid  packet  its  particular  usefulness. 

In  treating  a  wound  which  underlies  the  clothing  the  clothing  should  be 
at  once  cut  away,  thus  exposing  the  part  to  the  air  and  allowing  the  blood 
to  dry  in  the  opening  of  the  wound  and  removing  the  possibility  of  the 
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in-push  of  foreign  material  through  friction  by  the  clothing.  If  sterile 
water  is  available,  it  may  be  carefully  and  gently  poured  over  the  wound 
and  the  surrounding  skin,  but  under  no  conditions  should  ordinary  water 
be  used.  It  is  much  better  to  expose  the  wound  to  the  air  and  apply 
dressings  than  to  attempt  any  cleansing  of  the  wound  except  under  aseptic 
technic,  and  if,  as  is  commonly  the  case  on  the  battlefield,  such  cleansing 
is  impossible,  a  first  dressing  should  be  at  once  applied.  This  first  dressing 
should  be  absorbent  and  slightly  antiseptic.  Bichlorid  gauze  best  meets 
these  requirements,  for  of  all  the  antiseptics,  bichlorid  of  mercury  is  the 
one  with  which  gauze  can  be  most  readily  impregnated.  When  suitably 
protected  by  being  wrapped  in  waxed  paper  or  other  occlusive  covering, 
the  gauze  will  retain  its  antiseptic  qualities.  Outside  the  gauze  a  layer 
of  cotton  should  be  placed  to  exclude  bacteria  and  to  assist  in  protecting 
the  wound,  and  over  all  a  bandage  should  be  applied.  Occlusive  dressings 
of  gutta-percha  tissue,  oiled  silk,  or  other  impervious  substances  should 
never  be  used.    They  exclude  atmospheric  air  from  the  dressings,  prevent 

evaporation  of  the 
wound  secretions, 
and  maintain  heat 
and  moisture  under 
the  dressing,  thus 
producing  the  con- 
ditions most  favor- 
able to  the  growth 
of  micro-organisms. 
The  dressing  should 
always  be  dry,  and, 
if  it  become  satur- 
ated with  secre- 
tions, should  be 
changed,  for  dry- 
ness of  the  dressing  favors  the  desiccation  of  the  blood  and  inhibits  the 
growth  of  bacteria. 

The  First-aid  Packet. — In  military  practice  in  the  field  the  first-aid 
packet  is  almost  always  used  for  the  primary  dressing  of  wounds.  This 
dressing  for  bullet  wounds  is  now  supplied  to  the  soldiers  of  all  civilized 
nations,  being  made  into  packets  of  a  size  convenient  to  be  carried  by  each 
soldier.  The  first-aid  packet  now  furnished  in  the  American  army  is  put 
up  in  a  light  metal  case  which  prevents  its  contamination  or  injury  from 
moisture  and  retains  it  in  good  condition  for  application.  The  first-aid 
packet  issued  to  other  armies  is  in  most  cases  inclosed  in  a  covering  of 
rubber  cloth. 

In  large  wounds  dryness,  protection,  and  drainage  are  necessary. 
The  absorbent  dressing  should  be  large  enough  to  cover  the  surface  of  the 
wound,  and,  if  the  wound  be  deep  and  lacerated,  gauze  should  be  loosely 
packed  into  it  to  insure  drainage  and  dr>'ness  until  proper  methods  of 
treatment  can  be  instituted.  Large  wounds  dressed  in  this  way  can  be 
left  undisturbed  for  several  days  provided  the  dressing  is  sufficiently  large 
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to  absorb  the  blood  and  protect  the  wound  from  outside  contamination. 
The  fact  that  large  wounds,  even  though  infected,  after  being  packed 
with  gauze  can  be  left  undisturbed  for  a  considerable  period  of  time 
without  danger  to  the  person  wounded  is  of  much  importance.  In  military 
surgery  operative  procedures  at  the  front  can  rarely  be  carried  out,  and 
it  is  fortunate  that  with  absorbent  dressings  properly  placed  further 
treatment  of  the  wounded  can  be  delayed  until  they  arrive  at  a  field 
hospital  where  there  are  suitable  facilities  for  aseptic  and  antiseptic 
work. 

Fixation  of  the  injured  part  is  indicated  in  all  except  the  very  minor 
gunshot  injuries.  Rest  of  the  wounded  part,  whether  the  trauma  be  of 
a  soft  part  or  a  bone,  is  conducive  to  healing.  In  flesh  wounds  immobili- 
zation by  slings,  body  bandages,  or,  if  necessary,  by  splints  will  be  required. 
In  wounds  of  the  chest  and  abdomen  firm  compression  by  bandages  to 
limit  the  movement  of  their  walls  and  to  favor  the  cessation  of  internal 
hemorrhage  is  indicated.  Immobilization  of  a  wounded  part  is  a  distinct 
aid  in  preventing  the  recurrence  of  hemorrhage.  Fixation  of  a  part  not 
only  lessens  the  liability  to  a  recurrence  of  hemorrhage,  but,  as  it  prevents 
the  shifting  of  the  dressing,  it  favors  the  formation  of  a  dry  clot  of  blood 
over  the  wound,  and  by  preventing  motion  of  the  tissues  enables  repair 
to  begin  sooner  and  to  continue  with  the  minimum  of  interruption. 


VOUNDS  OF  THE  BODY  REGIONS. 

Because  of  the  difference  in  area  and  position  of  the  different  regions 
of  the  body,  the  proportionate  number  of  wounds  of  the  various  regions 
varies  considerably.  With  hand  weapons  most  of  the  wounds  are  of  the 
head,  upper  extremities,  and  chest.  Gunshot  wounds  are  more  regularly 
distributed,  but  this  distribution  is  not  in  exact  proportion  to  the  target 
areas  of  the  different  regions;  the  head  and  the  upper  and  lower  extrem- 
ities receiving  somewhat  more  than  their  proportion  of  wounds,  while  the 
chest  and  abdomen  receive  less.  Wounds  of  the  different  regions  of  the 
body  differ  greatly  in  gravity  and  in  after-effect,  owing  to  the  differences 
in  structure  and  to  the  presence  of  important  organs  in  certain  regions. 
The  pathologic  results,  prognosis,  and  treatment  of  wounds  are  therefore 
materially  affected  by  the  importance  of  the  organs  or  tissues  injured 
and  by  the  liability  of  certain  tissues,  particularly  those  lining  the  body 
cavities,  to  dangerous  inflammatory  reaction.  In  general  terms  it  may 
be  said  that  the  mortality  which  follows  wounds,  especially  by  gunshot, 
is  nearly  in  inverse  ratio  to  the  frequency  with  which  they  occur  in  the 
different  regions.  Thus,  while  the  relative  frequency  of  gunshot  wounds 
of  the  spine  is  low,  the  mortality  is  exceedingly  high,  and,  while  wounds 
of  the  upper  and  lower  extremities  are  common,  the  mortality  is  low. 
Modem  methods  of  treatment  and  the  adoption  of  the  modem,  jacketed, 
small-caliber  bullet  have  materially  affected  the  regional  mortality  of 
wounds  in  war.  These  two  factors  combined  have  reduced  the  total 
mortality  of  wounded  who  come  under  treatment,  and  have,  particularly, 
reduced  the  mortality  in  wounds  of  the  extremities  and  chest.    In  spinal 
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fractures  and  in  fractures  of  the  skull  and  penetrating  wounds  of  the 
abdomen  the  reduction  of  mortality  has  not  been  so  great. 
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Wounds  of  the  Cranial  Region.— Flesh  wounds  of  the  head 
are  of  minor  importance.  Of  the  forty  flesh  wounds  reported  in  the 
Spanish-American  War,  none  were  fatal. 

Fractures  of  the  Skull. — In  fractures  of  the  skull  by  hand  weapons 
or  gunshot  the  mortality  is  high.  This  mortality  was  not  greatly  re- 
duced in  the  few  cases  (thirty-one)  reported  among  the  regular  troops  in 
Cuba  during  the  Spanish- American  War,  as  eighteen  of  these  cases  died; 
but  in  the  one  hundred  and  fifty-one  cases  reported  from  the  Boer  War, 
only  forty-four  died,  or  33.1  per  cent.  This  shows  a  decided  improvement 
over  the  statistics  of  former  wars.  In  the  American  Civil  War  61.2  per 
cent,  of  all  fractures  of  the  skull  terminated  fatally,  and  in  the  Franco- 
Prussian  War  51.3  per  cent.,  so  that  the  British  mortality  of  but  33.1  per 
cent,  shows  a  decided  improvement,  undoubtedly  largely  due  to  improved 
methods  of  treatment. 

Ounshot  fractures  of  the  cranium  are  quite  different  from  ordinary 
fractures  of  the  skull  produced  by  other  agency.  In  ordinary  fracture 
by  direct  violence  the  solution  of  continuity  in  the  skull  is  the  result 
of  force  applied  to  the  skull  with  crushing  effect  over  a  large  area  and  pro- 
ducing a  comparatively  slow  indriving  of  the  bone.  In  fractures  of  the 
skull  by  bullets  the  solution  of  continuity  is  produced  by  great  energy 
concentrated  upon  a  small  area  of  the  skull.  At  ordinary  ranges  practi- 
cally the  entire  energy  of  the  missile  is  expended  at  the  point  of  impact, 
producing  a  localized  solution  of  continuity  in  the  bone  but  little  larger 
than  the  area  of  the  bullet  and  usually  with  short  radiating  fissures  only. 
At  very  short  range  much  greater  damage  is  done,  due  to  the  molecular 
vibrations  set  up  in  the  bone  and  the  hydraulic  effect  produced  by  the 
sudden  plunging  of  the  missile  into  the  fluid-saturated  brain.  The  actual 
experiences  of  war  show,  however,  that  this  hydraulic  or  explosive  effect 
is  not  nearly  so  pronounced  in  living  as  in  dead  tissues,  and  the  actual 
results  in  war  do  not  therefore  exactly  agree  with  the  experimental  results 
obtained  by  firing  into  cadavers.  Even  at  ranges  as  short  as  100  yards 
fracture  in  the  living  subject  is  often  confined  to  the  entrance  and  exit 


♦  Flesh  wounds  only,  hence  not  to  be  compared  with  the  others. 
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wounds  with  but  short  fissures,  and  the  brain  may  be  disintegrated  only 
through  the  extent  of  the  bullet  track.  At  medium  and  long  ranges  the 
entrance  wound  is  quite  cleanly  cut,  but  the  exit  wound  is  somewhat 
more  irregular. 

Fractures  of  the  outer  table  without  implication  of  the  inner  were 
not  infrequent  in  the  Boer  War.  But  fracture  of  the  inner  table  alone 
was  very  exceptional.  The  great  majority  of  gunshot  fractures  of  the 
skull  are  accompanied  by  symptoms  of  injury  to  the  brain,  these  symptoms 
necessarily  diiTering  according  to  the  part  of  the  brain  struck  and  the  ex- 
tent or  character  of  the  damage  done. 

Fractures  of  the  skull  by  shell  fragments  or  slow-moving  leaden  mis- 
siles, such  as  shrapnel  bullets,  may  be  of  the  simple  fissure  kinds,  or  de- 
pr^sed  fractures  without 
actual  penetration  of  the  skull 
by  the  missile,  or  extensive 
comminution  of  the  bone  ac- 
companied by  large  apertures 
in  the  skull. 

Fractures  of  the  skulj  by 
rifle  bullets  are  generally  of 
three  kinds:  (1)  gutter  frac- 
tures; (2)  penetrating  frac- 
tures; (3)  complete  perforar 
tions. 

The  fractures  of  the  skull 
due  to  shell  fragments  where 
the  skull  is  either  fissured,  the 
bones  depressed,  or  the  calvar- 
ium  extensively  shattered,  are 
somewhat  similar  to  ordinary 
fractures  by  direct  violence. 
In  these  cases  the  symptoms 
are  usually  those  of  concus- 
sion and  compression,  the  in- 
jury to  the   brain  being  due  * 

only  to  the  depressed  or  indriven  bone  fragments.  In  fractures  of  the 
skull  by  bullet,  when  the  bullet  penetrates,  there  is,  in  addition  to  the 
injury  and  indriven  bone  fragments,  the  direct  injury  produced  by  the 
missile  itself. 

OtUter  Fractures, — In  a  typical  gutter  fracture  there  are  two  apertures 
in  the  scalp,  with  a  gutter  plowed  through  the  outer  and  inner  tables  of  the 
skull.  The  inner  table,  which  forms  to  greater  or  less  extent  the  floor 
of  the  gutter,  is  usually  extensively  comminuted,  with  inward,  downward, 
or  outward  displacement  of  the  fragments.  The  length  of  the  gutter 
usually  depends  upon  the  degree  of  curvature  of  the  surface  of  the  skull 
at  the  place  struck.  In  the  more  sui:)erficial  gutter  fractures  there  may 
be  but  one  opening  in  the  scalp,  the  scalp  wound  and  outer  table  of  the  skull 
forming  the  gutter  and  the  inner  table  forming  its  floor.    Even  in  these 


Fio.  606. — GuTTEB  Fracture  of  Skuli.. 
Patient  died  five  months  after  receipt  of  injury  (Steven- 
son: Report,  South  African  War). 
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cases  the  inner  table  is  ordinarily  shattered  to  a  considerable  extent  and 
particles  of  bone  are  driven  downward  into  the  brain. 

The  mortality  from  gutter  fractures  in  the  Boer  War  was  21.6  per 
cent. 

Penetrating  Gunshot  Fractures  of  the  Skull, — In  these  cases  the  missile, 
whether  rifle  bullet,  shrapnel,  or  fragment  of  shell,  penetrates  the  cranial 
cavity  without  passing  through.  The  missile  may  lodge  in  the  brain, 
in  the  entrance  wound,  or  may  glance  off.  The  character  of  the  skull 
injury  will  depend  most  largely  upon  the  velocity  of  the  missile,  and  the 
injury  to  the  brain  will  depend  upon  this  point,  together  with  the  extent 
of  penetration.  If  the  fracture  be  by  a  bullet  at  moderate  velocity,  the 
entrance  wound  will  be  small  and  the  bullet  will  pass  into  the  brain,  pro- 
ducing a  minimum  amount  of  injury  in  the  cranial  cavity.  If  infection 
does  not  follow,  the  bullet  may  become  encysted  and  give  rise  to  little 
after-disturbance. 

Perforating  Gunshot  Fractures  of  the  Skull, — ^The  number  of  cases 
in  which  the  missile  goes  completely  through  the  skull  has  been  greatly 
increased  with  the  use  of  the  small-caliber,  jacketed  projectile.  When 
this  missile  is  at  moderate  velocity,  as  before  stated,  it  may  pass  com- 
pletely through  the  brain  and  the  amount  of  tissue  destruction  be  almost 
entirely  confined  to  the  extent  of  its  track.  In  these  cases  the  immediate 
and  later  effects  will  depend  very  largely  upon  the  region  of  the  brain 
through  which  the  missile  has  passed,  and'  the  presence  or  absence  of  in- 
fection. In  the  one  hundred  and  thirty-three  fractures  reported  in  the 
Boer  War,  45.8  per  cent,  were  perforating,  and  of  these  39.3  per  cent, 
died.  It  appears  in  perforating  fractures  that  recovery  is  decidedly  more 
common  in  wounds  of  the  frontal  and  upper  parietal  region,  the  mortality 
being  much  higher  if  the  wound  is  in  the  temporoparietal  or  the  occipital 
region. 

Infection.-rln  cases  of  fracture  involving  the  brain,  next  to  the  amount 
of  brain  destruction  infection  is  the  most  important  factor.  In  former 
wars  a  large  majority  of  late  deaths  was  due  to  intracranial  infection. 
With  modem  methods  such  inflammation  may  be  quite  commonly  con- 
fined within  small  compass  unless  the  infection  be  very  deeply  seated, 
and  this  control  of  inflammatory  action  h'as  undoubtedly  materially  re- 
duced the  mortality  in  wounds  of  the  cranial  region. 

Treatment  of  Fractures  of  the  Skull. — In  the  treatment  of  all  fractures 
of  the  skull  by  war  weapons  it  is  to  be  borne  in  mind  that  there  is  almost 
invariably  depression  or  displacement  of  fragments  of  the  internal  table, 
and  that  on  account  of  the  usually  dirty  condition  of  the  scalp,  most  of 
these  wounds  are  at  least  sup)erficially  infected.  In  fracture  by  unde- 
formed  jacketed  bullets  the  infection  may  \^  confined  entirely  to  the  scalp 
wound  and  the  deeper  tissues  escape.  The  fact  that  the  inner  table  of 
the  skull  is  almost  always  fractured  and  the  fragments  displaced  estab- 
lishes the  principle  that  all  skull  fractures  by  war  weapons  should  be  care- 
fully explored  unless  there  is  an  entire  absence  of  symptoms  of  intracranial 
injury  or  the  conditions  are  such  that  the  surgeon  cannot  do  the  operation 
aseptically.     At  advanced  aid  stations  the  usual  treatment  will  be  simply 
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the  application  of  occlusive  dressings,  but,  when  the  patient  reaches  the 
field  hospital  or  other  place  where  aseptic  operation  may  be  done,  careful 
exploration  of  the  fracture  should  be  made.  When  the  fracture  is  a 
penetrating  one  by  a  modem  bullet,  the  brain  tissue  is  pulpified,  and  the 
bone  fragments  pressing  upon  or  driven  into  the  disorganized  and  pulpi- 
fied tissue  can  hardly  produce  much  immediate  trouble.  The  condition 
is  quite  different  when  large  plates  or  fragments  of  bone  are  driven  down 
into  the  brain  or  press  upon  it.  These  conditions  demand  more  prompt 
relief.  To  explore  the  wound  the  scalp  should  be  turned  aside  after  in- 
cision through  all  its  layers.  The  fragments  can  then  be  usually  elevated 
without  the  use  of  a  trephine,  the  aperture  of  entrance  of  the  missile  being 
suflicient  to  allow  exploration  or  afford  a  starting-point  for  the  use  of 
rongeur  forceps. 

Shock  is  always  a  prominent  symptom  in  gunshot  fractures  of  the  skull, 
and  particularly  so  in  cases  of  penetrating  and  perforating  wounds,  while 
concussion  is  rare  unless  the  skull  be  struck  by  a  large,  slow-moving  pro- 
jectile, such  as  a  fragment  of  shell. 

Nearly  all  deaths  which  follow  fractures  of  the  skull  by  war  weapons 
and  in  which  the  fatal  termination  is  not  due  directly  to  the  trauma, 
result  from  intracranial  inflammatory  processes  arising  from  primary 
or  secondary  infection  of  the  wound.  This  infective  meningitis  may  be 
either  local  or  general.  If  it  be  local,  the  prognosis  is  fairly  favorable; 
if  general,  it  invariably  ends  fatally.  In  many  cases  modern  methods  of 
cleanliness,  drainage,  and  antisepsis  will  limit  the  inflammation  to  the 
neighborhood  of  the  wound.  When  symptoms  of  inflammation  appear, 
the  wound  should  be  carefully  inspected  under  anesthesia,  cleaned  and 
drained,  and  necrosed  bone,  if  found,  should  be  removed. 

Hernia  cerebri  and  abscess  of  the  brain  are  not  uncommon  compli- 
cations. Loss  of  substance  of  the  dura  mater  and  infection  are  the  prin- 
cipal causative  factors  of  the  former,  and  deep  infection  of  the  latter, 
condition.  In  the  early  treatment  of  skull  wounds  involving  the  dura 
the  effort  of  the  surgeon  should  be  directed  toward  saving  all  of  this  mem- 
brane possible.  When  hernia  cerebri  has  actually  occurred,  careful  pro- 
tection, cleanliness,  mild  antiseptics,  cold,  and  moderate  compression 
should  be  used.  The  use  of  absolute  alcohol  for  painting  over  the 
surface  of  the  growth  has  been  recommended.  When  necessary,  excision, 
cauterization  or  ligation,  while  dangerous,  may  be  required. 

Symptoms  of  traumatic  abscess  of  the  brain  are  usually  very  slow 
in  appearing  and  often  obscure.  Headache  of  varying  degree,  irritability 
of  temper,  drowsiness,  twitching  of  certain  muscles,  Jacksonian  seizures, 
subnormal  temperature  or  only  a  slight  rise,  and  slow  pulse  are  com- 
mon. The  treatment  is  usually  somewhat  easier  than  in  the  case  of 
idiopathic  abscess,  for  the  track  of  the  wound  usually  gives  a  line  along 
which  exploration  may  be  made. 

Wounds  of  the  Face. — Because  of  the  exposed  position  of  the  face, 
wounds  of  this  region  are  comparatively  common,  and  are  often  serious, 
in  that  they  may  produce  marked  deformity,  loss  of  vision  through  in- 
volvement of  the  eyes,  or  impairment  of  the  masticating  function  through 
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destruction  of  the  upper  or  lower  jaw  or  damage  to  the  maxillary 
articulation.  The  character  of  the  trauma  necessarily  depends  largely 
upon  the  weapon  or  missile  by  which  it  is  produced.  Hand  weapons 
ordinarily  give  deep,  incised  wounds  which  may  bleed  profusely  and  re- 
quire arterial  ligation.  Deformed  bullets  and  fragments  of  shell,  unless 
the  fragments  be  very  small,  generally  cause  extensive  and  disfiguring 
injuries.  Wounds  by  undeformed,  small-caliber  missiles  generally  pro- 
duce a  minimum  amount  of  trauma  and  may  not  cause  much  damage 
unless  they  involve  the  orbit  or  strike  the  lower  jaw.  The  central  part 
of  the  face  has  been  traversed  in  all  directions  by  undeformed  bullets, 
the  destruction  done  by  the  missile  being  confined  to  its  track  and  recover}' 
resulting  with  practically  no  disfiguration.  In  wounds  involving  the 
lower  jaw  the  form  of  fracture  is  considerably  influenced  by  the  velocity 
of  the  missile  and  by  whether  or  not  the  teeth  are  struck.  The  osseous 
tissue  of  the  lower  jaw  is  comparatively  compact  and  resistant,  and, 
when  the  teeth  are  struck,  they  may  act  as  secondary  missiles,  consid- 
erably enlarging  the  area  of  trauma.  The  later  danger  in  wounds  of 
the  face  mainly  arises  from  the  danger  of  infection  on  account  of  un- 
clean nasal  or  buccal  cavities.  In  seventeen  cases  of  facial  wounds 
by  gunshot  in  the  Spanish-American  War  three  died,  all  the  result  of 
septicemia. 

Treaiment. — ^The  treatment  of  wounds  of  the  face  must  l)e  directed 
toward  the  control  of  infection  and  the  prevention  or  repair  of  possible 
deformity.  Mild  antiseptic  nasal  douches  and  mouth-washes  in  wounds 
involving  these  cavities  are  all  that  are  usually  required  in  wounds  by  unde- 
formed bullets.  In  fractures  of  the  upper  and  lower  jaw,  replacement 
and  wiring  of  the  fragments  may  be  required,  together  with  subsequent 
dental  restitution,  and,  in  cases  of  extensive  disfiguration  by  shell  frag- 
ments, plastic  operations  can  frequently  be  successfully  done. 

Wounds  of  the  Eye. — All  varieties  of  injury  to  the  eye  are  observ^ed 
in  war,  from  simple  contusions  up  to  complete  destruction  of  the  eyeball 
or  injury  to  the  optic  nerve  or  vessels  supplying  the  eye  by  bullets  passing 
behind  the  orbit.  Transverse  and  oblique  shots  which  injure  the  eye 
invariably  produce  wounds  of  the  surrounding  parts,  and  in  some  cases 
both  eyes  may  be  injured  by  the  same  missile.  Vertical  and  transverse 
shots  may  pass  behind  the  globe  and  sever  the  optic  nerve  or  so  damage  it 
as  to  cause  complete  blindness.  It  should  not  be  forgotten  that  sometimes 
such  a  transverse  shot  may  also  involve  the  brain  by  injury  to  the  roof 
of  the  orbit. 

In  wounds  of  the  eye  in  which  the  eyeball  is  materially  damaged  prompt 
enucleation  is  the  best  treatment.  When  the  eye  is  injured  by  very  small 
missiles  or  particles  of  metal  which  penetrate  the  eye,  expectant  treatment 
may  be  adopted,  but  in  such  case  the  eye  should  be  closely  watched  for 
inflammatory  symptoms  and  for  sympathetic  inflammation  in  the  uninjured 
eye. 

Wounds  of  the  Neck. — So  many  important  structures  are  closely 
packed  in  this  region  that  wounds  of  the  neck  are  generally  of  serious  im- 
port.   At  the  same  time  it  presents  some  remarkable  and  almost  inex- 
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plicable  cases  of  escape  from  serious  injury.  This  region  has  been  tra- 
versed in  almost  every  direction  and  in  such  lines  that  it  appears  anatomi- 
cally impossible  for  the  structures  to  have  escaped,  and  yet  they  have 
done  so.  As  a  result  of  observation  of  such  cases  in  the  Boer  War,  Steven- 
son has  come  to  the  conclusion  that  the  important  vessels  and  nerves 
in  the  neck  may  slip  aside  and  allow  a  small-caliber  missile  to  pass  through 
without  injuring  them. 

The  conditions  following  gunshot  woimds  of  the  neck  which  generally 
call  for  attention  are  aneurism,  aneurismal  varix,  injury  to  some  of  the 
large  nerves,  and  wounds  of  the  trachea,  larynx,  or  esophagus. 

Post-traumatic  aneurism  or  aneurismal  varix  in  the  neck  is  not  un- 
common, and  these  sequelae  have  to  be  treated  along  the  usual  lines. 
Wounds  of  the  main  nerves  in  the  neck  are  always  serious,  for  the  reason 
that  repair  is  generally  impossible. 

Wounds  of  the  trachea  or  larynx  are  immediately  dangerous  through 
the  possibility  of  suffocation  from  inflow  of  blood  into  the  air-passages 
or  the  rapid  onset  of  edema.  Secondarily,  septic  bronchitis  or  pneu- 
monia is  the  usual  cause  of  trouble.  The  treatment  of  wounds  of  the 
trachea  and  larynx  which  has  been  most  successful  is  immediate  tracheot- 
omy. The  cases  so  treated  by  Haga  in  the  Japan-China  War  and  by  the 
medical  officers  in  the  Anglo-Boer  War  have  established  the  value  of  this 
procedure. 

Wounds  of  the  esophagus  are  of  serious  moment,  both  from  inter- 
ference with  nutrition  and  from  their  extreme  liability  to  produce  deep 
suppurative  conditions  in  the  neck  with  consequent  septicemia.  The 
treatment  of  wounds  of  the  esophagus  is  operative  interference  as  soon  as 
possible.  Incision  should  be  made  down  to  the  esophagus,  the  wound 
repaired  if  possible,  or,  if  this  cannot  be  done,  efficient  drainage  down  to 
the  site  of  the  injury  in  the  esophagus  provided.  This  will  serve  to  prevent 
deep-seated  infection  from  traveling  along  the  lines  of  the  fascias.  The 
patient  may  be  fed  by  rectum,  by  the  stomach-tube,  or,  if  necessary, 
through  a  gastrostomy  opening. 

Wounds  of  the  Spine  and  Spinal  Cord.— Wounds  of  this  region 
by  hand  weapons  are  rare.  Wounds  by  gunshot,  especially  those  which 
involve  the  spinal  cord,  are  always  of  very  serious  import.  In  recent  wars 
the  frequency  of  wounds  involving  either  the  spine  or  spinal  cord  appears 
to  have  somewhat  increased.  In  the  American  Civil  War  about  one- 
fourth  of  one  per  cent,  of  all  wounds  were  wounds  of  this  region.  In  the 
Spanish-American  War  and  the  Philippine  insurrection  this  proportion 
was  more  than  doubled.  The  increase  in  frequency  of  fracture  of  the 
spine  with  or  without  involvement  of  the  spinal  cord  is  probably  due  to 
the  greater  penetrating  power  of  the  modern  bullet.  With  the  older 
missiles  not  only  did  the  bullets  not  penetrate  so  deeply  into  the  tissues, 
but  they  were  frequently  arrested  by  the  resistant  structures  about  the 
spine  or  by  the  vertebrae. 

The  mortality  in  recent  wars  is  high,  higher  even  than  with  the  older 
missiles,  this  probably  being  due  to  the  fact  just  named,  i.  f.,  that  the 
modern  bullet  is  more  likely  to  pass  through  the  vertebrae  and  so  reach 
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the  cord.  In  the  Civil  War  55.5  per  cent,  of  all  spinal  fractures  ended 
fatally.  In  the  Spanish-American  War  the  mortality  was  as  high  as 
66.6  per  cent.,  and  in  the  Anglo-Boer  War  the  mortality  in  forty-eight 
cases  was  58.3  per  cent.  Infection  enters  as  an  important  factor,  es- 
pecially in  cases  which  terminate  fatally.  When  infection  occurs,  the 
resulting  meningeal  inflammation  is  even  more  apt  to  end  in  death  than  is 
similar  involvement  of  the  intracranial  structures. 

Fractures  of  the  spine  without  involvement  of  the  cord  are  usually  due 
to  slow-moving  missiles  or  to  missiles  which  strike  the  vertebrae  at  some 
distance  from  the  cord.  Cases  of  fracture  without  involvement  of  the 
cord,  when  uninfected,  rarely  lead  to  serious  results  unless  they  are  com- 
plicated by  wounding  of  one  of  the  larger  vessels  of  the  cord  or  of  the 
nerve-roots.  Fractures  of  the  processes  and  centra  may  readily  occur 
without  involvement  of  the  cord,  but  fracture  of  the  arches  is  usually 
accompanied  by  injury  to  the  cord.  Fractures  of  the  centra  are  usually 
in  the  nature  of  fairly  clean-cut  perforations,  but  other  parts  of  the  verte- 
brae when  struck  are  usually  considerably  shattered. 

The  symptoms  of  fracture  of  the  spine  without  lesion  of  the  cord  differ 
according  to  the  location  of  the  injury  and  whether  or  not  there  is  tem- 
porary injury  to  the  cord.  Local  pain,  tenderness,  mobility,  and  crepitus 
may  be  determined  in  fracture  of  the  processes,  but  more  often  the  injury 
in  indicated  rather  by  the  course  of  the  missile  or  by  symptoms  of  con- 
cussion of  the  spine  or  injury  to  the  nerves.  The  shock  of  impact  in 
gunshot  cases  is  usually  sufficient  to  jar  the  cord  severely  and  cause  a 
more  or  less  transient  spinal  concussion,  while  injury  to  the  nerves  is 
manifested  by  suspension  of  or  interference  with  their  functions. 

In  involvement  of  the  cord,  the  cord  may  be  concussed,  compressed,  or 
entirely  destroyed.  Concussion,  unless  it  is  severe,  is  usually  more  or  less 
rapidly  recovered  from,  but  where  the  cord  is  compressed,  or  is  partly  or 
wholly  destroyed,  the  injury  assumes  a  very  serious  character.  Degener- 
ative changes  often  go  on  with  astonishing  rapidity,  together  with  the 
formation  of  deep  sloughing  bedsores  and  cystitis.  The  surgeons  in  the 
Boer  War  spoke  particularly  of  the  painful  and  distressing  features  in  these 
cases,  and  state  that  no  cases  in  the  hospital  seemed  more  hopeless  or 
more  distressing. 

Concussion  of  the  spinal  cord  by  gunshot  is  due  to  the  shock  of  impact 
of  the  missile  or  the  molecular  vibrations  set  up  by  the  passage  of  a 
missile  at  high  velocity  near  the  cord.  The  effect  of  such  injury  may 
be  transitory  pain  and  loss  of  muscular  control  or  complete  paralysis  and 
anesthesia  with  persistent  pain  and  general  neurasthenic  symptoms. 

Compression  of  the  cord  may  be  due  to  hemorrhage,  to  depressed 
fragments  of  bone,  or  to  pressure  from  a  lodged  missile.  Unless  the  com- 
pression of  the  cord  is  great,  complete  distal  suspension  of  the  function  of 
the  cord  does  not  occur,  but  these  cases  are  so  apt  to  be  complicated  by 
partial  destruction  of  the  substance  of  the  cord  or  pronounced  concussion 
that  they  are  difficult  to  diagnose. 

Destruction  of  the  cord  may  arise  either  as  a  result  of  direct  injury 
by  the  bullet  or  indriven  bone  fragments,  or  may  occur  as  the  result  of  the 
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transmission  of  energy  from  a  missile  at  high  velocity  passing  near  the 
cord.  This  shattering  of  the  cord  by  molecular  vibration  has  been  noted 
by  all  observers  as  a  result  of  the  use  of  the  modern  high-velocity  pro- 
jectile. It  has  occurred  in  cases  where  the  bullet  barely  grazed  the  mem- 
branes of  the  cord.  The  cord  is  reduced  for  some  extent  to  a  custard- 
like material  and  is  as  completely  and  permanently  destroyed  as  though 
it  had  been  severed  by  a  missile. 

In  cases  of  involvement  of  the  cord  the  determination  of  the  exact 
condition  is  often  difficult,  and  early  in  the  case  it  may  be  impossible. 
Shock  is  usually  marked,  and  paralysis  and  anesthesia  of  the  parts  sup- 
plied from  the  cord  below  the  injury,  paralysis  of  the  bladder  and  rectum, 
and  loss  of  reflexes  commonly  occur  at  onc«,  whether  the  injury  is  a  com- 
plete destruction  of  the  cord  or  not.  If  these  be  due  to  concussion  only, 
they  may  disappear,  but  if  they  persist  the  case  must  be  considered  one 
of  serious  cord  involvement.  The  complications  and  sequelae  following  in- 
jury to  the  cord  are  spinal  meningitis,  myelitis,  diseases  of  the  kidney, 
and  bedsores.  Meningitis  and  myelitis  are  usually  due  to  direct  infection. 
They  may  be  either  local  or  general.  The  general  form  is  quickly  fatal. 
In  the  degenerative  changes  which  follow  injury  without  infection,  the 
course  of  the  case  is  slower,  but  the  patients  usually  eventually  die  from 
the  conditions  connected  with  cystitis,  renal  disease,  and  decubitus. 

The  treatment  of  gunshot  fracture  of  the  spine  is  always  difficult  unless 
the  case  be  one  of  those  simpler  fonns  of  fracture  without  involvement  of 
the  cord  or  injury  to  the  nerves.  The  great  majority  of  spinal  wounds  are 
made  by  bullets  and  are  deep  and  small,  making  the  determination  of  the 
amount  of  injury  to  the  cord  very  difficult.  If  the  bullet  has  passed 
through,  some  opinion  may  be  formed  from  its  course,  but  if  the  bullet 
is  lodged  no  such  information  is  possible.  The  depth  at  which  the  cord 
is  placed,  the  size  of  the  operation  required  to  disclose  it,  and  the  fatal 
effects  which  follow  infection  of  the  meninges,  have  all  to  be  considered, 
and  make  exploratory  or  reparative  operations  possible  only  in  the  hos- 
pitals, where  aseptic  technic  can  be  employed  and  where  the  necessary 
time  for  the  operation  can  be  given.  As  a  result,  in  military  surgery  the 
immediate  treatment  of  wounds  of  the  spine  must  be  expectant.  A 
primary  dressing  should  be  applied  and  the  patient  handled  as  carefully 
as  possible.  When  the  case  reaches  a  suitable  hospital,  if  there  is  a  lodged 
missile  the  arrays  should  be  employed,  and  an  exploratory  laminectomy 
may  be  done.  In  wounds  of  the  spine  by  shell  fragments  and  in  all  in- 
fected cases  exploration  of  the  wound,  followed  by  thorough  antisepsis 
and  drainage,  should  be  instituted  as  soon  as  possible. 

Wounds  of  the  Chest. — Wounds  of  the  chest  naturally  divide  them- 
selves into  penetrating  and  non-penetrating  wounds.  There  is  nothing 
special  in  the  treatment  of  non-penetrating  wounds  of  this  region,  but 
penetrating  wounds  require  particular  consideration  on  account  of  the 
peculiarities  of  the  intrathoracic  structures.  The  wide  difference  in 
structure  and  function  of  the  different  viscera  contained  in  this  body- 
region  produce  wide  variations  in  effect  following  their  injury. 
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The  mortality  in  penetrating  wounds  of  the  chest  in  cases  coming 
under  treatment  has  been  greatly  decreased  in  recent  wars. 

MORTALITY  OF  PENETRATING  WOUNDS  OF  THE  CHEST. 

Per  Cent. 

English  in  Crimea 79.2 

American  Civil  War,  U.  S.  Troops 62.6 

Franco-Prussian  War,  Germans 56.7 

Spanish-American  War,  U.  S.  Regulars 24.5 

Boer  War,  British 14.0 

Fifty-eight  cases  of  penetrating  wound  of  the  chest  were  reported  in 
the  Spanish-American  War,  with  thirteen  deaths.  For  the  Boer  War, 
Stevenson  reports  two  hundred  and  fourteen  cases  with  thirty  deaths. 
This  latter  is  a  very  low  mortality,  and,  compared  with  the  high  mortality 
of  the  Civil  War  and  preceding  wars,  shows  a  most  marked  reduction. 
A  large  part  of  this  reduction  is  due  to  the  fact  that  the  small-caliber 
rifle  bullet  can  pass  through  the  lungs  with  the  production  of  a  minimum 
amount  of  trauma  and  without  infecting  them  or  the  pleura.  Another 
factor  is  that,  probing  and  exploration  of  the  wounds  ha\ang  been  dis- 
continued, infection  of  the  pleura  is  in  many  cases  avoided. 

Penetrating  wounds  of  the  mid-region  of  the  chest  are  usually  im- 
mediately fatal  from  injury  to  the  heart  and  great  vessels,  but  some  cases 
come  under  treatment  in  which  it  appears  that  the  heart  may  have  been 
struck  or  the  pericardium  entered  without  fatal  result.  Wounds  of  the 
lateral  regions  which  involve  either  the  pleura  or  lung  are  of  much  less 
serious  moment,  although  a  fair  percentage  of  these  cases  present  sub- 
sequent complications  or  sequelae,  such  as  hemorrhage  or  empyema. 
Penetrating  wounds  by  shell  fragments  are  of  more  serious  import  than 
similar  wounds  by  bullets,  unless  the  bullets  be  deformed.  The  large 
and  jagged  opening  torn  in  the  chest  wall  may  lead  to  immediate  col- 
lapse of  the  lung,  and  the  injury  is  quite  surely  followed  by  sepsis  if  death 
does  not  immediately  occur. 

In  wounds  of  the  lungs  by  undeformed  bullets  the  minimum  of  trauma 
is  produced,  for  the  structure  of  these  organs  is  so  loose  that  a  bullet  in 
passing  through  them  produces  destruction  of  tissue  only  in  the  line  of 
its  track. 

The  probable  proportion  of  infection  which  may  be  expected  in  pene- 
trating woimds  of  the  chest  may  be  inferred  from  the  results  in  the  Boer 
War,  where  in  two  hundred  and  fourteen  cases,  thirty-two  (about  15  per 
cent.)  were  followed  by  pyothorax.  Stevenson  states  that  the  wounds 
made  by  ricochet  bullets,  by  bullets  of  large  caliber,  and  by  shell  fragments 
were  usually  septic,  and  that  bullets  which  had  passed  through  infected 
areas  before  entering  the  lungs  produced  infection.  He  cites  a  case  in 
which  the  bullet  had  traversed  the  ascending  colon  and  liver,  then  passed 
into  the  right  pleura  and  caused  right  empyema. 

The  symptoms  of  penetration  in  order  of  frequency  are  hemopt)^is, 
dyspnea,  pain,  collapse  and  shock,  severe  cough,  friction  sounds,  and 
deficient  chest  movement.  The  complications  which  may  arise  later  are 
internal  hemorrhage,  pleurisy,  empyema,  and  abscess  of  the  lung. 
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Hemoptysis  occurs  in  about  one-half,  dyspnea  in  about  one-third,  pain 
in  about  one-fourth,  and  collapse  or  shock  and  severe  cough  in  about  one- 
fifth  of  the  cases.  About  one-fourth  of  the  cases  give  evidence  of  intra- 
pleural bleeding,  about  one-eighth  have  empyema,  and  about  one-half 
have  pleurisy.  External  hemorrhage  is  quite  rare.  Internal  hemorrhage 
is  evidenced  by  the  constitutional  symptoms  and  by  the  usual  symptoms 
of  hemothorax.  Recurrent  hemorrhage  is  usually  accompanied  by  rise 
of  temperature  which  may  be  mistaken  for  beginning  empyema.  Dysp- 
nea and  pain  commonly  go  together;  both  vary  greatly  in  severity  and 
in  many  cases  are  entirely  absent.  Shock  and  collapse  generally  result 
from  injury  by  a  large  missile,  such  as  a  fragment  of  shell  or  a  deformed 
bullet;  and  in  wounds  from  undeformed  small-caliber  bullets  which  merely 
traverse  the  pleura  or  lung,  shock  is  commonly  absent.  In  many  cases 
of  perforation  of  the  chest  by  small-caliber  bullets  pain  and  other  symp- 
toms are  but  little  pronounced,  the  position  of  the  entrance  and  the  exit 
wound  alone  giving  evidence  of  the  fact  that  the  missile  has  traversed  the 
chest  cavity. 

Treatment  of  Penetrating  Wounds  of  the  Chest. — ^The  fact  that 
so  many  penetrating  wounds  of  the  chest  by  small-caliber  missiles  give 
rise  to  only  a  few  symptoms  leads  the  patient,  and  often  the  surgeon,  to 
concern  himself  too  little  about  the  condition.  Patients  with  such  wounds 
often  walk  about  showing  no  evidence  of  serious  injury,  and  consequently 
have  taken  it  upon  themselves,  or  have  been  allowed,  to  move  about 
freely.  All  observers,  however,  note  the  greater  frequency  with  which 
hemorrhage  recurs  or  occurs  later  in  those  cases  which  are  allowed  to 
move  about  or  who  are  jolted  over  rough  roads  or  in  conveyances  without 
springs.  Every  penetrating  wound  of  the  chest  should,  therefore,  be 
carefully  watched  and  kept  quiet  for  some  time,  even  though  the  symp- 
toms be  slight.  The  chest  should  be  immobilized  by  bandaging  or  by  ad- 
hesive strips  and  the  patient  kept  in  a  recumbent  position.  If  there  is 
evidence  of  internal  hemorrhage,  not  only  should  the  patient  be  kept  quiet 
and  the  chest  immobilized,  but  morphin  should  be  administered  in  doses 
of  considerable  size.  Should  the  intrapleural  bleeding  cease  sponta- 
neously, the  patient  should  be  kept  quiet  and  no  immediate  attempt 
should  be  made  to  remove  the  blood  unless  it  has  accumulated  to  such  an 
extent  as  seriously  to  impair  respiration  or  press  upon  the  heart.  If  the 
blood  is  removed  too  soon,  the  bleeding  may  commence  again;  hence  it  is 
better  to  wait  until  the  serum  has  separated  and  remove  this  by  aspira- 
tion. If  the  bleeding  be  from  an  intercostal  artery,  it  should  be  ligated 
in  the  wound. 

The  military  surgeon  will  rarely  be  able  to  do  an  intrathoracic 
operation  for  bleeding  from  the  vessels  of  the  lung,  as  operation  re- 
quires such  apparatus  as  the  Fell-0'Dwyer  apparatus  or  the  pneumatic 
cabinet. 

The  possibility  of  the  occurrence  of  etnpjfema  should  always  be  borne 

in  mind,  and,  should  it  occur,  its  early  diagnosis  is  of  great  moment,  and 

resection  of  a  part  of  a  rib  and  drainage  should  be  at  once  instituted. 

Early  recognition  and  operation  will  often  prevent  the  great  thickening  of 
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the  pleura  which  necessitates  the  more  extended  operations  of  Schede  or 
Estlander. 

When  a  bullet  lodges  in  the  chest  wall,  it  usually  causes  little  or  no  in- 
convenience, but  when  it  produces  symptoms  which  indicate  its  removal, 
it  should  be  first  localized  by  the  x-rays  to  determine  whether  or  not  such 
removal  is  practicable.  On  account  of  the  non-resistance  of  the  lung, 
bullets  rarely  lodge  in  it,  but  rather  pass  through  and  fix  themselves  in  the 
chest  wall.  In  rare  cases  lodgment  in  the  lung  tissue  itself  may  occur. 
Should  this  be  the  case,  the  missile  usually  becomes  encysted  and  gives 
rise  to  no  further  trouble,  although  an  abscess  sometimes  develops  about 
it  which  may  require  evacuation. 

Wounds  of  the  Abdomen. — Wounds  of  this  region  have  been  of  great 
interest  to  surgeons  since  modem  surgical  methods  have  allowed  safe 

exploration  of  the  abdominal 
cavity.  The  results  of  oper- 
ative abdominal  surgery  in  civil 
practice  have,  however,  not  been 
paralleled  in  military  surgery. 
The  civil  surgeon  is  able  to 
operate  with  every  attention  to 
aseptic  detail,  has  plenty  of  time 
and,  usually,  numerous  assist- 
ants. The  circumstances  in 
war  are  such  that  these  condi- 
tions cannot  be  paralleled  except 
in  rare  cases.  The  condition  of 
the  aid  stations  and  advanced 
hospitals  is  usually  such  that 
aseptic  work  is  impossible,  the 
time  to  be  given  each  case  is 
short,  and  the  number  of  assist- 
ants is  small. 

The  results  obtained  in  the 
treatment  of  these  wounds  in 
war  rest  more  particularly  upon 
the  conditions  incident  to  the  wounds  themselves.  The  patients  who 
recover  do  so  generally  for  the  reason  that  the  abdominal  organs  have 
not  been  seriously  wounded,  the  intestines  have  not  been  perforated,  and 
septic  peritonitis  has  not  been  set  up. 

Non-penetrating  wounds  of  the  abdomen  are  rarely  of  serious  import 
except  in  those  comparatively  rare  cases  where  the  impact  of  the  missile 
against  the  abdominal  wall  has  caused  rupture  of  a  viscus  without  pene- 
tration of  the  abdominal  cavity.  Such  rupture  of  an  intra-abdominal 
organ  or  of  the  intestine  may  be  produced  by  the  impact  of  a  fragment 
of  shell  against  the  abdominal  wall  or  even  by  a  contusion  by  bullet. 
Stevenson  reports  a  case  of  the  latter  sort  in  which  a  patient  was  struck 
by  a  Mauser  bullet  a  little  above  the  umbilicus  in  such  oblique  direction 
that  the  skin  was  only  grazed.     Peritonitis  set  in  and  the  man  died  on  the 


Fig.  506. — Rupture  of  the  Ileum  in  two  Places 
FROM  A  Graze  by  a  Maubkr  Bullet. 
Skin  only  abraded,  not  penetrated — the  photo- 
graph exaggerates  the  injury  to  the  skin  (Steven- 
son:  Report,  South  African  War). 
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seventh  day.  On  autopsy  two  ruptures  were  found  in  the  ileum  imme- 
diately beneath  the  point  of  impact  of  the  bullet. 

In  penetrating  wounds  of  the  abdomen  so  much  depends  upon  infection 
or  non-infection,  and  upon  whether  or  not  a  viscus  is  wounded,  and,  if 
one  is  wounded,  the  particular  one  injured,  that  in  considering  these  cases 
all  these  special  facts  must  be  borne  in  mind. 

Penetrating  Wounds  of  the  Abdomen  without  Symytoms  of  Visceral 
Lesion, — ^The  abdominal  cavity  has  been  traversed  in  almost  every  pos- 
sible direction  without  any  resulting  symptoms  of  injury  to  intra- 
abdominal organs.  That  the  organs  have  escaped  in  all  these  cases  is 
impossible.  Undoubtedly  in  some  the  liver,  kidneys,  and  possibly  the 
intestines,  have  been  injured  by  a  missile,  but  with  no  ill  effect  resulting. 
The  small  size  of  the  modem  military  rifle  bullet  largely  accounts  for 
such  cases.  If  large  blood-vessels  of  intra-abdominal  organs  are  not  cut, 
the  hemorrhage  may  be  moderate  and  the  patient  recover  without  marked 
sjnnptoms.  If  the  bullet  wounds  an  empty  intestine,  it  is  quite  possible 
that  nature  may  repair  the  injury.  In  fact,  it  has  been  noted  that  in 
some  cases  openings  in  the  intestine  made  by  small-caliber  missiles  have 
been  closed  either  by  the  intestine  fixing  itself  to  the  adjoining  gut  or  by 
a  piece  of  omentum  falling  over  the  aperture  and  sealing  it.  Necessarily 
these  cases  are  rare,  but  they  undoubtedly  occur  and  account  for  some  of 
the  recoveries.  If  the  wound  be  infected  from  without,  as  may  sometimes 
be  the  case,  even  though  a  viscus  be  not  wounded,  the  patient  will  neces- 
sarily suffer  from  septic  peritonitis,  and  unless  the  sepsis  can  be  controlled 
by  operation,  cleaning,  and  drainage,  the  case  will  likely  end  fatally. 

Wounds  of  the  Stofnach. — ^The  surgeons  in  the  Boer  War  have  reported 
a  number  of  cases  of  alleged  wounds  of  the  stomach  in  which  recovery  has 
followed  without  operation.  In  some  of  the  cases  so  reported  it  is  quite 
possible  that  the  stomach  was  not  really  injured,  but  in  others  it  undoubt- 
edly was.  In  Stevenson's  report  nineteen  cases  of  wounds  of  the  stomach 
are  given.  Of  these  but  two  died,  one  from  peritonitis  after  operation. 
It  seems  evident,  as  Stevenson  remarks,  that  bullet  perforations  of  the 
stomach  by  small-caliber  missiles  are  not  as  fatal  injuries  as  are  those 
produced  by  the  older  bullets. 

Wounds  of  the  Smalt  Intestine. — ^Wounds  of  the  small  intestine  are 
much  more  serious  than  are  wounds  of  the  stomach.  In  the  American 
Civil  War  every  case  in  which  the  small  intestine  was  known  to  have  been 
wounded  died.  In  late  wars  there  is  a  considerable  percentage  of  re- 
coveries. In  the  Boer  War  thirty-five  cases  were  reported  in  which  the 
small  intestine  alone  was  wounded,  and  of  these  twenty-two,  or  62.8 
per  cent.,  died.  The  fact  that  one-third  of  the  cases  recovered  is  evi- 
dence that  nature  may  be  relied  upon  to  a  certain  extent;  and  when  one 
considers  the  extreme  danger  from  peritonitis  following  such  injury,  the 
fact  that  so  many  recoveries  occurred  is  surprising.  In  the  thirty-five 
cases  referred  to,  laparotomy  was  done  in  eleven,  and  of  these  seven  died. 
The  surgeons  in  the  Boer  War  all  report  themselves  as  convinced  that 
operation  is  justifiable  only  when  aseptic  technic  can  be  employed  or 
when  the  patient  would  unquestionably  die  if  operation  were  not  done. 
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Wounds  of  the  Large  Intestine. — ^These  are  not  nearly  so  serious  as  are 
wounds  of  the  small  gut.  In  forty-seven  cases  reported  in  the  Boer  War 
thirteen  died,  a  mortality  of  27.7  per  cent.  As  the  large  intestine  is  not 
entirely  covered  by  a  peritoneal  coat,  it  can  be  readily  wounded  extra- 
peritoneally,  but  the  probabilities  of  fatal  termination  appear  to  be  equal 
whether  the  intestine  is  wounded  intraperitoneally  or  extraperitoneally. 
An  extraperitoneal  wound  almost  invariably  results  in  fecal  cellulitis 
which  goes  on  to  suppuration  or  septicemia.  Wounds  of  the  rectum 
appear  to  be  equal  in  gravity  to  other  wounds  of  the  large  intestine. 
In  the  Boer  War  the  mortality  of  wounds  of  the  rectum  was  30.7  per  cent., 
deaths  being  due  to  peritonitis,  internal  hemorrhage,  and  septicemia. 

Wounds  of  the  Bladder. — ^These  appear  to  be  of  about  equal  graWty 
with  wounds  of  the  large  intestine,  for  in  twelve  cases  reported  from  the 
Boer  War  four,  or  33  per  cent.,  died.  As  with  the  large  intestine,  the 
danger  appears  to  be  equally  great,  if  not  greater,  from  extraperitoneal 
and  from  intraperitoneal  wounds,  the  resulting  cellulitis  and  septicemia 
accounting  for  the  mortality. 

Diagnosis  of  Intra-abdominal  Injury. — ^The  determination  of  the 
exact  character  of  intra-abdominal  injury  after  gunshot  is  nearly  always 
difficult,  and  often  impossible  unless  resort  to  laparotomy  is  had.  In 
general,  however,  it  may  be  stated  that  the  symptoms  of  the  condition  are 
more  or  less  closely  related  to  the  gravity  of  the  injury.  In  cases  which 
are  not  operated  upon  and  recover,  it  has  been  noted  that  the  shock  is 
usually  moderate,  evidence  of  internal  hemorrhage  is  slight,  abdominal 
tenderness  is  localized,  the  pulse  goes  little  above  100,  and  there  is  but 
moderate  elevation  of  temperature.  When  internal  hemorrhage  is  pro- 
nounced, it  is  evidenced  by  the  general  symptoms  of  loss  of  blood,  and, 
when  the  case  develops  septic  peritonitis,  the  usual  symptoms  of  this 
condition  will  appear.  It  is  commonly  known  that  very  serious  wounds 
of  the  intestine  may  occur  and  yet  no  evidence  appear  early  in  the  case. 
But  continued  mild  symptoms  point  indisputably  to  the  fact  that  the 
intra-abdominal  injury  is  not  great  or  that  nature  has  provided  a  cure. 

Treatment. — ^The  treatment  of  penetrating  wounds  of  the  abdomen 
must  depend  entirely  upon  the  conditions.  There  can  be  no  exception  to 
the  general  rule  that,  given  aseptic  control,  surgical  skill,  and  sufficient 
time,  there  should  be  no  delay  in  doing  a  laparotomy.  Under  these 
conditions  there  is  practically  no  danger  in  the  operation  and  it  affords  the 
only  means  by  which  the  surgeon  can  determine  early  the  exact  intra- 
abdominal condition  and  repair  it.  Unfortunately,  in  the  surgery  of  war, 
these  favorable  conditions  are  rarely  present,  and  it  is  the  absence  of  them, 
together  with  the  fact  that  operation  under  sepsis  is  more  surely  fatal  than 
non-interference,  that  makes  the  usual  treatment  of  penetrating  wounds  of 
the  abdomen  in  war  differ  from  the  treatment  of  similar  wounds  in  peace. 
The  theoretically  perfect  course  is  to  operate  immediately,  aseptically, 
and  properly,  but  operation  without  aseptic  control  is  not  permissible 
in  any  case  unless  the  patient  will  manifestly  die  if  no  operation  be 
done. 

In  military  surgery,  in  addition  to  the  frequent  inability  to  insure 
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aseptic  technic,  the  surgeon  has  further  to  consider  the  after-treatment 
of  the  case  and  the  transportation  which  the  wounded  man  must  gen- 
erally and  necessarily  undergo.  Rest  and  proper  diet  are  very  essential 
post-operative  factors  in  abdominal  work.  Both  of  these  are  often  difficult 
or  impossible  of  attainment  under  the  conditions  which  obtain  in  war,  and 
these,  together  with  the  time  which  often  elapses  between  the  receipt  of 
injury  and  the  time  when  operation  can  be  done,  are  strong  factors  in 
determining  what  course  the  surgeon  must  pursue. 

Exploration  of  the  wound,  even  aseptically,  to  determine  the  question 
of  penetration,  is  absolutely  contraindicated;  for  if  the  surgeon  finds  that 
the  wound  passes  into  the  abdomen,  he  must  then  do  a  laparotomy,  and 
if  he  is  unable  to  enter  the  abdominal  cavity  through  the  wound,  the 
failure  is  no  evidence  that  the  penetration  has  not  occurred. 

The  time  of  operation  is  of  moment,  for  the  earlier  the  operation  is 
done,  the  easier  it  will  be  for  the  surgeon  to  prevent  or  check  peritonitis 
from  extravasation  of  intestinal  contents.  Unfortunately  in  war  opera- 
tion can  usually  be  done  only  at  a  late  period,  some  time  elapsing  between 
the  receipt  of  the  wound  and  the  arrival  of  the  patient  at  a  field  hospital 
where  even  an  ordinary  degree  of  asepsis  can  be  observed. 

In  cases  of  dangerous  internal  hemorrhage  where  the  surgeon  has 
time  and  opportunity  to  operate,  operation  is  sometimes  justifiable,  even 
without  absolutely  aseptic  technic,  when  it  is  a  choice  between  this  and 
the  early  death  of  the  patient;  and  the  surgeon  may  be  able  to  control  the 
resulting  peritonitis  by  leaving  a  large  gauze  drain  in  the  abdomen.  In 
extraperitoneal  wounds  of  the  small  intestine  and  bladder,  early  explora- 
tion and  free  drainage  are  required  to  prevent  the  resulting  cellulitis  and 
septicemia. 

Wounds  of  the  Genital  Organs. — ^Wounds  of  this  class  are  com- 
paratively infrequent  and  generally  are  not  of  serious  moment.  In  gun- 
shot wounds  much  depends  upon  the  kind  of  missile  by  which  the  injury 
is  produced,  extensive  lacerations  being  produced  by  fragments  of  shell, 
but  with  bullets  the  trauma  is  usually  limited  to  the  course  of  the  pro- 
jectile. When  the  testicle  is  traversed  by  the  modern  small-caUber 
missile,  there  is  no  general  disorganization  of  its  structure.  Such  cases 
are  frequently  uninfected  and  recover  without  any  apparent  impairment 
of  function. 

Wounds  of  the  urethra  are  sometimes  serious,  but  ordinarily  they  are 
readily  managed.  In  the  majority  of  cases  a  catheter  can  be  introduced 
into  the  bladder  without  trouble,  the  injury  usually  being  confined  to  the 
sides  of  the  urethra  and  not  being  of  the  jagged,  lacerated  type  commonly 
met  with  in  civil  practice.  In  the  treatment  of  these  ctises  the  main 
points  are  the  control  of  hemorrhage,  the  limitation  of  extravasation,  and 
repair  of  the  urethra.  Where  a  catheter  can  be  introduced  into  the  bladder 
and  there  is  no  sign  of  extravasation  of  urine,  nothing  more  need  be  done 
except  carefully  to  watch  the  case  for  the  onset  of  extravasation.  Should 
it  occur,  a  perineal  section  should  be  done  at  the  site  of  the  laceration, 
the  wound  thoroughly  cleaned  and  a  catheter  introduced.  If  possible,  the 
urethra  should  be  repaired  by  suture  and  a  catheter  left  in  for  a  week. 
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When  cellulitis  from  extravasation  occurs,  it  must  be  treated  by  free 
incisions  wherever  signs  of  its  presence  appear. 

Wounds  of  the  Extremities. — ^About  70  per  cent,  of  wounds  in  war 
are  of  the  upper  and  lower  extremities,  the  proportion  being  about  equally 
divided  between  the  two.  About  one-third  of  all  these  wounds  are  com- 
plicated by  fracture  of  the  bones. 

The  mortality  in  wounds  of  the  upper  and  lower  extremities  is  low, 
especially  since  modem  surgical  methods  have  been  introduced.  The 
mortality  from  flesh  wounds  is  very  low  indeed,  most  of  the  deaths  arising 
from  cases  in  which  the  bones  have  been  fractured.  The  great  reduction 
in  mortality  in  wounds  of  the  extremities  in  modem  wars  is  shown  by  the 
figures  of  the  Spanish-American  War  as  compared  with  those  of  the  Civil 
War.  In  the  American  Civil  War  the  mortality  in  gunshot  injuries  of  the 
upper  extremities  was  6.5  per  cent.  In  the  Spanish-American  War  the 
mortality  was  but  0.2  per  cent.  In  wounds  of  the  lower  extremity  in  the 
Civil  War  13.8  per  cent,  died,  and  in  the  Spanish-American  War  1.68  per 
cent.  In  the  Boer  War,  in  one  hundred  and  forty-three  cases  of  fracture 
of  the  upper  extremities,  three,  or  2. 1  per  cent.,  died;  and  in  three  hundred 
and  seven  cases  of  fracture  of  the  lower  extremity,  thirty-nine,  or  12.7 
per  cent.,  died.  As  in  the  Spanish-American  W^r,  nearly  all  flesh  wounds 
recovered.  As  might  be  expected,  the  highest  mortahty  was  in  fractures 
of  the  larger  bones,  such  as  the  femur  and  both  bones  of  the  leg.  In 
one  hundred  cases  of  compound  fractures  of  the  arm,  forearm,  thigh,  or 
leg  in  the  Spanish-American  War,  thirteen  amputations  were  done,  or 
13  per  cent.  In  four  hundred  and  fifty  cases  of  the  same  sort  in  the 
Anglo-Boer  War,  ninety-seven  amputations  were  done,  or  21.5  per  cent. 
In  the  thirteen  amputations  in  the  Spanish-American  War,  five,  or  38.4 
per  cent.,  died,  and  in  the  ninety-seven  cases  in  the  Boer  War,  thirty-four, 
or  35  per  cent.,  died.  The  comparatively  high  mortality  after  amputar 
tion  is  undoubtedly  due  to  the  great  severity  of  the  cases  which  require 
this  procedure. 

General  Treatment  of  Wounds  of  the  Extremities. — ^The  usual 
treatment  of  wounds  of  the  extremities  is  conservative.  At  the  first 
lines  of  assistance  suitable  dressings  and  immobilization  of  the  limb  and, 
later,  careful  observation  to  determine  whether  or  not  infection  has  oc- 
curred ,  is  to  be  practised.  If  infection  is  present  but  is  in  moderate  degree, 
it  can  usually  be  controlled  by  carefully  cleaning  out  the  wound  and  the 
after-use  of  drainage  and  irrigation.  Exploration  of  the  fracture  may  be 
required  when  bone  fragments  are  so  displaced  that  they  are  pressing  upon 
important  stmctures  or  may  later  interfere  with  the  function  of  the  part. 

When  operative  measures  have  to  be  adopted,  the  question  of  ex- 
cision or  amputation  will  arise.  Excision  in  the  continuity  of  the  long 
bones  has  been  unfavorably  looked  upon  by  military  surgeons  in  the  past. 
In  pre-aseptic  days  the  mortality  from  this  operation  was  greater  than 
from  amputation,  and  the  function  of  the  limb  following  excision  was,  as 
a  rule,  not  good.  As  these  results  were  noted  in  wars  previous  to  the 
adoption  of  modern  surgical  methods,  it  is  quite  possible  that  with  the 
resources  of  asepsis  and  antisepsis  limbs  may  be  saved  in  the  future  by 
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recourse  to  excision  with  much  greater  probability  of  restoration  of  func- 
tion and  less  danger  to  the  life  of  the  patient  than  in  the  past. 

The  mortaUty  in  amputations  as  shown  above  is  still  high,  but,  as 
not^,  is  undoubtedly  due  in  large  measure  to  the  fact  that  these  opera- 
tions are  done  only  in  the  worst  cases.  Amputation  will  have  to  be  con- 
sidered when  the  soft  parts  are  greatly  destroyed,  when  the  main  vessels 
of  the  extremity  are  severed,  and  when  infection  is  present  and  cannot  be 
controlled. 

In  wounds  of  the  upper  extremity  every  possible  effort  should  be 
made  to  save  the  limb.  The  loss  of  a  lower  extremity  can  be  fairly  well 
compensated  by  an  artificial  limb,  but  no  appUance  has  ever  been  devised 
which  is  even  a  fair  substitute  for  a  hand  and  arm.  Fortunately  the 
upper  extremity,  on  account  of  the  free  anastomosis  of  the  blood-vessels 
and  the  comparatively  large  blood-supply,  is  quite  suitable  for  conserva- 
tive treatment. 

Wounds  of  the  shoulder- joint  have  to  be  treated  according  to  the  con- 
ditions present.  When  the  capsule  of  the  joint  alone  is  injured,  occlusive 
dressing  and  immobilization  of  the  limb  will  usually  be  all  that  is  required. 
When  the  bones  of  the  joint  are  so  shattered  as  to  insure  resulting  anky- 
losis, the  joint  should  be  explored  under  asepsis,  loose  fragments  removed, 
and  undetached  fragments  wired.  Should  this  fail,  an  excision  may  be 
done  later  to  produce  a  movable  joint.  Amputation  will  be  rarely  re- 
quired except  where  there  is  extensive  destruction  of  the  soft  parts,  or 
where  gangrene  or  extensive  inflammatory  reaction  occurs  on  the  distal 
side  of  the  injury. 

Gunshot  fractures  of  the  humerus  will  rarely  require  other  than  con- 
servative treatment  except  under  the  conditions  already  given.  If 
formal  or  informal  excision  has  to  be  done,  a  very  useful  limb  may  result 
even  though  the  humerus  be  considerably  shortened. 

Wounds  of  the  elboio-joirU  should  be  treated  on  the  same  lines  as  are 
those  of  the  shoulder.  On  account  of  the  close  articulation  of  the  bones 
of  this  joint,  injury  to  them  is  almost  sure  to  be  followed  by  more  or  less 
ankylosis,  but  some  pronation  and  supination  may  be  retained  when  the 
head  of  the  radius  has  escaped  injury.  When  the  joint  is  not  infected, 
passive  motion  should  be  instituted  as  early  as  would  be  done  in  a  simple 
fracture.  If  the  joint  be  infected,  the  best  result  that  can  be  hoped  for  is 
the  healing  of  the  limb  with  ankylosis.  The  forearm  should  be  flexed  at 
about  75  degrees  if  ankylosis  is  expected.  Excision  of  the  elbow  was  not 
highly  esteemed  in  pre-antiseptic  days,  but  with  modern  methods  the 
possibilities  of  this  operation  have  been  very  greatly  increased,  and  it  is 
now  a  thoroughly  accepted  method  of  procedure. 

In  fractures  of  the  forearm  great  attention  should  be  given  to  the  pos- 
sibility of  interference  with  pronation  and  supination  through  fragments 
extending  from  the  radius  to  the  ulna  or  the  two  bones  being  pressed 
together.  If  there  are  any  fragments  in  the  interosseous  space,  these 
should  be  removed  and  interosseous  pads  and  splints  should  be  so  applied 
as  to  keep  the  bones  apart. 

In  gunshot  wounds  of  the  wrist  there  is  practically  invariably  resulting 
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disability.  The  size  of  the  wrist  bones  relative  to  that  of  the  missile  is 
such  that  it  is  impossible  for  a  projectile  to  traverse  the  wrist  without 
comminution  of  the  bones  to  a  considerable  degree,  and  bony  necrosis  is 
almost  sure  to  follow  such  injury.  This  being  the  case,  these  fractures 
should  always  be  examined  when  practicable  by  the  x-ray,  and,  if  con- 
ditions permit,  the  wound  should  be  explored,  all  loose  fragments  of  bone 
removed,  and  the  joint  put  in  the  best  possible  condition. 

Wounds  of  the  Lower  Extremities. — The  treatment  of  wounds  of  the 
lower  extremity  is  somewhat  different  from  that  of  the  upper,  in  that  this 
part,  if  lost,  can  be  better  compensated  for  by  the  use  of  an  artificial 
limb  than  can  the  upper  extremity.  Also,  the  lower  extremity  does  not 
yield  itself  as  well  to  conservative  treatment  where  the  bones  have  been 
shattered  and  the  wound  infected,  or  where  the  large  vessels  have  been 
torn  or  large  portions  of  the  soft  parts  carried  away.  The  blood-supply 
to  the  part  is  not  so  great  as  in  the  upper  extremity  and  the  possibility  of 
gangrene  and  severe  inflammation  resulting  when  the  vascular  supply  is 
partly  interfered  with  is  much  greater  in  the  lower  than  in  the  upper  limb. 

In  wounds  of  the  hip-joint  expectant  treatment  is  particularly  to  be 
recommended  in  military  surgery  unless  the  wound  is  large  and  mani- 
festly infected.  If  the  wound  is  infected,  early  exploration  is  required, 
followed  by  thorough  drainage  and  irrigation,  for  in  this  way  only  can  the 
very  disastrous  inflammation  of  the  hip- joint  be  prevented  or  controlled. 
When  infection  is  not  present,  non-interference  will  often  give  excellent 
results,  but  secondary  operative  measures  may  be  required  to  relieve 
necrosis  or  troubles  of  the  joint.  When  control  of  sepsis  is  possible  and 
interference  is  required,  the  procedure  should  be,  first,  exploration  of  the 
joint;  second,  removal  of  loose  bone  fragments;  and,  third,  immobiliza- 
tion and  extension  of  the  limb.  When  the  wound  is  infected  and  the  head 
of  the  femur  is  badly  shattered,  conservative  treatment  will  probably  be 
followed  by  inflammation  of  the  bone  and  surrounding  tissues  which  will 
be  difficult,  if  not  impossible,  to  control.  In  such  cases  the  surgeon  should 
make  a  clean  excision  of  the  head  of  the  femur  and  institute  thorough 
drainage,  and,  if  this  does  not  answer,  amputation  must  be  resorted  to. 

Amputation  at  the  hip-joint  as  an  immediate  operation  will  be  re- 
quireci  only  in  cases  in  which  there  is  an  extensive  destruction  in  the  soft 
parts  about  the  joint  or  below  it.  The  mortality  from  disarticulation  of 
the  hip  is  great.  In  eighty-two  primary  amputations  in  the  Civil  War 
the  mortahty  was  91.4  per  cent.  In  the  Spanish-American  War  there 
were  three  disarticulations  with  one  death.  In  the  Boer  War  there  were 
twelve  operations  with  eight  deaths,  a  mortality  of  66.7  per  cent.  This 
operation,  therefore,  is  justified  only  in  extreme  cases. 

Wounds  of  the  femur,  knee,  and  ankle-joint  require  only  the  same 
general  treatment  as  has  already  been  indicated.  As  a  rule,  excisions  in 
the  lower  extremity  are  not  as  favorable  as  are  similar  operations  in  the 
upper.  The  limb  as  shortened  by  such  operation  is  usually  not  as  satis- 
factory as  an  artificial  apphance,  and  where  much  of  the  continuity  of 
the  bone  or  a  joint  has  to  be  removed,  better  results  can  usually  be 
obtained  by  amputation  than  by  excision.    This  is  especially  so  when 
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the  number  of  fragments  of  bone  is  great,  infection  is  present,  the  soft 
parts  much  destroyed,  or  the  vascular  supply  materially  interfered  with. 
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CHAPTER  LXVII. 

NAVAL  SURGERY. 

By  Surgeon-General  P.  M.  Rixey,  U.  S.  Navy, 


WASHINGTON,    D.   C. 


Definition. — Naval  surgery  is  to  be  defined  as  that  branch  of  general 
surgery  which  has  to  do  with  the  wounds  and  injuries  and  surgical  con- 
ditions peculiar  to  life  on  ships  of  war  and  their  activities  in  battle.  Thus 
expressed,  the  subject  must  differ  from  military  surgery,  which  deals 
only  with  conditions  resulting  from  hostilities  on  shore.  It  is,  however, 
not  to  be  inferred  that  there  is  a  distinct  line  drawn  between  the  two,  for 
naval  surgical  experience,  under  certain  circumstances  of  service,  extends 
well  into  the  territory  of  small-arm  injuries  and  partakes  of  the  surgery 
peculiar  to  the  army.  The  naval  forces,  comprised  of  officers  and  enlisted 
men  of  the  navy  and  marine  corps,  also  may  be  called  upon  to  serve  on 
shore  in  any  part  of  the  world;  and  when  so  employed,  the  influences 
to  which  they  become  exposed,  and  the  peculiar  surgical  conditions  re- 
sulting, are  practically  the  same  as  those  of  the  army  in  the  field. ^ 

While,  therefore,  naval  surgery  embraces  in  general  much  that  would  pertain 
to  military  surgery,  it  has  a  domain  peculiar  to  itself  and  is  entitled  to  special  treat- 
ment. This  trutn  finds  explanation  in  the  inseparable  features  of  environment 
on  board  a  modern  vessel,  which  furnish  a  distinct  and  unique  set  of  surgical  cases, 
and  in  the  fact  that  most  of  the  wounds  are  caused  by  shells  or  the  flying  fragments 
of  steel  and  iron  and  the  splinters  of  diverse  materials  resulting  from  their  explosion. 
If,  however,  the  word  "military"  is  construed  as  referring,  in  this  connection,  to 
surgery  due  to  conditions  produced  by  war,  including  hostilities  ashore  and  afloat, 
then  naval  surgery  becomes  a  part  of  military  surgeiy  and  relates  to  aU  surgical 
conditions  that  are  peculiar  to  naval  action  or  to  life  aboard  men-of-war.  The 
latter  view  is  considered  to  be  the  one  sanctioned  by  custom  and  usage  of  the  present 
day. 

The  subject  will  be  considered  under  the  following  heads:  (1)  Histor- 
ical. (2)  Battleship  conditions  of  the  present  day.  (3)  Organization  of 
the  medical  department  and  preparation  for  battle.  (4)  Conduct  of 
the  medical  department  during  battle.  (5)  Surgical  conditions  of  naval 
warfare.  (6)  Conduct  of  the  medical  department  after  battle.  (7)  Meth- 
ods of  transportation.     (8)  Hospital  ships. 


HISTORY. 

The  appointment  of  surgeons  to  ships  may  be  properly  credited  to  that 
period  when,  in  consequence  of  the  jealousy  of  European  nations  with 
respect  to  their  commerce  and  colonial  possessions,  warlike  disputes  at 
sea  became  frequent  between  them.^  The  improvement  in  naval  tactics; 
the  increased  size  and  more  complicated  construction  of  ships;  and  the 
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greater  length  of  the  voyages,  as  compared  with  ancient  and  medieval 
times,  also  played  an  important  part  in  pointing  out  the  desirability — 
indeed,  the  necessity — of  creating  this  new  field  for  surgical  practice. 
As  regards  the  history  of  naval  surgery  in  the  United  States,^  it  is  interest- 
ing to  note  that  it  had  its  origin  in  Virginia,  in  natural  consequence  of 
that  colony's  naval  preparation  for  the  anticipated  struggle  with  the 
mother  country. 

It  is  a  far  cry  from  early  conditions  to  the  present  splendid  advance  of 
medical  science  and  its  mode  of  application  to  the  naval  service,  and  it  is 
pathetic  to  contemplate  the  conditions  which  then  prevailed  and  with 
which  early  naval  surgeons  contended.  The  status  of  the  medical  de- 
partment was  most  equivocal;  its  accommodations  a  concession,  a  cour- 
tesy, a  makeshift;  and  its  equipment  meager — provided  by  the  surgeons 
themselves,  so  thai  it  may  be  readily  understood  that  the  character  and 
quality  varied  materially.* 

From  these  early  primitive  provisions  for  the  bare  necessities  in  accom- 
modations and  supplies  for  the  sick  and  woundeb,  and  the  humiliating 
position  of  the  ship's  surgeon,  the  change  has  been  evolved.  The  im- 
provement in  the  art  of  war  on  land  produced  equal  progress  in  the  art 
of  destruction  at  sea,  and  the  necessity  for  the  attendance  of  surgeons 
has  advanced  in  proportion.  The  naval  surgeon  has  become  an  indis- 
pensable factor  on  board  ship;  and  naval  surgery  as  important  a  field 
of  work  at  sea  as  military  surgery  by  land.  The  process  of  evolution  has 
been  slow  and  not  uninterrupted,  but  gradually  the  regular  establishment 
of  a  medical  department  in  naval  organization  became  an  accomplished 
fact,  and  now,  in  most  navies,  it  exists  and  functionates  under  one  head, 
and  the  provisions  for  the  sick  and  injured  conform  in  every  detail  to  the 
most  modem  ideas  of  the  medical  profession. 
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Personnel  and  Features  of  Man-of-war  Life.— It  would  be 
difficult  to  imagine  a  community  in  which  ample  faciUties  for  the  care 
of  emergency  cases  is  more  urgently  needed  than  on  a  modern  man-of-war. 
Perhaps  nowhere  in  the  world  are  surgical  injuries  so  likely  to  occur,  and 
the  acute  surgical  conditions  which  fall  to  the  lot  of  the  naval  surgeon  are 
many  and  varied  both  in  type  and  degree. 

In  Peace. — The  personnel  of  a  modem  battleship  can  no  longer  be  col- 
lectively termed  "seamen."  The  extensive  and  complicated  machinery 
to  be  handled  demands  the  selection  of  men  of  varied  special  training, 
representing  a  large  number  of  trades  and  arts,  and  the  whole  ship's 
complement  taken  together  is  comparable  to  the  working  part  of  the  pop- 
ulation of  a  small,  active,  manufacturing  town."^ 

Aside  from  the  inseparable  dangers  of  these  diverse  occupations, — car- 
penters, blacksmiths,  electricians,  coal-heavers,  firemen,  machinists,  gun- 
ners, etc., — each  class  of  men,  such  as  the  engineer  force  (than  which  none 
leads  a  harder  life),  is  exposed  to  special  dangers,  and  if  we  add  the  duties 
and  conditions  of  life  at  sea  common  to  all,  it  becomes  a  matter  for  remark, 
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not  that  accidents  are  common,  but  that  they  are  not  more  frequent. 
A  warship  of  today  is  a  vibrating,  busy,  steel  citadel,  fairly  alive  with  human- 
ity, surrounded  by  complex  mechanical  devices  and  other  dangers  that 
are  a  constant  menace  to  life  and  limb.*  The  injuries  to  which  man-of-war 
men  are  exposed  are  of  a  very  special  character,  like  their  surgical  mala- 
dies, but  accidents  occurring  in  the  performance  of  their  duties  have 
changed  their  nature  and  relative  frequency  owing  to  the  transformation 
in  our  ships  of  war. 

Formerly,  the  greatest  number  of  accidents  were  due  to  handling  sails 
and  ropes  and  their  management  under  way,  which  necessitated  going 
aloft.  These  conditions  and  the  liability  to  certain  accidents  which  they 
impose  still  exist  on  some  of  our  training  ships,  but  in  the  main  the  exposure 
to  accident  is  very  different,  as  may  be  imagined  by  those  who  are  fam- 
iliar with  the  extreme  complication  of  our  ships,  in  both  construction 
and  equipment.'  The  officers  and  men  hve  and  move  and  have  their 
being  among  the  most  powerful  explosives,  machinery,  and  a  multitude 
of  other  imminent  possibilities  of  accident.  They  are  exposed  to  the 
hazards  of  unusual  occupation — hoisting  and  lowering  boats  and  ammu- 
nition, revolving  massive  turrets,  taking  on  stores  by  heavy  swinging 
booms,  coaling  ship,  attending  to  the  chains  by  which  the  anchors  are 
dropped  and  weighed,  running  up  and  down  narrow  passages  or  going  to 
and  fro  by  day  and  night  on  slippery  decks  when  the  ship's  motion 
requires  constant  support  in  moving  about,  and  frequent  handling  and 
exercising  with  rifles  and  guns.  From  all  these  conditions  it  is  readily 
seen  how  great  is  the  liability  to  the  most  serious  injury,  internal  and 
external,  and  the  records  are  filled  with  incidents  attesting  its  actuality. 
The  whole  category  of  injuries,  varying  in  character  from  slight  con- 
tusions to  complete  destruction  of  the  body,  may  be  found  in  the  annals 
of  naval  surgical  experience.  Space  does  not  permit  their  enumeration, 
but  the  recitation  of  a  few  recent  representative  casualties  wiU  suffice 
to  illustrate  the  widely  dissimilar  nature  of  causes  and  effects. 

''A  lacerated  wound  (amputation)  caused  by  a  shark's  bite,  the  thigh  having 
been  grasped  four  inches  above  the  knee-joint,  stripped  down  to  the  bone,  and  torn 
away  at  the  joint,  leaving  the  lower  end  of  the  femur  bare.  The  patient  recovered 
after  a  circular  amputation.'' 

"Two  cases  of  gunshot  wound  of  the  leg  from  men  dropping  loaded  revolvers 
on  the  deck,  the  men  carrying  them  being  themselves  the  victims." 

"On  the  'Manila'  during  target  practice  three  men  were  injured  by  the  explo- 
sion of  a  Colt  automatic  gun.  They  were  standing  at  the  time  nve  or  six  feet  away 
from  the  breech,  in  the  rear  and  to  the  right.  The  explosion  was  due  to  the  jamming 
of  a  cartridge  in  the  muzzle." 

"On  one  of  the  small  gunboats  in  the  Philippines  a  cook  was  leaning  over  the 
rail  watching  the  disembarkation  of  some  soldiers  when  the  Krag  rifle  of  one  of  them 
went  off.  The  projectile  struck  an  iron  plate  and  disintegrated,  one  fragment 
entering  and  destroying  the  right  eye,  which  was  subsequently  enucleated;  another 
injuring  the  common  femoral,  resulting  in  aneurism." 

"On  the  U.  S.  S.  'Massachusetts,'  December  15,  1905,  the  gasket  of  a  boiler 
manhole  plate  blew  out.  Four  persons  were  so  scalded  as  to  require  transfer  to 
hospital,  while  three  others  lost  their  lives.  Of  the  seven  persons  involved  in  the 
accident,  four  were  imprisoned  in  the  fireroom  through  the  closing  of  the  door  by 
the  jet  of  steam  and  water  behind  it.  After  a  half  hour's  confinement  one  of  these 
men,  who  had  thrust  his  head  into  a  coal  bunker,  managed  to  effect  his  escape, 
and  though  severely  injured  made  a  satisfactory  recovery.     Of  the  three  remaining 
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victims,  one  was  found  dying  and  two  dead  when,  about  an  hour  and  a  quarter 
after  the  accident,  it  was  possible  to  enter  the  fireroom." 

"On  April  13,  1906,  while  the  U.  S.  S.  'Kearsarge'  was  engaged  in  target  prac- 
tice with  the  fleet  off  Cape  Cruz,  Cuba,  the  accidental  ignition  of  three  sections  of 
the  powder  charge  of  a  13-inch  gun  in  the  forward  turret  resulted  in  the  grave 
injury  from  burns,  external  and  internal,  of  the  entire  personnel  of  the  turret, 
comprising  two  officers  and  twelve  men.  Early  on  the  following  day  the  two 
officers  succumbed  to  the  injuries.  Five  of  the  injured  men  died  before  10  P.  m. 
of  the  day  of  the  accident,  three  died  subsequently,  and  four  recovered." 

In  War. — The  conditions  that  prevail  daily  in  time  of  peace  are 
aggravated  a  hundredfold  during  an  engagement.  Then  the  hurry  and 
excitement,  and  dangers  incident  to  handling  explosives  and  ammunition, 
and  the  firing  of  various  weapons  of  war  under  the  stress  of  nervous  un- 
balance and  tension,  to  say  nothing  of  the  countless  dangers  imposed  by 
the  enemy,  multiply  the  chances  of  injury  innumerably.® 

Medical  Department. — Out  of  these  ever-increasing  dangers  to 
life  and  limb  and  general  health, 
coupled  with  the  growing  realiza- 
tion of  the  economic  importance 
of  attention  to  the  physical  wel- 
fare, came  the  convincing,  impel- 
ling argument  for  the  betterment 
of  the  medical  department.  To 
every  one  acquainted  in  the 
slightest  degree  with  the  nature 
and  duties  of  a  ship  of  war,  health 
means  power;  without  it  no  ship 
and  no  fleet  can  be  efficient;  and 
what  are  ships,  what  are  fleets 
built  after  the  most  approved 
models,  guns  cast  on  the  most 
improved  pattern  and  caliber, 
crews  trained  to  the  point  of 
highest  eflficiency,  if  there  is  phys- 
ical incapacity."  It  is  obvious 
that  generous  provision  had  to  be 
made  for  the  sick  and  injured  that 
would  conform  to  modem  ideas. 

It  is  not  enough  that  medical  and  surgical  dispensary  service  be  provided, 
for  it  is  not  always  possible  to  transfer  the  seriously  sick  or  those  needing 
operation,  and  a  ship's  radius  of  utility  would  inevitably  be  impaired 
by  any  avoidable  and  undue  reliance  upon  relief  from  outside  sources. 
This  desirable  and  necessary  independence  of  a  man-of-war  demanded 
an  abihty  properly  and,  if  need  be,  finally  to  care  for  both  medical  and 
surgical  disabilities.  The  time  is  past  when  it  is  necessary  to  combat  the 
old  prejudice  that  on  a  vessel  of  war  all  should  be  sacrificed  to  the  exi- 
gencies of  battle.  Now  we  understand  that  there  are  other  exigencies 
equally  legitimate  which  can  be  very  well  reconciled  with  the  first,  and 
it  is  right  to  recognize  that  they  are  today  a  large  part.^® 

Provisions  for  the  Sick  and  Injured. — ^Thereal  ships  are  the  armored 
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cruisers  and  battleships,  and  it  is  to  these  that  we  will  limit  our  study  in 
regard  to  the  sick  quarters.  Old  ships  are  rarely  called  to  take  part; 
their  role  is  effaced,  like  the  smaller  ships,  which  need  not  be  considered/" 
Turning,  then,  to  the  most  modem  type  of  ship,  like  the  "  Louisiana''  or 
** Pennsylvania"  or  "Connecticut,''  we  find  a  relatively  commodious, 
admirably  equipped  emergency  hospital,  consisting  of  wards,  isolation 
room,  dispensary,  bath-room,  closet,  and  operating  room,  modem  in  all  its 
appointments.  All  the  indispensable  requisites  are  provided  and  placed 
in  a  manner  that  is  irreproachable  for  operation,  dressing,  and  all  medical 
care.  In  addition  to  modem  aseptic  furniture,  instmments  of  precision, 
laboratory  facilities,  an  elaborate  surgical  outfit  and  sterilizers,  not  to 
mention  an  abundant  store  of  dressings  and  other  material,  there  is  good 
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light  and  ventilation,  hot  and  cold  water,  ice,  etc.,  and,  above  all,  at- 
tendance by  trained  nurses  qualified  to  undertake  all  the  duties  of  their 
calhng. 

The  accompanying  illustrations  and  plans  clearly  depict  the  com- 
pleteness of  the  navy's  provision  for  sick  and  injured  at  sea. 

Technic. — When  operative  procedures  are  necessary  on  board  ship, 
there  is  but  one  thing  to  be  said:  that  the  surgeon  should  always  give 
preference  to  those  which  are  simple  and  of  easy  application  within  the 
needs  of  the  particular  case.  He  should  reject  any  procedure  which 
savors  of  innovation  and  which  has  not  fully  established  its  safety  and 
utility  among  standard  operations. 

In  time  past  there  were  very  essential  and  important  points  of  difference 
between  applied  surgery  ashore  and  afloat   as  expressed  in  the  then 
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unattainable  surgical  cleanliness,  which  relies  more  upon  asepsis  than 
antisepsis.  Then,  too,  poor  illumination  and  bad  ventilation  and  in- 
adequate assistance  and  nursing  were  unfavorable  to  the  efficient  con- 
duct of  an  operation  and  the  after  fair  progress  of  the  case.  But  today, 
with  the  exceptions  found  in  the  remnant  of  the  old  navy,  operations 
of  whatever  gravity  cannot  be  deferred  legitimately  on  the  ground  of 
insufficient  material  equipment  or  conditions  unfavorable^^  to  the  im- 
mediate purposes  of  the  operation  and  the  after-care  of  the  patient  during 
convalescence.  Indeed,  every  convenient  fitting  for  a  strict  compliance 
with  advanced  surgical  technic  is  provided,  and  "the  principles  which 
at  all  times  and  under  the  most  trying  conditions  should  guide  the  surgeon 


Fio.  609. — D1BPEN8ARY,  U.  S.  S.  "Connecticut." 

here  in  his  work  must  be  the  same  that  are  recognized  as  good  surgery 
by  the  profession  at  large  and  practised  in  all  civilized  hospitals  the  world 
over.^^  ^ 

As  has  been  said,  academically  speaking,  there  is  no  reason  under 
ordinary  conditions  on  board  ship  why  any  operation  should  not  be  per- 
formed with  equally  gratifying  and  happy  results  to  both  surgeon  and 
patient,  but  we  nevertheless  hold  that,  owing  to  possible  attending  cir- 
cumstances, such  as  rolling  at  sea,  coaling  ship,  saluting,  etc.,  no 
unnecessary  or  deferable  operation  of  a  major  character  should  be  under- 
taken, if  with  entire  justice  to  the  patient  he  can  be  sent  to  a  hospital.  In 
this  connection  it  may  be  further  said  that  each  case  of  serious  illness 
or  endangered  life  needlessly  retained  on  board,  through  its  mere  presence 
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cripples  by  just  so  much  the  efficiency  of  the  ship  and  has  a  very  real  and 
evident  depressing  influence  over  the  entire  personnel.  While  it  is  im- 
possible to  make  any  hard  and  fast  rule  as  to  what  shall  or  shall  not  be 
operated  upon  on  board  ship,  it  may  be  said  in  general  that  cases  of  surgical 
election  should  be  sent  ashore;  but  the  discrimination  between  the 
merely  desirable  and  the  imperative  must  be  more  or  less  arbitrary. 
Just  here  theory  often  fails  in  practice.  There  is  no  definite  line  of  de- 
marcation. Circumstances  will  ever  alter  the  case,  and  in  the  end 
decision  will  still  rest  upon  the  careful  judgment  of  the  individual  surgeon. 
Anesthesia. — ^The  question  of  anesthesia  is  much  discussed  in  naval 
medical  circles,  but  it  seems  no  more  fraught  with  danger  here  than 


Fxo.  510. — Operatinq-room,  U.  S.  S.  "Connbcticut,"  Showing  Complete  Equipment. 

elsewhere.  If  any  warning  is  needed  in  regard  to  the  administration  of 
general  anesthetics  on  board  ship,  it  is  that  every  precaution  must  be 
rigorously  observed,  overdosage  carefully  avoided,  and  every  possible 
untoward  development  anticipated;  but,  after  all,  this  should  be  super- 
fluous advice  to  any  efficient  anesthetizer.  It  is  well  to  make  provision 
against  the  emergency  need  for  an  abundant  supply  of  fresh  air,  by  an 
electric  fan  or  a  portable  canvas  conduit  leading  from  a  nearby  ventil- 
ating louver.  This  perhaps  expresses  the  only  unusual  provision  for 
such  an  accident  as  overdosing. 

It  would  seem  that  spinal  anesthesia,  where  applicable,  or  local 
anesthesia  should  have  a  particular  field  of  usefulness  in  naval  surgery, 
more  especially  during  or  after  engagements.     It  is  unnecessary  to  enu- 
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merate  their  many  theoretic  advantages  in  comparison  with  general 
anesthetics.  It  will  be  enough  to  present  the  few  which  apply  to  the 
circumstances  of  naval  practice  under  consideration.  These  appear 
to  be:" 

First,  the  immense  saving  of  time  and  attention  in  administration; 
second,  the  saving  in  operating  personnel  (dispensing  with  the  necessity 
of  an  anesthetizer) ;  third,  the  saving  in  number  of  attendants  for  in- 
dividual patients   (after  operation  the  patient  does  not  require  such 


Fio.  511. — Bath-room,  U.  S.  S.  "Connecticut." 


attention  as  after  general  anesthesia) ;  fourth,  saving  in  number  of  bearers 
(the  patient  being  frequently  able  to  assist  himself) ;  fifth,  their  employ- 
ment would  relieve  suffering  and  at  the  same  time  eliminate  the  inherent 
dangers  of  general  anesthetics  and  go  far  toward  preventing  nervous  shock. 


ORGANIZATION  OF  THE  MEDICAL  DEPARTMENT  AND  PREPARATION 

FOR  BATTLE- 

The  progress  noted  in  construction  and  ordnance  must  be  followed  by 
equal  development  in  the  medical  department.     In  the  navies  of  today 
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everybody  attends  with  keenness  and  avidity  to  the  advances  in  technic 
along  their  special  lines.  The  doctors  play  their  part  by  their  attention 
to  the  progress  in  medical  science  as  applied  to  naval  warfare,  and  by 
adjusting  their  organization  to  conform  to  the  changes  in  construction, 
armament,  and  service  conditions  generally,  as  expressed  in  the  probable 
effect  which  modem  maneuvers  and  gun  fire  may  have  in  inflicting  injury. 
More  and  more  conditions  demand  careful  and  detailed  anticipatory 
consideration  for  the  succor  of  the  wounded,  and  we  cannot  treat  as  a 
negligible  quantity  the  humane  part  of  the  naval  program;  viz.,  the 
organization  of  the  hospital  servdce  in  preparation  for  battle. 

A  naval  battle  is  a  very  formidable  affair — much  more  so  than  a  land 
fight,  and  very  different  from  it;  for  in  modem  times  it  is  entirely  de- 
pendent on  the  fire  and  destmctive  effect  of  heavy  ordnance,  on  ramming, 
or  on  the  discharge  of  fish-torpedoes,  by  which  a  whole  ship  may  suddenly 
be  destroyed  or  sunk,  even  when  it  is  simply  penetrated  by  shells  without 
exploding.  Small  arms  play  no  decisive  part.*  Everything  that  is  mov- 
able is  thrown  overboard;  but  there  remain  ship's  planks  and  stationary 
furniture,  etc.,  which  may  be  destroyed,  and  many  lives  are  lost  or  in- 
juries sustained  from  flying  splinters.^^  When  the  shells  explode,  fearful 
damage  results,  as  they  are  immediately  transformed  into  a  multitude 
of  missiles  of  greater  or  less  size  and  weight,  and,  as  a  mle,  form  zones 
of  such  destructive  energy  that  only  armor  of  some  inches  can  withstand 
them.*  Special  armor-piercing  shells  are  even  more  destructive,  and  the 
contest  for  supremacy  between  these  and  the  armor  which  covers  the 
flanks  of  ships  still  rages. 

The  Surgeon. — ^The  duties  of  the  naval  surgeon  in  the  intervals 
of  peace  must  hereafter  include  a  more  active  and  serious  preparation 
for  the  worst  that  can  be  inflicted  in  time  of  war  and  place  himself  and 
his  department  in  entire  readiness  to  assume  that  professional  respon- 
sibility which  the  Government  has  confided  to  him.  The  problems 
presented  as  to  the  care  of  the  wounded  in  action  were  never  so  imperative 
and  grave.*  Semper  'paraius  is  the  keynote  to  the  efficient  and  expeditious 
conduct  of  the  medical  service  in  those  supreme  moments  for  which  the 
navy  exists,  and  this  forms  an  important  part  of  the  surgeon's  responsi- 
bilities from  the  hour  he  joins  his  ship. 

Preparation  for  battle  does  not  consist  solely  in  the  general  arrange- 
ments for  the  wounded  on  board  ship.  Naval  surgeons  begin  to  prepare 
for  battle  in  the  Naval  Medical  School,  for  unless  they  be  professionally 
competent  and  well  instructed  in  the  peculiar  features  and  requirements 
of  their  chosen  field  of  practice  they  will  be  of  little  avail  to  the  wounded 
during  a  naval  engagement.  At  such  times  there  is  no  substitute  for  cool- 
ness and  sound  general  and  specialized  professional  knowledge."  In  this 
connection  it  is  to  be  remembered  that  every  consideration,  however 
slight,  which  makes  for  naval  prosperity  and  success,  is  of  importance, 
and  few,  perhaps,  more  than  that  which  tends  to  give  confidence  to  the 
combatants  in  the  assistance  which  awaits  them  should  they  be  wounded 
in  battle.    Seamen,  though  in  other  respects  so  inattentive  to  their  own 
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welfare,  in  no  small  degree  appreciate  the  merit  of  their  surgeon  on  such 
an  occasion." 

First-aid  Instruction. — In  further  pursuit  of  this  realized  need 
to  fortify  the  morale,  modem  first  aid,  that  great  boon  to  suffering 
humanity,  is  given  a  large  place  in  the  routine  drills,  and  it  serves  the 
additional  and  equally  important  necessity  of  offering  a  measure,  through 
the  aseptic  protection  of  wounds,  for  the  curtailment  of  disability  and  the 
conservation  of  Hfe.  Not  only  are  the  members  of  the  hospital  corps 
thoroughly  and  unceasingly  drilled  toward  perfection  in  emergency 
reUef,  but  the  officers  and  crew  of  every  ship  are  given  such  instruction 
in  first  aid — ^the  kinds  of  packages,  their  contents,  and  the  method  of 
application;  the  use  of  the  tourniquet;  and  the  various  modes  of  trans- 
portation, as  will  give  them  a  certain  sense  of  independence  and  helpful- 
ness in  the  presence  of  wounds. 

Statistical  Considerations. — In  the  intelligent  preparation  for  battle 
as  regards  arrangements  and  surgical  supplies,  the  probable  number 
of  wounded  is  to  be  taken  into  account,  as  thus  only  can  ample  pro- 
vision be  made.  This  element  of  consideration  must,  of  course,  alwa3rs 
remain  more  or  less  problematic,  as  there  can  be  no  method  of  exact 
calculation  to  determine  it.  A  vessel  may  bear  the  brunt  of  heavy  gun 
fire  for  a  few  moments  and  receive  appalling  punishment  while  others 
in  the  same  fleet  may  suffer  but  little;  hence,  casualties  vary  most  un- 
expectedly in  the  same  general  engagement.*  Since  the  Russo-Japanese 
war  more  definite  conclusions  in  this  direction  are  possible,  as  accurate 
data  concerning  naval  casualties  are  becoming  available.  Statistics 
show  casualties  ranging  from  one-fifth  to  one-third  of  the  ship's  company 
in  the  old  service,  though  it  is  fair  to  assume  that  the  latter  is  more  nearly 
correct.  In  future  naval  conflicts — ships  being  evenly  matched,  for  in- 
stance— the  personnel  will  not  be  considered  as  having  suffered  excessively 
if  one-third  are  killed  and  wounded.*  Be  that  as  it  may,  prudence  ex- 
acts that  the  surgical  service  be  established  on  such  a  basis,  and  it  would 
be  criminal  neglect  to  provide  for  less.  It  is  not  likely  that  this  number 
will  be  greatly  exceeded  except  in  such  disasters  as  the  *'Hatsuse"  or 
**Rurik"  and  others  suffered  in  the  Russo-Japanese  war,  in  which  case 
the  medical  service  is  effaced  as  it  was  in  the  old  days  of  maritime  warfare, 
when  boarding  and  hand-to-hand  fights  were  common. 

The  rate  per  cent,  of  killed  and  wounded  for  each  class,  under  the  heads 
of  officers,  seamen,  combatants,  and  non-combatants,  shows  that  surgeons 
and  medical  attendants  have  the  largest  rate;  next  officers  and  seamen, 
engineers  and  stokers  having  the  smallest  rate.  In  naval  battles  hostile 
shells  do  not  choose  any  one  place  for  striking  a  ship  above  water-line; 
those  standing  on  the  bridge  or  those  manning  an  open  battery  or  those 
working  on  a  lower  deck  run  equal  risk  of  being  stnick;  so  there  is  no 
reason  for  supposing  that  there  would  be  any  difference  in  the  number 
of  injuries  l)etween  combatants  and  non-combatants  as  long  as  they  are 
equally  engaged  in  their  duties  above  the  water-line.  On  the  other 
hand,  below  the  water-line  one  is  almost  always  safe  from  a  hostile  shell, 
though  this  is  not  absolute,  for  whole  shells  and  fragments  may  drop  into 


1028  NAVAL   SURGERY. 

the  bottom  of  a  ship.^'"*^  Of  course,  the  men  so  located  are  subject 
to  the  far-reaching  effects  of  interior  explosions,  and  are  in  the  greatest 
danger  from  the  destructive  effects  of  mines  and  torpedoes  and  indirect 
missiles,  such  as  broken  pieces  of  structure  and  splinters.*^ 

Posts  for  the  Wounded. — ^The  selection  of  dressing  stations  or 
surgeries  or  posts  for  the  wounded,  as  they  are  variously  called,  and  the 
accessory  or  relief  stations,  presents  a  serious  responsibility.  Needless 
to  say,  the  regular  sick  quarters,  owing  to  their  usual  situation  and  the 
fact  that  they  are  rarely  if  ever  protected  by  heavy  armor,  become  un- 
tenantable in  engagements  and  must  be  abandoned.  Indeed,  it  would 
be  difficult  to  find  an  available  space  for  the  establishment  of  a  dressing 
station  above  the  water-line  that  is  not  vulnerable,  for  nothing  but  the 
heaviest  armor  will  protect  against  the  largest  guns,  and  these  large  guns 
are  displacing  the  smaller  calibers  and  are  being  placed  in  pairs  and  pro- 
tected at  the  expense  of  the  rest  of  the  ship — all  but  the  \dtal  parts. 
The  tendency  in  naval  construction  has  created  an  apparently  irreconcil- 
able conflict  between  the  desirable  features  of  such  stations  and  the  im- 
deniable  demand  for  protection,  and  a  compromise  must  be  accepted 
by  practical  students  of  this  question.  It  is  important,  however,  that 
the  ideal  requirements  be  understood,  so  that  the  relative  value  of  each 
may  be  intelligently  weighed  in  seeking  to  adjust  the  principles  concerned 
to  the  complicating  changed  conditions. 

It  is  held  that  the  dressing  stations  should  be:  convenient  for  the  col- 
lection of  the  wounded  from  different  parts  of  the  ship;  accessible  for 
those  who  are  able  to  assist  themselves;  so  placed  that  they  will  be  least 
liable  to  be  disturbed  by  hostile  shells  and  with  further  reference  to 
commodiousness  of  deck  area,  air  space,  and  light.^^  It  is  manifest, 
from  an  investigation  of  present-day  ship  construction  and  with  the 
knowledge  that  all  compartment  communications  necessary  to  offensive 
operations  are  closed  as  a  defensive  safeguard,  that  the  several  needs  can- 
not be  combined  in  a  single  station,  as  in  the  days  of  the  old  wooden  ship, 
when  hatches  and  companionways  and  passageways  were  roomy  and  the 
decks  were  not  cut  up  or  encroached  upon,  and  as  was  lately  attempted 
by  striking  an  average  (more  or  less)  between  the  conflicting  requirements 
and  doing  the  best  possible  on  such  a  basis  to  establish  efficient  dressing 
stations.  The  result  of  this  experiment  was  disastrous  in  point  of  en- 
during efficiency.  Instances  in  recent  wars  prove  the  fallacy  of  the  con- 
tention which  sacrifices  a  vital  portion  of  each  element  and  is  satisfied 
with  a  composite  but  defective  whole,  and  it  is  now  recognized  as  abso- 
lutely ridiculous  to  establish  a  dressing  station  which  will  have  to  be 
deserted.  The  medical  service,  therefore,  must  divide  its  forces  and  estab- 
lish a  number  of  stations  under  increasing  degrees  of  protection — a  chain 
of  relays,  as  it  were,  from  points  near  the  scenes  of  fighting  activity  to 
locations  farthest  removed  from  the  danger  of  disturbance  or  destruction. 
Each  such  type  of  station  aims  to  meet  at  least  one  of  the  requirements, 
but,  taken  together  as  a  system,  the  ideal  whole  is  complete  and  the  closest 
approach  to  the  best  possibilities  of  the  medical  service  may  be  realized. 

Primary  Stations. — First,  one  first-class  or  primary  station  must  be 
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located  either  behind  the  heavy  armored  belt  or  below  the  water-line, 
preferably  the  latter,  though  in  lieu  of  opportunities  to  comply  with 
this  regulation,  it  is  to  be  remembered  that  masses  of  coal  have  been  found 
to  offer  relative  protection"  and  a  space  between  the  bunkers  could  be 
selected.  Due  regard  must  be  given  to  the  transportation  routes,  but 
where  this  consideration  does  not  encounter  insuperable  obstacles,  the 
insistent  demand  for  a  protected  locality  must  influence  the  choice  of  this 
station.  It  is  possible  that  such  a  primary  station,  with  artificial  ven- 
tilation and  electric  lights,  may  be  made  to  combine  all  of  the  desirable 
features  except  accessibility;  but,  as  its  particular  purpose  is  to  insure 
safety;  to  provide  facilities  for  the  care  of  the  few  gravely  wounded  who 
may  require  operation  as  a  life-saving  procedure;  and  to  guarantee,  as 
far  as  the  fortunes  of  naval  battles  permit,  a  well-equipped  place  where 
more  serious  work  may  be  carried  on  during  and  immediately  after  the 
battle  without  interruption  in  case  the  regular  sick  quarters  have  been 
demolished,  or  until  they  can  be  rehabilitated,  this  defect  is  sufficiently 
compensated  by  the  functions  of  the  secondary  and  relief  stations.  The 
future  may  bring  such  an  accommodation  as  this  primary  station  requires. 
With  the  growing  size  of  ships,  architects  may  give  some  heed  to  this 
demand  and  construct  a  compartment  in  some  protected  place,  with 
specially  arranged  means  of  communication,  for  this  specific  purpose. 
This  need  not  interfere  with  the  general  efficiency  of  the  ship,  but  could 
be  adapted  for  other  purposes,  such  as  a  store-room,  and  turned  over  to 
the  surgeon  only  in  the  event  of  war. 

Secondary  Stations. — Second,  two  secondary  stations  must  be 
located — one  forward  and  one  aft — in,  at  least,  a  partially  protected  place. 
Of  course,  the  more  protection  the  better,  but  in  choosing  these  stations 
equal  weight  must  be  given  to  the  question  of  accessibility,  their  purpose 
being  the  care  and  protection  of  those  seriously  wounded,  who,  for  one 
reason  or  another,  cannot  be  transported  to  the  principal  station  until 
there  is  a  pause  in  the  battle  or  it  has  come  to  an  end. 

Relief  Stations. — ^Third,  a  system  of  relief  stations  must  be  estab- 
lished, connected  with  and  as  outposts  of  each  secondary  station,  for  the 
purpose  of  gathering  in  the  wounded  at  opportune  moments,  rendering 
first  aid,  and  passing  them  on  to  more  competent  hands;  and  at  the  same 
time  capable  of  acting  independently  in  administering  simple  attention. 
These  stations  must  be  located  with  some  thought  of  protection,  if  possible, 
but  nothing  of  their  chief  purpose  should  be  sacrificed  to  that  consider- 
ation. Their  function  demands  that  they  be  placed  near  exposed  gun 
crews  and  in  parts  of  the  ship  where  accidents  are  likely  to  occur  and  where 
men  are  serving.  There  can  be  no  stipulation  as  to  their  number.  As 
many  as  possible  within  reason  are  desirable,  and  it  may  be  necessary 
to  establish  one  for  each  separate  compartment.  In  selecting  the  most 
useful  locations,  the  surgeon  must  take  into  account  the  limited  number 
of  assistants  at  his  disposal  and  bear  in  mind  that  commanding  officers 
will  carefully  safeguard  their  men,  by  ordering  those  not  actually  engaged 
to  keep  below  during  long-distance  fighting,  and  that  the  smaller  unpro- 
tected guns  would  only  be  manned  to  repulse  a  torpedo-boat  attack. 
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This  system  of  battle  stations  for  the  surgeon's  division  is  formulated 
with  particular  regard  to  the  newer  ships  and  the  present  tendency  in 
construction.  It,  however,  represents  a  principle,  and  the  old  ships  of 
the  navy  or  the  smaller  ones  built  for  special  service  must  adopt  the  system 
as  far  as  possible. 

Disposition,  Arrangements,  Supplies,  Etc. — In  war,  where  all 
is  uncertain  and  sudden,  nothing  that  can  possibly  be  foreseen  as 
necessary  in  the  surgeon's  arrangements  is  to  be  left  to  chance.  The 
importance  to  the  men  who  fall  in  battle  of  proper  organization,  faultless 
preparation  of  instruments  and  dressings,  etc.,  and  well-chosen  posts 
makes  it  a  subject  for  the  utmost  solicitude.  Though  the  army  can  and 
does  have  one  definite  scheme  or  organization  for  the  care  of  the  wounded, 
applicable  throughout  the  entire  service,  and  generally  under  all  circum- 
stances, this  seems  more  or  less  impossible  in  the  navy,  owing  to  the  vari- 
ation in  types  of  ships  and  the  more  limited  number  of  assistants  available, 
etc."  In  the  question  of  organization,  therefore,  each  ship  or  type  is  a  law 
unto  itself  and  must  be  specially  considered.  Fortunately  the  Govern- 
ment is  now  building  in  larger  classes,  so  that  we  can  more  nearly  approach 
the  comparative  simplicity  of  task  imposed  upon  the  army  medical  corps, 
in  that  a  scheme  carefully  worked  out  for  the  ''Vermont,"  for  instance, 
is  with  minor  changes  applicable  to  four  sister  ships.  There  are,  however, 
certain  well-defined  and  universally  conceded  principles  in  the  disposition 
of  the  naval  medical  department  which  must  and  do  guide  us  in  the  prep- 
aration for  battle  on  all  ships,  formulated  after  a  conscientious  study  of 
experiences  in  the  last  twelve  years,  beginning  with  the  Chinese-Japanese 
war  (1895).  There  is  diversity  of  opinion  in  this,  as  in  most  matters  of 
import,  which  at  first  thought  seems  to  complicate  the  problem  and  to 
embarrass  the  solution,  but  in  the  United  States  we  have  come  to  regard 
the  matter  as  settled  for  the  present,  at  least,  and  instructions,  embracing 
the  established  principles,  have  been  issued  ''for  the  guidance  of  the 
medical  corps""  and  for  the  information  of  the  service.  The  adaptation 
and  elaboration  of  this  working  plan  usually  devolves  upon  the  senior  sur- 
geon of  each  ship,  with  the  approval  and  assistance  of  the  commanding 
officer,  and  he  must  exercise  the  resources  of  his  own  judgment  for  such  ar- 
rangements before,  during,  and  after  battle,  as  he  may  think  will  abridge 
his  labors  and  conduce  to  the  perfection  of  the  aid  he  is  expected  promptly 
to  render  to  the  wounded.^* 

When  action  is  expected  and  all  hands  are  summoned  to  their  respec- 
tive quarters,  there  are  certain  well-determined  dispositions  and  final 
arrangements  which  fall  in  the  domain  of  the  surgeon  and  demand  his 
immediate  attention.  Experience  has  taught  much,  both  as  regards  ad- 
missible and  inadmissible  provisions,  but  still  to  a  certain  extent  laying  out 
a  definite  plan  in  trying  to  regulate  the  impracticable,^'  for  well-nigh 
insuperable  obstacles  are  inherent  conditions  of  naval  vessels  and  the 
succession  of  events  is  rapid  and  terrible  and  often  overwhelming.  Such 
are  the  desiderata  which  the  surgeon  must  bear  in  mind  and  in  the  presence 
of  which  he  must  prepare  his  department  and  fortify  his  mind  against  the 
inevitable  events  of  an  engagement  in  order  that  he  may  act  with  calm- 
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ness,  energy,  and  efficiency.  It  is  necessary  to  make  minute  specific 
provision  with  a  clearness  of  discernment  and  expedition  assured  by  re- 
peated drills,  and  to  satisfy  himself  that  the  disposition  made  will  respond 
to  the  necessities  of  the  trying  conditions  of  the  coming  emergency.*® 

Reviewing  the  points  for  consideration  at  this  important  time  we  find: 

The  Sick  and  Disabled. — ^These  must  be  moved  to  a  place  of  safety 
behind  the  armored  belt  or  below  the  water-line  where  their  presence 
will  not  interfere  with  the  operations  of  the  combating  force.  Those  who 
are  convalescent  but  not  well  enough  to  go  to  regular  posts  or  whose 
malady  is  not  an  impediment,  together  with  assigned  non-combatants, 
may  be  employed  in  rendering  useful  services  to  the  surgeon.*® 

Medical  and  Surgical  Supplies. — (a)  In  General, — Indispensable  sup- 
plies should  be  divided  among  the  dressing  stations  to  avoid  the  danger 
of  destruction  of  the  entire  equipment  and  of  being  thus  reduced  to  a  con- 
dition of  utter  helplessness.  This  policy  serves  the  additional  purpose 
of  economizing  time  for  those  engaged  in  the  succor  of  the  wounded  in 
various  widely  separated  parts  of  the  ship.  Hospital  material  is  to  be 
moved  to  the  designated  places  by  the  hospital  corps,  who  understand 
their  value  and  use,  because  it  is  vastly  important  that  all  articles  neces- 
sary to  a  completely  equipped  station  be  properly  distributed. 

(6)  Detailed  Outfit. — ^The  dressing  stations  must  be  outfitted  in  con- 
formity with  the  degree  of  relief  to  be  undertaken  during  battle;  and 
also,  with  a  foresight  of  the  probable  number  of  wounded  and  the  nature 
of  their  wounds,  and  all  arrangements  must  be  in  keeping  with  the  serious 
character  of  general  action.  Each  dressing  station  must  be  entirely  in- 
dependent in  this  respect,  as  far  as  available  special  instruments  will  per- 
mit. The  equipment  of  the  primary  dressing  station  must  be  the  most 
complete  and  all  valuable  supplies  in  excess  of  the  needs  of  the  other  sta- 
tions should  be  stored  and  safeguarded  there.  There  is,  of  course,  no  diffi- 
culty experienced  in  dividing  the  common  supplies,  such  as  dressings  and 
other  surgical  accessories,  and  such  medicines  as  would  be  used  in  emer- 
gency work.  The  usual  outfit  should  consist  of :  (a)  Anesthetics — chloro- 
form and  local  anesthetics;  (6)  hypodermic  provisions — including  s3Tinges, 
sterile  water,  and  drugs — whisky,  aromatic  spirits  of  ammonia,  digitalin, 
ergotin,strychinin,atropin,morphin,  and  adrenalin;  (c)  disinfectants  and 
appliances  for  cleansing — tincture  of  green  soap,  nail-brushes,  razors,  basins, 
trays,  two  liters  of  carbolic  solution  (5  per  cent.),  five  gallons  of  bichlorid 
of  mercury  (1  :  1000),  at  least  five  gallons  and  as  much  more  as  obtainable 
of  boiled  water,  a  large  quantity  of  normal  salt  solution,  Da\idson  rectal 
syringe,  irrigator  and  transfusion  needles,  and  a  large  quantity  of  J  per 
cent,  picric  acid  solution;  (d)  dressings,  sutures,  etc. — cotton,  plain  gauze, 
iodoform  gauze,  picric  acid  gauze,  lint,  towels,  sheets,  operating  gowns, 
gauze  and  muslin  bandages,  rubber  drainage-tubes,  tourniquets,  safety- 
pins,  assorted  sizes  of  silkworm-gut,  silk,  plain  and  chromicized  catgut, 
and  assorted  needles;  (e)  instruments:  all  instruments  are  to  be  laid 
out  for  quick  selection  and  the  most  commonly  used  are  to  be  ready 
sterilized;   (/)  accessories:  pus  basins,  buckets,  pitchers,  Kelly  pads,  etc. 

All  articles  above  enumerated  which  are  to  be  sterilized  must  be  ready 
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prepared  as  required.  Those  dressings  not  ready  for  use  as  supplied 
are  to  be  cut  and  packed  in  towels  and  sterilized  by  steam.  The  operating 
table  and  all  movable  and  necessary  operating-room  furniture  are  to  be 
transported  to  the  principal  battle  quarters.  For  the  secondary  dressing 
stations  other  operating  tables  must  be  improvised  by  the  ship^s  carpenter, 
though  generally  the  small  mess  tables  will  suffice  for  the  purpose.  In 
respect  to  other  required  furniture  at  these  stations,  similar  provision 
will  have  to  be  made.  No  glass  containers  should  be  used  here  except 
such,  perhaps,  as  are  surrounded  by  wickerwork.  Among  other  things 
in  clearing  the  ship  for  action,  inflammables  must  be  boxed  or  otherwise 
made  ready  to  throw  overboard  upon  the  order.  Lanterns  must  be  put 
in  order  and  matches  provided,  in  case  the  electric  circuit  fails,  also  swabs 
for  mopping  up  decks  and  a  sufficient  quantity  of  drinking-water. 

The  relief  stations  must  be  outfitted  with  mattresses,  first-aid  dressings, 
tourniquets,  stretchers,  and  life  preservers.  They  should  also  be  forti- 
fied with  hammock  rolls  and  the  bulkheads  may  be  covered  with  tarpaulin 
to  catch  fragments  and  splinters.  These  precautions  should  also  be 
employed  at  the  secondary  dressing  stations. 

Personnel — Surgeon's  Division. — ^This  will  include  medical  officers, 
hospital  stewards,  hospital  apprentices  (nurses),  and  others  of  the  crew 
assigned  to  assist  in  the  hospital  work. 

(a)  Senior  Surgeon. — If  there  are  two  or  more  surgeons,  the  senior 
will  take  his  position  at  the  principal  dressing  station  ready  to  receive  the 
serious  and  urgent  ones.  If  but  one,  this  dressing  station  will  still  be  his 
post,  and  from  there,  as  need  be,  orders  and  additional  supplies  may  be 
issued  to  his  staff  serving  at  such  other  stations  as  the  type  and  size  of  the 
ship  make  desirable.  It  is  well  for  the  senior  surgeon  to  keep  in  touch 
with  the  captain,  if  possible,  as  he  alone  can  determine  the  propitious 
moment  when  the  considerations  of  humanity  may  be  permitted  to  sup- 
plant consideration  of  the  naval  operations  which  always  take  precedence 
in  point  of  importance.**  In  this  connection  it  must  be  remembered 
that  the  business  of  every  one  on  such  occasions  as  we  are  now  antici- 
pating is  to  secure  the  greatest  efficiency  of  his  own  department  without 
trenching  on  that  of  others,"  and  thus  contribute,  not  only  actively 
but  passively,  to  the  achievement  of  the  hour. 

(b)  The  junior  surgeons  will  occupy  the  secondary  dressing  stations. 
If  there  is  only  one  junior,  he  will  alternate  between  these  stations,  work 
being  prepared  at  one  while  the  other  is  in  use.  If  unengaged,  he  will 
also  make  periodic  excursions  to  the  relay  of  relief  stations.  In  the  ab- 
sence of  a  junior  surgeon  this  duty  will  be  assumed  by  the  hospital  steward. 

(c)  The  fiospitcU  steward  will  be  attached,  with  the  senior  surgeon,  to  the 
principal  dressing  station,  and  act  with  this  post  as  a  center,  bearing 
orders  to  the  various  accessory  stations  and  giving  any  needed  relief 
to  those  wounded  who  come  under  his  observation.  During  the  interval 
he  will  assist  at  his  regular  station,  administering  anesthetics,  h)rpodermic 
injections,  applying  dressings,  and  in  other  ways  making  himself  generally 
useful.  In  the  absence  of  a  junior  surgeon  he  will  assume  his  duties  as  far 
as  his  knowledge  will  permit. 
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(d)  The  hospital  apprentices,  or  nurses,  will  be  detailed  according  to 
their  number — at  least  one  (preferably  two)  at  each  of  the  dressing 
stations,  to  sterilize  instruments,  to  prepare  solutions  and  dressings,  and 
apply  the  latter,  or  to  assist  in  any  operation.  If  there  are  a  sufficient 
number,  it  is  desirable  to  have  a  nurse  at  as  many  of  the  relief  stations 
as  there  are  nurses  available,  but  particularly,  as  far  as  can  be  foretold, 
at  the  one  most  likely  to  handle  the  greatest  number  of  the  wounded. 

(e)  The  non-combatants  assigned  to  the  surgeon's  division  are  to  be 
carefully  trained  in  giving  first  aid  to  the  wounded  and,  when  the  ship  is 
being  cleared  for  action,  the  men  so  assigned  report  to  the  medical  officer, 
who  details  them  to  ambulance  and  special  emergency  duties  at  the  relief 
stations,  giving  them  final  instructions  in  regard  to  their  duties.  These 
relief  station  crews  should  consist  of  four  men  each  and  have  no  other 
duties  to  perform;  but  in  case  the  complement  does  not  permit  of  this, 
they  should  be  drawn  from  the  stations  from  which  they  can  be  spared 
for  temporary  service.  In  no  case,  however,  where  it  is  possible  to  avoid 
it,  should  they  be  members  of  main  or  intermediate  battery  gun  crews, 
either  on  engaged  or  unengaged  sides.  They  will  usually  consist  of 
such  members  of  the  crew  as  musicians,  mess  attendants,  cooks,  etc. 

Finally  in  respect  to  the  personnel  of  the  medical  department,  the 
surgeon  ascertains  that  the  members  of  his  staff  know  their  stations  and 
clearly  understand  what  part  they  have  to  play,  so  that  there  may  be  no 
hampering  confusion  in  time  of  action. 

First-aid  Dressings. — (a)  The  Packets, — ^Everybody  is  familiar  with 
the  character  of  the  small  first-aid  packet  as  used  in  the  army,  but  in 
naval  warfare,  as  over  90  per  cent,  of  the  wounds  are  of  large  size,"*  their 
adequate  protection  demands  a  dressing  of  more  ample  dimensions. 
''Stokes'  shell  wound  packet"  was  planned  to  satisfy  the  first-aid  in- 
dications of  such  wounds.    They  are  made  as  follows: 

"A  piece  of  No.  16  galvanized  wire  gauze  is  shaped  into  a  parallelo- 
gram 8  inches  by  6;  4  feet  of  gauze  is  cut  off  the  roll,  is  folded  lengthwise, 
and  is  securely  stitched  to  one  8-inch  side  of  the  wire  form.  The  wire 
frame  is  filled  with  cotton  in  the  form  of  a  compress  and  the  gauze  is  folded 
over  it  and  is  stitched  to  the  frame  for  security.  The  remainder  of  the 
fold  of  gauze  still  attached  is  snugly  wound  about  the  rigid  compress. 
A  piece  of  unbleached  muslin  4  feet  long  and  9  inches  wide  is  then  stitched 
to  the  free  end  of  the  gauze  and  it,  too,  is  made  to  encircle  the  form.  Its 
free  end  is  nicked  with  the  scissors  at  several  points  so  that  the  whole 
dressing  may  be  easily  secured  by  splitting  and  tying  the  muslin.  Three 
safety-pins  fix  the  muslin  at  the  sides  and  ends."  This  dressing  can  be 
made  on  board  ship,  sterilized  there,  and  is  to  be  prepared  in  quantities 
only  when  likely  to  be  needed  in  actual  warfare. 

(b)  Distribution. — First-aid  dressings  are  very  important  for  emer- 
gency use,  should  a  relief  station  crew  fail  for  any  reason  to  visit  the  divi- 
sion suffering  injury,  and  where,  as  in  modern  battleships,  the  injured 
are  often  isolated  and  dependent  upon  their  own  or  a  shipmate's  ability 
to  relieve.  Every  man  is  to  l)e  provided  with  an  individual  packet  to  be 
attached  to  his  person  at  some  uniform  place,  and,  in  addition,  canvas 
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bags  containing  an  abundant  supply  of  these  packets,  particularly  for 
shell-wounds/*  are  hung  on  a  stanchion  or  bulkhead  behind  each  exposed 
gun  and  in  the  casemates.  The  turret  will  be  equipp)ed  amply  with  first- 
aid  provisions  and  the  turret  crew  will  attend  to  their  own  wounded,  laying 
them  aside  where  they  will  not  hamper  the  operation  of  the  big  guns. 
It  may  be  possible  for  members  of  the  surgeon^s  division  to  reach  this  part 
of  the  ship  and  succor  the  wounded  during  action;  but  against  the  fact 
that  such  visits  might  prove  impracticable,  the  turret  crews  must  be  given 


Fio.  612. — ^The  Upper  Portion  op  the  Illustration  Shows  the  Shell-wound  Dressing  Be- 
ing Applied,  also  Same  Completed.  The  Lower  Portion  or  the  Illustration  Shows 
the  Contents  of  a  First-aid  Package. 

special  training  in  first-aid  methods.  Indeed,  the  practical  and  careful 
education  of  the  whole  body  of  officers  and  enlisted  men  is  essential  to 
future  progress  in  the  treatment  of  wounds."^ 

Clothing. — In  entering  upon  an  engagement,  time  permitting,  the 
whole  ship's  company,  particularly  those  above  the  water-line  and  in 
exposed  parts  of  the  ship,  should  bathe  and  shift  into  clean  underwear 
and  overgarments  (as  few  as  needed),  with  a  view  to  minimizing  the 
chance  of  that  serious  infection  which  has  in  the  past  been  a  prominent 
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characteristic  of  all  shell-wounds,  owing  largely  to  the  sweat  of  unclean 
skin  and  to  soiled  clothing  which  is  carried  to  greater  or  less  depth  in  the 
wound  by  the  injuring  missile.  This  precaution  might  well  be  carried 
a  step  further,  and  a  set  of  underwear  for  each  man,  done  up  in  a  little 
bundle,  labeled  and  sterilized  and  stowed  away  ready  for  issue  at  the  re- 
quired time.  Thus  the  desired  aseptic  undergarments  for  each  man  would 
be  assured  and  could  be  expeditiously  distributed  by  divisions  and  name. 
This  idea  comes  from  the  Japanese,  who  suggest,  also,  that  each  gun's 
crew  be  provided  with  a  bucket  of  boric  acid  solution  for  laving  their 
eyes  when  temporarily  blinded  by  smoke  and  powder-dust.  Pneumatic 
or  rubber-soled  shoes  for  those  serving  in  the  vicinity  of  guns  are  recom- 
mended with  a  view  to  diminishing  the  upward  vibration  and  lessening 
the  violence  of  shocks. 

Protection  of  the  Ears. — ^The  imminent  danger  of  that  serious  yet 
in  a  measure  preventable  accident,  rupture  of  the  tympanic  membrane, 
demands  prophylactic  consideration  in  preparation  for  battle,  and  every 
man  should  be  compelled  to  place  a  pledget  of  cotton  or  its  equivalent  in 
each  ear.  The  necessity  of  compulsion  in  a  matter  so  rational  may  be 
a  surprise  to  some,  but  the  advice  is  no  mere  waste  of  words.  *' Neither 
officers  nor  men  take  kindly  to  the  use  of  artificial  means, 
— cotton,  wool,  etc., — although  the  practice  is  more  uni-       /?  _ 

versal  than  it  was  a  few  years  ago.  The  discomfort  LS^^ttttt^Iv^I 
caused  by  the  presence  of  a  foreign  body  in  the  ear,  l/^  \^^ 
added  to  the  dullness  of  hearing  produced  (a  serious  VA  /^l^. 
condition  where  orders  of  command  are  of  vital  impor-  ^^^^^^^^  ®  ft 
tance),  are  the  chief  reasons  for  this,  and  the  sailor  con-  ^^^^^^ 
siders  it  too  effeminate.  ""*  The  cotton  should  be  loosely  ^^^^'^ 
packed  so  that  it  will  not  touch  the  tympanum,  and  as  ^  EfR^ii^vic".*^ 
an  additional  precaution,  the  mouth  may  be  kept  slightly 
open  for  the  purpose  of  equalizing  the  pressure  on  the  drum.  These 
expedients  somewhat  lessen  the  likelihood  of  rupture  and  traumatic 
myringitis  caused  by  the  impact  of  suddenly  compressed  air  or  re- 
peated violent  air  vibrations,  but  the  open  mouth  access  to  the  Eusta- 
chian passage  **must  tend  to  intensify  air  concussions  on  the  foramen 
ovale,  and  therefore  increase  the  agitation  of  the  fluid  in  the  labyrinth."^* 
Elliott  has  advanced  a  pace  in  prophylaxis  along  this  line  and  has 
shown  ingenuity  by  the  invention  of  a  little  device  which  is  an  excel- 
lent substitute  for  cotton,  and  in  several  respects  is  superior  to  it.  It 
consists  of  a  small,  tortuously  perforated  celluloid  ball  and  wing,  the 
former  fitting  snugly  into  the  auditory  orifice  and  being  firmly  held  in 
place  by  the  latter,  which  presses  back  against  the  auricle.  Ite  particular 
merit  lies  in  the  fact  that  while  the  voice  is  distinctly  heard,  the  shock 
to  the  ear  is  reduced  below  the  danger-point.  Cheatle,  of  England,  be- 
lieves that  he  has  found  the  material  which  will  accomplish  the  dual 
purpose  of  preventing  deafness  and  enabling  a  man  to  hear  orders  given. 
It  is  a  mixture  of  animal  wool  and  modeling  clay,  is  easily  worked  into 
the  ear  and  easily  removed,  and  being  plastic,  fits  the  aural  passages  of  ears 
of  different  shapes  and  sizes. 
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Conclusions. — ^The  last  duty  of  the  medical  officer  in  the  time  between 
the  call  to  quarters  and  the  time  the  action  actually  begins  is  to  make 
a  final  inspection  of  his  dispositions  and  arrangements,  to  assure  himself 
that  every  provision  is  in  place  and  nothing  forgotten.  A  buoyant, 
encouraging  demeanor,  no  matter  what  his  fears  may  be,  and  an  occasional 
well-directed  cheering  word,  are  also,  in  a  moral  sense,  a  part  of  his  duty 
in  this  preliminary  stage  and  during  active  hostilities  as  well. 
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During  battle  the  efficiency  or  inadequacy  of  these  arrangements  will 
develop,  but  it  must  be  remembered,  in  judging  the  results  in  any  partic- 
ular case,  that  the  brevity  of  engagements  between  large  ships  and  the 
rapid  succession  of  events  in  modem  naval  warfare,  coupled  with  the  com- 
plex construction  of  ships,  will  severely  try  any  hospital  organization, 
no  matter  how  perfectly  conceived,  practicable,  and  thoroughly  drilled  it 
may  be. 

''It  is  a  naval  maxim  that  the  greatest  possible  weight  and  rapidity 
of  fire  in  the  minimum  of  time  win  battles,  and,  when  once  the  enemy  has 
the  correct  range,  the  amount  of  shot  and  shell  that  it  can  throw  into  an 
opposing  ship  is  so  appallingly  great  that  there  will  be  no  time  for  think- 
ing out  new  problems."* 

Personnel. — ^The  conduct  of  the  surgeon  and  his  staff  under  these 
conditions  must  conform  with  the  principles  which  experience  has  dic- 
tated as  wise  and  most  calculated  in  the  end  to  subserve  the  best  interests 
of  humanity  and  the  business  in  hand. 

The  life  of  at  least  one  of  the  surgeons  must  be  absolutely  safeguarded 
against  the  time  when  his  services  will  be  most  urgently  needed,  and  the 
other  officers  and  the  hospital  corps  must  avoid  exposing  themselves  un- 
necessarily. This  dictum  expresses  a  consideration — not  of  person  but 
of  principle,  as  the  hospital  staff  cannot  be  replaced  on  board  ship  and  its 
most  important  duties  are  performed  when  the  action  is  over.  Excessive 
zeal  is  not  in  conformity  with  this  rule,  and  is  entirely  out  of  place  in  the 
conduct  of  the  medical  personnel.  They  must  be  indefatigable  and  active, 
but  exercise  the  courage  of  prudence  instead  of  recklessness.  It  must 
be  said  that  this  required  position  is  not  a  comfortable  one,  as  there  is 
nothing  so  disturbing  or  threatening  to  the  morale  as  an  unseen  danger, 
but  the  after-battle  needs  are  for  a  whole  surgeon,  ready  to  perform  his 
full  legitimate  duties,  and  not  a  wounded,  disabled  hero.  Most  of  the 
surgeon's  work  of  relief  will  come  at  this  time. 

Scope  of  Relief. — During  the  bustle  and  excitement  of  action, 
unfortunately,  circumstances  force  the  surgeon  to  sacrifice  his  professional 
conscience  and  do  comparatively  little;  while  to  his  shipmates  he  may 
seem  to  be  neglecting  his  plain  duty,  though  in  reality  he  is  acting  accord- 
ing to  approved  judgment.  His  principal  object  should  be  to  stop  hemor- 
rhages, to  quickly  dress  wounds  not  seeming  to  require  more  extensive 
immediate  attention,  and  to  perform  operations  of  an  urgent  nature  only. 
If  possible,  therefore,  he  should  content  himself  with  endeavors  to  save 
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life  until  he  is  less  hurried  and  harassed  by  the  scene  of  suffering  and 
bloodshed  as  the  wounded  are  crowded  upon  him,  and  by  the  smoke  and 
din  and  uproar  which  surround  him.  He  may,  however,  find  opportunity 
to  administer  appropriate  medicinal  agents,  to  wash  wounds  and  disinfect 
the  surrounding  skin,  hurriedly  to  set  fractures  and  apply  temporary 
splints,  to  assort  the  wounded  and  prepare  them  for  transportation,  and, 
in  general,  take  pains  for  their  coinfort  and  protection  from  further  in- 
jury. If  foreign  bodies  or  extraneous  matter  are  seen  without  the  neces- 
sity of  exploring  the  wound,  they  should  be  quickly  removed  before  dress- 
ing; but  if  they  are  not  plainly  in  sight  or  there  would  be  any  difficulty 
in  their  removal  it  will  generally  be  better  to  defer  their  removal  until 
a  calmer  interval.  Attention  to  slight  injuries,  such  as  involve  no  danger, 
may  be  deferred  in  favor  of  those  cases  which  are  serious;  on  the  other 
hand,  the  unwisdom  of  engaging  in  a  serious  or  lengthy  operation  at  this 
time  is  apparent.  It  should  not  be  dreamed  of,  and  any  transgression  of 
this  rule  would  be  the  greatest  imprudence  and  injustice.  Furthermore, 
even  if  all  other  circumstances  were  favorable,  prolonged  chloroform  anes- 
thesia would  be  hazardous,  and  ether  is  condemned  as  an  inflammable. 

Above  all,  the  surgeons  should  place  the  gravely  wounded  in  a  location 
where  they  can  keep  their  eyes  on  them  and  exercise  an  active  surveillance 
against  any  sudden  and  alarming  change  in  their  condition.  Each  case 
cared  for  should  be  immediately  tagged  to  save  duplication  of  dosing  and 
unnecessary  handling  of  wounds,  and  careful  though  brief  notes  should 
be  made  at  the  time  to  insure  accuracy  of  the  official  report. 

While  the  foregoing  may  be  said  to  limit  the  surgeon's  admissible 
cares  and  intervention  during  battle,  it  is  probable  that  intermissions  will 
occur  and  give  opportunity  for  further  and  more  important  work  on  the 
cases  he  had  put  aside  as  of  secondary  concern  or  too  complicated  to  under- 
take at  once. 

Hemorrhage  is  undoubtedly  the  most  alarming  and  urgent  symptom 
presented  to  the  surgeon  during  battle.*  A  general  or  superficial  oozing 
of  blood  from  a  wounded  surface  may  not  be  immediately  pressing  in  the 
face  of  other  more  urgent  injuries,  but  bleeding  from  a  wounded  artery 
will  at  once  demand  aid,  and  where  the  bleeding  is  profuse,  ever3rthing 
must  be  set  aside  until  the  vessel  is  secured. 

Immediate  amputation  may  be  necessary  when  a  limb  is  shattered 
so  high  that  a  tourniquet  cannot  well  be  retained;  but  in  facing  a  surgical 
question  of  this  nature,  the  dictates  of  conservatism  must  be  given  due 
regard  and  should  guide  in  the  decision  as  to  proper  action.  Penetrating 
wounds  of  the  abdomen  and  thorax  should  be  regarded  as  urgent,  though 
it  may  be  impossible  to  do  more  than  temporize  in  these  cases,'*  so  com- 
plicated is  their  thorough  management.  Fracture  of  the  cranium  with 
pressure  symptoms  will  require  immediate  attention,  to  the  extent  ad- 
missible within  the  circumstances.  In  this  the  elevator  will  be  found  of 
greatest  value,  as  the  more  delicate  manipulation  of  the  trephine  may 
have  to  be  deferred  until  after  action.  In  case  of  fatal  injury,  something 
may  be  done  to  palliate  the  condition  of  the  dying  man  by  means  of 
position,  opiates,  or  stimulants. 
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Disposition  of  the  Wounded. — ^That  the  medical  staff  can  gather 
in  many  of  the  wounded  during  battle,  and  often  have  done  so,  are  facts 
which  do  not  enter  into  this  didactic  consideration.  There  is,  and  can  be, 
no  regulation  in  the  premises.  The  surgeon  must  be  relied  upon  to 
exercise  quick  and  good  judgment  in  those  unforseeable  events  against 
which  no  provision  can  be  made,  and  which  make  each  battle  a  law  unto 
itself.  The  time  of  battle,  type  of  ship,  and  attending  circumstances 
must  ultimately  guide  in  reaching  any  decision  as  to  the  conduct  of  the 
medical  personnel. 

A  junior  surgeon  or  a  hospital  steward  making  periodic  trips  to  the 

various    relief    stations    will    inspect    the 
wounded  personally  and  ascertain  that  they 
are  receiving  needed  attention,  giving  addi- 
tional relief  himself  whenever  it  seems  desir- 
able.   At  these  visits  also  he  will  examine 
the  wounded  critically  and  return  them  to 
^^^     duty  or  send  them  to  one  of  the  dressing 
^^         i        I  A    ^^^1     stations  for  further  attention  according  to 
V        /         1%    ^^^^    the  extent  of  the  injuries.    Those  not  able 
H  *         ^^H    to  return  to  their  posts,  but  who  are  doing 

^      I  \       ^^1    satisfactorily  under  first-aid  dressings,  will 

be  made  as  comfortable  as  possible  out  of 
the  way  at  the  relief  stations.  It  is  often 
possible  to  determine  at  a  glance  whether 
the  wounds  are  likely  to  become  the  subject 
of  early  operation  or  admit  of  delay  and  a 
more  deliberate  examination;  this  faciUtates 
the  disposal  of  the  wounded  and  secures 
attention  where  needed  and  at  the  proper 
time  without  any  misdirection  of  energy  or 
lost  opportunity.  Besides,  the  welcome  as- 
surance that  can  be  given  to  a  sufferer  that 
his  wounds  are  not  of  a  serious  character 
or  attended  with  danger  tranquillizes  his 
mind  and  becomes  a  veritable  nerve  stimu- 
lant. A  well-stocked  medical  department 
haversack  (large  size)  will  be  the  portable 
equipment  for  these  visits,  which  must  be 
accomplished  with  the  greatest  expedition 
consistent  with  due  thoroughness.  This 
system  of  rounds  is  also  the  means  of  reproviding  the  relief  stations  from 
the  primary  or  secondary  post. 

The  ambulance  parties  or  relief  station  crews  are  constantly  to  visit 
the  various  accessible  parts  of  the  ship  in  their  vicinity  where  wounded 
men  are  likely  to  be  found,  as  at  the  guns,  and  when  possible,  remove 
them  to  the  relief  stations.  In  these  searches  they  will  always  carry  a 
haversack  of  first-aid  dressings,  and  they  will,  if  possible,  administer 
first  aid  before  attempting  the  traject.    The  wounded  who  are  able  to 


Fig.  514. — Naval  Hospital  Corps 
Pouch,  Large  and  Small. 
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walk  will  proceed  to  the  nearest  relief  or  dressing  station,  and  others, 
according  to  the  phase  of  the  combat,  will  be  transported  to  the  most 
available  shelter,  there  to  remain  until  a  lull  in  or  the  end  of  the  fight. 
This  traject  will  be  performed  by  fellow-combatants  or  the  relief  station 
crews;  and  it  is  to  be  remembered,  in  regard  to  this  disposal  of  the  wounded, 
that  the  unengaged  side  is  more  dangerous  than  the  firing  side — that  is, 
the  one  exposed  to  the  enemy — as  the  fragments  of  bursting  shells  are 
dispersed  in  a  radiating  manner.^  Moreover,  as  an  additional  precaution 
against  further  injury,  any  considerable  grouping  of  the  wounded  must 


Fio.  616. — Contents  Hospital  Corps  Pouch,  Large. 


not  be  practised,  even  though  space  allows,  except  where  protection  is 
afforded  by  heavy  armor.*  In  isolated  compartments  it  is  probable  that 
the  gun  crews  will  have  to  apply  first-aid  dressings  and  lay  their  wounded 
aside  as  the  only  possible  disposition,  and  with  that  limited  resource  in 
view,  each  such  compartment  may  be  provided  with  a  few  mattresses, 
if  they  will  not  occupy  space  needed  for  battle  purposes. 

It  would  seem  a  matter  of  ordinary  humanity  that  the  wounded  should 
be  removed  to  a  place  of  safety  from  further  injury;  yet,  at  the  risk  of 
contradiction,  one  cannot  afford  to  lose  sight  of  the  character  of  naval 
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battles  in  modem  times  and  the  obstructing  wreckage  on  the  decks  which 
may  result  from  the  storm  of  projectiles,  bringing  those  engaged  in  relief 
work  face  to  face  with  the  necessity  of  leaving  the  wounded  men  where 
they  fall  and  attending  them  there  by  first-aid  methods.  Even  such 
meager  attention  is  sometimes  impossible.  This  applies  particularly 
to  the  defeated  ship.*  Experience  in  the  Chinese-Japanese,  Spanish- 
American,  and  Russo-Japanese  wars  may  be  taken  as  conclusively  demon- 
strating the  probability  of  periods  of  such  enforced  inactivity  on  the  part 
of  the  surgeon's  division.    Indeed,  this  is  frequently  stated  aa  a  principle. 


Fia.  516. — Contents  Hospital  Corps  Pouch,  Small. 

but  it  is  deemed  inadvisable  to  make  a  hard  and  fast  regulation  of  this 
sort,  as  it  would  be  most  detrimental  to  the  moral  fighting  trim  of  the 
men  on  the  one  hand,  and  on  the  other,  would  interfere  with  that  desir- 
able free-play  of  discretion  which  must  be  confided  to  the  surgeon. 

In  further  refercnce  to  the  disposal  of  the  wounded,  however,  it  can 
be  stated  as  a  principle  that  they  should  not  be  allowed  to  lie  around, 
with  due  considerations  for  all  the  requirements  of  the  hour,  if  this  un- 
desirable state  can  l)e  avoided.  They  should  be  cleared  away  for  three 
reasons:   First,  humane;  second,  militar}%  so  that  they  shall  not  encum- 
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ber  the  vicinity  of  the  guns  or  other  space  being  employed  for  offensive 
purposes,  and  actually  hamper  the  work  of  the  combatants;  third, 
moral,  so  that  depressing  influences  which  they  might  exert  by  their 
presence  may  be  prevented.  These  three  considerations  apply  with  in- 
creasing force  to:  the  seriously  wounded,  the  hopelessly  wounded,  and 
the  dead.  The  dead  are  to  be  thrown  overboard,  as  during  a  sharp 
action  they  are  but  an  incumbrance,  and  the  sooner  they  are  disposed  of 
the  better.  This  is  one  of  the  grim  actualities  of  war."  Of  course,  the 
danger  of  leaving  the  wounded  behind,  as  in  land  operations,  does  not 
have  to  be  considered,  all  sharing  in  common  the  fame  and  fortune  of  the 
ship.*  But  there  are  enough  problems  without  that  to  embarrass  the 
surgeon.    Fortunately  there  occur  in  all  naval  conflicts  pauses  due  to 


Fig.  617. — ^Wreckage  on  Upper  Deck  of  "Orel,"  from  Storm  of  Explosive  Missiles  (Battle 
OF  Japan  Sea,  May  30,  1004).     Showing  Difficulty  of  Giving  First  Aid  to  Wounded. 

tactical  maneuvers,  and  during  these  cessations  of  fire,  which  should 
be  eagerly  watched  for,  the  surgeon  may  hope  to  remove  and  relieve  the 
wounded  to  some  extent,  the  surgeons  and  members  of  the  hospital  corps 
and  stretcher-bearers  busying  themselves  clearing  the  gun  positions  of 
disabled  men  and  carrying  them  below  to  the  dressing  stations  or  to 
positions  of  safety.  Regardless  of  these  lulls,  however,  there  may  be 
calls  for  assistance,  whenever  the  wounded  fall  in  great  numbers  in  any 
locality,  and  the  surgeon's  division,  particularly  those  at  the  relief  stations, 
must  be  on  the  alert  to  catch  the  signals  and  cries  for  help  above  the 
deafening  roar  of  the  guns.  At  these  times  the  relief  station  crews  must 
hurry  to  the  indicated  locality  and  work  with  great  alacrity  in  their 
search  for  and  the  succor  of  the  wounded.*^* 

Transportation. — ^The  question  of  transportation  methods  during 
VOL.  rv — 66 
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the  turmoil  and  confusion  of  battle  has  not  yet  been  satisfactorily  solved, 
except  so  far  as  it  conforms  to  the  consensus  of  opinion  that  no  one  form 
of  stretcher,  however  ingeniously  made,  is  suitable  on  board  ship  at  this 
trying  time.  Broadly  speaking,  the  modes  of  canying  the  wounded 
must  be  various,  as  the  size  of  the  ship  varies  and  as  the  hatches,  ladders, 
and  passages  and  general  construction  favor  one  or  the  other.  On  battle- 
ships and  first-class  cruisers  some  efficient  form  of  stretcher  might  be  used 
to  advantage  if  the  bearers  were  thoroughly  instructed  and  could  be  relied 
upon  to  handle  them  quickly.*"  But  in  the  end,  when  all  has  been  said 
touching  upon  the  employment  of  stretchers  in  time  of  battle,  we  look 
to  the  lessons  of  actual  experience  for  truth,  and  these  seem  to  demon- 
strate their  complete  ineffectiveness.    The  numerous  stretchers,  slings, 


FiQ.  618. — Wreckage  on  Boat-deck  of  "Orel,"  from  Storm  of  Explosive  Missiles  (Battle 
OF  Japan  Sea,  May  30,  1904).     Showing  Difficulty  of  Giving  First  Aid  to  Wounded. 

jackets,  chairs,  and  inclined  planes,  etc.,  devised  and  which  have  been 
tested  and  proved  in  peace  times,  when  all  conditions  are  favorable, 
fail  miserably  when  called  upon  under  conditions  of  stress.  The  heat 
and  hurry  and  disorder  of  fierce  engagements  make  their  use  impracticable 
and  the  comparative  brevity  of  the  engagements  make  it  decidedly  un- 
economic of  time,  if  not  actually  dangerous,  to  adhere  to  stereotyped 
methods  of  transportation.  In  default  of  these,  the  exigencies  of  the 
moment  demand  improvisations,  but  it  is  greatly  doubted  that  any 
systematic  attempt  at  transportation  should  be  undertaken,  and  what 
little  transportation  is  done  to  places  of  refuge  and  relief  away  from  the 
tumult  of  guns  must  be  accomplished  by  methods  of  hand  carriage — 
one,  two,  or  more  bearers.*  In  the  furious  battle  of  the  Yalu  (1894-95) 
the  Japanese  discarded  stretchers  early  in  the  day,  the  wounded  being 
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carried  below  or  to  places  of  safety  by  shipmates,  who  took  them  pick-a- 
back or  as  circumstances  indicated  to  be  the  most  convenient  and  com- 
fortable. The  method  of  hand  carriage,  and  that  alone,  will  secure  the 
expedition  so  desirable  and  necessary.  But  even  this  expedfent  is  un- 
certain. There  is  no  fixed  personnel  for  the  service,  and  bearers  become 
more  and  more  scarce  in  direct  proportion  as  battles  reach  their  height 
and  the  able-bodied  men  find  their  greatest  need  at  the  guns  and  in  the 
fighting  parts  of  the  ship.* 

The  wounded,  therefore,  must  in  the  main  lie  where  they  fall,  as 
previously  stated,  and  accumulate  until  there  is  either  a  summons  for 
general  relief  or  an  abatement  of  operations,  which  give  the  surgeon's 
division  an  opportunity,  or  an  end  of  the  engagement.  In  some  instances 
the  mortality  has  been  so  high  that  the  ship  was  obhged  to  withdraw 
from  action  and  adjust  herself  to  a  diminished  crew  and  to  clear  her 
decks  of  the  encumbering  wounded  and  dead. 

The  question  of  transportation  after  battle  is  an  entirely  different 
matter  and  will  be  discussed  in  its  proper  place. 


SURGICAL  CONDITIONS  OF  NAVAL  WARFARE." 
General   Considerations. — Projectiles    rarely   follow   a  rectilinear 

course,  and  there  is  frequently 

great  doubt  and  perplexity  as 

to  the  nature  and  direction  of 

wounds  on  board  ship  from  the 

variety  of  the  bodies  that  are 

either   directly   projected   from 

the  guns  or  put  in  motion  by 

the  shells  striking  them,  or  from 

the  fact  that  these  are  diverted 

in  their  course  by  the  innumer- 
able more  or  less  resisting  and 

deflecting  obstacles.^* 

Nature  of  Wounds. — It  is 

out  of   the    question   minutely 

to  describe  all  the  multiplicity 

of  slight  exfoliations,  contused 

wounds,  and  burns;  these  must 

be  omitted.    They  are  the  usual 

accompaniments   of   the   larger 

and    principal    wounds,    which 

latter   have    a   wide    range   of 

variation,  from  the  minuteness 

of  a  pea,  such  as  are  inflicted 

by  small-caliber  bullets,  to  the 

mutilation  of  the  whole   body. 

Within  these  extremes  of  degree  wounds  may  be  of  any  nature,  including 

deep  contusions,  with  visceral  or  bone  involvement,  blind  wounds,  penetrat- 


Fio. 


619. — BrRNft    OF    THE    Right    Shoulder, 
Forearm,  and  Right  Buttock. 
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5ng  wounds,  and  lacerated  wounds  of  greater  or  less  extent,  with  loss  of 
tissue.  Some  are  accompanied  by  fracture  or  dislocation,  or  both  may  be 
present;  limbs  and  other  parts  of  bodies  are  torn  away;  bones  protrude 
through  the  flesh;  and  the  soft  parts  deep  down  into  the  muscles  are  clipped 
out  clean  by  shell  fragments.^  Indeed,  a  grave  complexity  of  wounds,  all 
simultaneously  received,  is  riot  uncommon,  and  along  with  this  frightful 
mutilation  and  laceration  there  is  burning  and  charring  of  greater  or  less 
extent,  due  to  the  fact  that  the  checked  force  of  impact  and  bursting  pro- 
duces a  dull  red  heat  in  the  fragments  of  shells."  Structures  of  the  most 
vital  importance,  such  as  vessels  and  nerves,  narrowly  escape,  if  they  are 
not  actually  frequently  involved,  and  all  these  complications  illustrate  the 

concomitance  of  the  composite 
injuring  elements  in  exploding 
shells.  Indeed,  no  language  can 
portray  the  infinite  variety  and 
horrible  gravity  of  the  wounds  of 
naval  warfare.  The  small-caliber 
bullet  inflicts  wounds  which  per 
se  are  more  often  aseptic  than 
septic,  and,  furthermore,  it 
seldom  carries  with  it  into  the 
tissues  clothing  or  other  infected 
material.  In  these  respects  the 
army  has  distinct  advantage  over 
the  navy,  as  most  of  our  wounded 
suffer  the  larger,  almost  invari- 
ably infected  wounds  of  shell 
fragments  and  other  irregular 
missiles  .^^ 

Cause  of  Wounds. — Ord- 
nance is  tending  to  fight  at  longer 
and  longer  ranges,  and  in  time 
there  will  be  very  little  use  for 
smaller  caliber  rapid-fire  guns 
in  a  sea-fight  between  modem 
battleships.  This  change  is  in 
part  attributable  to  the  perfecting  of  torpedoes  and  the  increased  range 
of  their  effectiveness.  The  larger  calibers  have  tremendous  penetrating 
power  and  are  being  exercised  with  a  rapidity  and  almost  automatic 
regularity  of  fire,  precision  of  aim,  and  accuracy  of  range,  which  guarantee 
the  maximum  destruction  and  create  the  most  serious  possibilities,  nay, 
probabilities,  as  to  the  number  of  wounded.  Furthermore,  the  shells 
are  charged  with  modem  high  explosives,  which  upon  exploding  scatter 
a  multitude  of  irregular  fragments  varying  in  number  from  twenty  to 
fifty  pieces^  and  form  a  destmctive  area*^  that  in  reported  instances  has 
reached  from  fifty  to  one  hundred  men  and  more."  The  greater  the 
fragmentation  of  shells,  the  greater  will  be  the  number  of  men  hit  and  the 


Fig.  620. — Rumian  Prisoner;  Type  or  Naval 
Wounded. 
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more  wide-spread  the  results;   but,  as  a  necessary  consequence,  the  in- 
tensity and  gravity  of  the  individual  wounds  will  be  lessened. 

By  far  the  greater 
proportion  of  injuries  ^^^BTV^^B^^HB^^^^^^^^HR^H 
and  wounds  result  from 
shells,  as  such,  and  their 
fragments,  when  they 
explode,  or  indirect  pro- 
jectiles, like  spUnters  of 
metal  and  wood  from 
divers  parts  of  the  ship's 
structure  that  have  been 
transformed  into  vulner- 
ating  bodies  by  the  pro- 
digious driving-force  of 
a  striking  shell.  The 
ignition  of  exposed  am- 
munition placed  at  the 
guns  or  piled  up  at  maga- 
zine entrances  by  shells 
or  back-flares;  bursting 
of  imperfect  guns;  boiler 
explosions  and  scalds; 
and  falls  caused  by 
shock  or  vibration,  are 
all  frequent  sources  of 
wounds,  injuries,  and 
wide-reaching  disaster. 
Not  the  least  among 
these  collateral  or  secon- 
dary causes  of  injury  is 
what  has  been  termed 
blast-concussion.  Sev- 
eral of  these  considera- 
tions of  secondary  injur- 
ing effects  are  dependent 
upon  actual  gun-fire 
under  stress  of  belliger- 
ent action — others  not, 
though  they  are  inti- 
mately connected  with 
the  exalting  influences 
of  warfare.  Happily  the 
danger  of  boiler  explo- 
sion and  bursting  guns 
becomes  less  and  less 
frequent  as  construction  is  perfected;  and  as  the  possibility  of  other 
accidents  appears,  necessary  precautions  are  formulated  and  enforced, 


Fio.  621. — Fragments  of  Shells  Extracted  from  Wounds 

OF    RU98IAN8    AND    JaPANKSE;      AcTUAL    SiZE. 

1,  Fragment  extracted  from  calf  of  right  leg,  which  inflicted 
large  lacerated  wound,  fracturing  both  tibia  and  fibula;  2. 
fragment  extracted  from  back  at  left  side  of  tenth,  eleventh, 
and  twelfth  dorsal,  and  first  lumbar  vertebrae;  ribs  mutilated 
and  portion  of  the  intestines  and  kidney  injured;  3,  frag- 
ment extracted  from  lower  third  of  the  right  thigh  through  a 
counter-opening;  4.  fragment  which  caused  large  flesh  wound 
over  nearly  two-thirds  of  right  arm,  blind  wound  on  the  left 
iliac  region,  and  fracturing  femur;  5,  fragment  causing  wound 
of  left  Duttock,  perforating  wound  of  right  thigh,  and  fracture 
of  the  femur:  6,  fragment  extracted  from  rhomboid  muscles, 
which  caused  severe  laceration  of  the  left  side  of  the  shoulder 
with  fractures  of  scapula;  7,  fragment  extracted  by  counter- 
opening,  which  caused  wound  on  right  shoulder,  passing  through 
upper  part  of  scapula  below  clavicle  toward  the  subclavian 
fossa  and  abrasion  on  the  right  cheek;  8.  fragment  extracted 
from  large  lacerated  wound  on  left  temple;  9,  fragment  which 
caused  wound  to  the  left  buttock,  passing  forwanl  and  down- 
ward toward  the  front  of  the  upper  part  of  the  left  thigh; 
10^  fragment  which  caused  wound  in  lower  third  of  the  left 
thi^h,  which  was  extractetl  by  a  counter-oi)ening;  11,  fragment 
which  caused  wound  on  the  left  parietal  region,  right  arm.  right 
forearm,  and  on  upper  part  of  the  right  thigh;  12,  fragment 
extracted  from  wound  on  back  of  left  forearm,  also  causing 
roughening  of  the  ulna. 
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and  mechanisms  are  improved  or  devices  added  through  the  ever-aetlve 

ingenuity  of  officers,  which  reduce 
any  given  danger  to  a  minimum. 
The  ''blowout"  device  now  attached 
to  big  guns,  which  sweeps  the  bore 
clear  of  inflanmiable  gases  and 
d^^bris  before  the  breach  is  opened 
and  prevents  back-flares,  is  a  fine 
example  of  the  many  inventions 
created  by  necessity. 

Detailed  Consideration  of 
Wounds. — Character  of  Wounds 
Inflicted  by  Shells,  as  such,  with 
Comments  upon  Amputation. — 
A  shell  failing  to  burst,  or  a  solid 
shot  intended  only  for  armor-pierc- 
ing purposes,  produces  most  exten- 
sive and  fatal  injuries,  for  when  a 
missile  of  this  kind,  at  a  high  rate 
of  velocity,  strikes  a  part  of  the 
body  directly,  it  carries  all  before 
it.     **When  a  portion  of  a  limb  is 


m4Cjf 


Fio.  522. — Fragment  of  Shell,  Actital  Size, 
Removed  from  an  Injured  Man  during 
THE  Rus8o-Japane8E  War  (sce  No.  6 
under  Fig.  521). 


carried  away  in  this  manner,  the 
end  which  remains  presents  a  flat 
stump  nearly  level,  and  much  con- 
tused; the  muscles  on  the  face  of 
the  stump  are  crushed  and  lacerated  and  do  not  retract;  the  interstices 
in  the  tissues  are  filled  with  effused  blood;  splinters  of  bone  and  bone 


Fio.  523. — Mutilated  Wound  of  the  Left  Knee  and  Lacerated  Wound  of  the  Right  Leo. 

dust  are  found  on  the  far  side  of  the  stump,  *but  the  remainder  of  the 
shaft  is  not  fissured  or  splintered.'  ^' 
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"If,  on  the  other  hand,  the  force  and  velocity  of  an  unexploded  shell 
has  much  diminished  before  striking,  a  portion  of  the  body  or  limb  may 
still  be  carried  away,  but  the  condition  of  the  injured  part  is  somewhat 
different:  the  amount  of  laceration  of  the  soft  tissues  is  greater;  the  skin 
and  muscles  are  more  irregularly  torn,  and  shreds  or  ribbons  of  these 
tissues  hang  from  the  wound ;  the  muscles  are  more  separated  from  each 
other  and  show  signs  of  having  been  partly  dragged  out  from  their  sheaths 
and  intermuscular  septa;  the  face  of  the  stump,  if  a  limb  be  concerned, 
is  more  jagged  and  uneven;  the  bone  splinters  seen  on  the  exit  side  are 
larger;  'the  remainder  of  the  shaft  is  not  so  smoothly  cut  across,  and  As- 
suring and  splintering  occur  in  it  to  some  extent'  (Ix)ngmore)."^ 

Wounds  of  this  origin  sometimes  imperatively  demand  immediate 
operation,  such  as  amputation.  In  cases  of  this  sort  particularly,  judg- 
ment and  not  impulse  should 
guide.  The  time  that  has  passed 
from  the  instant  of  the  wound 
should  be  taken  into  considera- 
tion, though  this  is  not  usually 
long.  Hemorrhage,  of  course, 
permits  no  delay  of  the  neces- 
sarj'  procedures  for  its  control, 
and  in  regard  to  other  features 
of  the  cases,  they  should  be  cared 
for  as  soon  as  possible,  because 
the  men  are  still  in  an  exalted 
condition,  possessed  of  their  full 
vigor  and  moral  courage,  and  are 
better  able  to  support  the  opera- 
tion and  its  consequences.  One 
should  not  go  to  the  other  ex- 
treme, however,  and  operate  too 
soon.  General  or  constitutional 
shock  is  usually  well  marked  in 
cases  of  shell-wound,  and  if  shock 
has  occurred  any  interference 
beyond  the  requirements  of  first 

aid  must  be  delayed  until  the  pulse  is  again  full  and  reaction  has 
taken  place.  Amputations  performed  before  the  wounded  have  recov- 
ered from  this  injury  to  the  nervous  system  are  nearly  always  quickly 
fatal.  The  human  system  does  not  seem  able  to  support  these  two 
shocks  in  close  succession.  It  therefore  requires  a  fine  appreciation  on 
the  part  of  the  surgeon  as  to  the  time  which  should  elapse,  and  it  is 
right  to  say  that  the  number  of  cases  which  do  not  permit  waiting  are 
comparatively  few.*®  As  a  further  reason  for  delay  we  find  conservative 
surgery  affirming  its  principles  with  growing  energy.  "  Tis  true  indeed,'' 
says  Moyle,  "he  is  a  good  surgeon  that  can  take  off  a  limb  dexterously; 
but  he  is  a  better  that  can  save  it  and  heal  it."^  This  quaint  observation 
in  the  year  1702  seems  to  have  been  a  prophetic  promise  for  the  future 


Fig.  624. — Mutilation  of  the  Right  Arm. 
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of  naval  surgery,  as  it  was  offered  as  advice  to  the  naval  surgeon  of  that 
period.  Today  the  efforts  of  all  surgeons,  championed  by  the  rules  of 
asepsis,  tend  toward  this  end.  It  is  recognized  that  the  conserving  of 
members  does  not  expose  one  to  the  chances  of  death  more  than  untimely 
amputation,  and  that  where  delay  is  not  otherwise  contraindicated  there 
are  distinct  advantages  in  deferring  these  cases  to  a  later  period,  when 
they  then  become  operations  of  choice.*®  Anything  like  a  set  operation  is, 
however,  seldom  possible,  the  condition  and  form  of  the  injured  tissues 
requiring  special  operations.  It  must  be  remembered,  also,  in  contem- 
plating any  serious  operation,  that  during  times  of  hostility,  whether 
actually  engaged  or  not,  a  fighting  ship  is  but  an  emergency  hospital, 
and  the  sick  and  wounded  will  have  to  be  transferred  and  must  be  kept 
in  as  good  condition  as  possible  for  this  further  trial  and  discomfort.*^ 
Character  of  Wounds  Inflicted  by  Large  Fragments. — Large 
fragments  of  shell  have  a  comparatively  feeble  flying  power  and  their 


Fio.  525. — Lacerated  Wound  of  the  Left  Thigh  with  Loss  of  Soft  Tissueb. 


ability  to  penetrate  living  tissue  is  not  usually  very  great;  they  rarely 
perforate.  Their  irregular  jagged  shape,  however,  makes  them  vicious 
missiles  and  they  contuse  and  lacerate  the  soft  parts  to  an  enormous  ex- 
tent. Their  form  and  velocity,  therefore,  are  best  calculated  to  produce 
injury  which  is  great  in  area  rather  than  in  depth.  "Perhaps  the  most 
typical  kind  of  wound  produced  by  shell  is  that  seen  when  a  fragment  has 
cut  or  torn  its  way  into  the  soft  parts  and  remains  there,  more  or  less 
buried,  and  it  is  remarkable  what  huge  masses  of  metal  are  occasionally 
hidden  away  in  this  manner.  The  entrance  wound  in  the  skin  is  nearly 
always  smaller  than  the  cavity  in  which  the  missile  lies,  and  it  is  often 
difficult  to  account  for  the  passage  of  so  large  a  piece  of  metal  through 
so  small  an  aperture.  The  sides  of  such  a  cavity  in  a  badly  lacerated 
wound  do  not  show  much  tendency  to  come  together  when  the  foreign 
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body  has  been  removed,  as  the  parts  are  so  devitalized  and  torn  by  the 
searing  influence  and  force  to  which  they  have  been  subjected  that  they 
are  incapable  of  resuming  their  original  relations  to  each  other/ '^ 

When  a  part  of  a  limb  is  carried  away  by  an  unexploded  shell,  or  a 
severely  lacerated  woimd  is  produced  by  a  large  fragment,  although  some 
time  after  the  occurrence  of  the  injury  there  may  be  no  sign  of  contusion 
and  ecchymosis  of  the  surface  in  the  immediate  proximity,  yet  these 
will  sooner  or  later  show  themselves  in  a  very  marked  degree ;  the  condition 
of  the  parts  after  a  day  or  two  will  be  exactly  as  though  they  had  been 
directly  injured,  and  a  knowledge  of  this  fact  will  affect  the  question  of 
primary  amputation  and  the 
situation  at  which  it  should  be 
performed.** 

Character  of  Wounds  In- 
flicted by  Small  Fragments 
and  Splinters. — Most  wounds 
caused  by  the  penetration  of 
small  fragments  or  splinters  of 
material  from  surrounding  struc- 
tures are  blind,  and  the  former 
missiles  may  be  taken  for  granted 
even  though  not  seen,  when  the 
wounds  have  reached  the  deeper 
parts  of  the  body.^  Multiple 
small  scattered  wounds  are  also 
noted  as  a  result  of  a  shower  of 
these  small  fragments.  It  is  this 
class  of  wounds  which  represents 
the  greatest  likelihood  of  contain- 
ing infecting  substances.  When 
near  important  regions  of  the 
body  these  wounds  require  very 
careful  examination,  in  order 
that  the  danger  of  overlooking 
extraneous  matter  may  be  ex- 
cluded. The  early  consequences 
of  neglecting  this  injunction 
vary  with  the  region  of  the 
body  concerned;  the  remote  sequel  is  avoidable  fatality. 

The  general  management  of  all  shell-wounds  is  in  accordance  with 
common  sense  and  the  requirements  of  modern  surgical  methods;  strict 
asepsis  or,  better,  antisepsis  must  be  observed,  and  as  a  cleansing,  sooth- 
ing, and  recreating  lotion,  warm  normal  saline  solution  is  particularly 
useful.  The  surrounding  skin  is  to  be  disinfected  and  all  extraneous 
bodies,  as  fragments  of  metal,  splinters  of  wood,  rags  of  cloth,  anj  sand, 
etc.,  or  substances  accidentally  foreign,  as  coagulated  blood,  hair,  pieces 
of  bone,  and  detached  flesh,  etc.,  are  to  be  extracted;  severed  blood- 
vessels are  to  be  ligated  and  injured  nerves  and  tendons  repaired;    in 


Fio.  526. — Lackratkd  Woundb  of  the  Left 
Eye  and  Lip8,  with  Lacerated  Wound©  op 
THE  Right  Thigh  and  Leg,  and  Fracture 
OF  the  Lower  Jaw. 


1050  NAVAL  SURGERY. 

wounds  having  regular  edges  and  in  which  the  damage  to  underlying 
tissues  has  not  been  great,  sutures  may  be  tried,  but  in  deep  large  irregular 
ones  in  which,  exclusive  of  considerations  for  the  almost  certain  infection, 
any  approach  to  heaUng  by  first  intention  could  not  be  expected,  drainage- 
tubes  must  be  introduced  and  the  area  of  exposed  raw  surface  reduced 
by  approximating  edges  and  binding  detached  integument  to  under- 
lying tissues  with  bridge  and  tack  sutures.  Blind  wounds  with  small 
inlets  must  be  enlarged  for  convenience  of  examination  and  the  removal 
of  foreign  bodies,  and  at  the  same  time  with  a  view  to  preventing  any 
accumulation  of  discharge  afterward. 

Regional  Wounds. — As  most  persons  injured  generally  show 
several  wounds,  any  classification  of  the  seat  of  injury  is  more  or  less 
arbitrary,  and  the  tabulation  must  be  according  to  the  most  severe 
wounds."^  Statistics  for  recent  naval  battles  show  that  the  number  of 
injuries  caused  by  projectiles,  arranged  according  to  locality,  except 


Fio.  527. — Compound  Fracture  or  the  Frontal  Bone. 

complete  destruction  of  the  whole  body  and  extensive  burns,  is  greatest 
in  the  region  of  the  head;  then,  in  order  of  frequency,  the  lower  limbs, 
the  upper  extremities,  the  abdomen  and  lumbar  region,  the  chest  and 
back,  and,  last,  the  neck.^** 

Wounds  of  the  Cranitun. — Some  of  the  most  disconcerting  and 
difl^cult  cases  are  those  with  wounds  about  the  head  and  face.  *^The 
destruction  of  tissue  and  disfigurement  is  often  frightful,  as  where  a 
man  has  the  jaw  shot  away  or  the  outer  wall  of  the  orbit  blown  off, 
leaving  the  eye  and  its  attendant  nerves  and  muscles  exposed  to  view."*** 
The  cranium  may  be  completely  crushed,  with  pulpification  of  the  enceph- 
alon,  or  it  may  sustain  any  variety  and  degree  of  fracture  in  one  or  another 
of  the  cephalic  regions — basal,  occipital,  frontal,  parietal,  or  temporal. 
"The  inner  table  of  the  skull,  as  a  rule,  is  liable  to  be  broken  more  widely 
than  the  outer,  and,  accordingly,  it  is  not  infrequently  found  that  the 
former  is  injured  when  the  latter  is  intact."*^*    '*It  is  hardly  going  too  far 
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to  say  that  as  a  general  rule  of  surgery,  it  should  be  understood  that  all 
'. . .  injuries  of  the  head  in  which  there  is  evidence  of  actual  con- 
tact of  the  projectile  with  the  bones  of  the  skull  require  operative  inter- 
ference (sooner  or  later)  to  give  them  the  best  chance  of  recovery."^*** 
The  visible  injury  is  no  criterion  of  the  real  damage  which  may  exist 
within,  and  though  at  the  time  there  may  be  no  signs  of  cerebral  injury 
or  of  intracranial  hemorrhage,  the  necessity  for  operation  should  not  be 
seriously  or  long  doubted. 

Wounds  of  the  Spine. — Spinal  injuries,  such  as  dislocation,  fracture, 
and  concussion,  are  frequent,  and  portions  of  the  vertebral  column  may 
be  carried  away  and  otherwise 
badly  mutilated.  The  manage- 
ment of  these  conditions  must 
conform  to  well-established  rules. 
Further  than  this,  it  need  only 
be  said  that  where  the  extent  of 
damage  is  not  obvious  and  pres- 
sure symptoms  survive  the  re- 
covery from  shock,  no  time 
should  be  lost  in  resorting  to 
laminectomy  or  other  operations 
indicated  for  relief,  as  the  pro- 
cess of  nerve  degeneration  insti- 
tuted by  the  injury  will  extend 
as  long  as  the  cause  is  permitted 
to  act,  and  the  ultimate  result 
will  be  by  just  so  much  impaired. 
If  the  cord  is  severed,  it  should 
be  sutured  if  possible.  Though 
this  promises  little,  it  offers  the 
best  chance  out  of  an  otherwise 
hopeless  paraplegia. 

Wounds  of  the  Extremities. 
— ^The  most  common  injuries  to 
these  parts,  and,  when  they  are 
not  immediately  fatal,  the  most 
formidable,  are  fractures  in 
which  the  bones  are  crushed 
into  numerous  irregular  frag- 
ments that  are  forced  into  the  flesh,  tearing  and  destroying  the  soft 
parts,  blood-vessels,  and  nerves,  producing  a  combination  of  all  the 
complications  that  can  render  a  wound  severe  and  dangerous.**  Recent 
naval  battles,  however,  furnish  evidence**^  that  even  in  apparently  severe 
wounds  the  bones  may  suffer  only  superficial  damage,  the  keen  edges 
of  a  spent  shell  fragment  injuring  only  its  outer  wall  or  plate.  The  question 
as  to  the  advisability  of  amputation  will  certainly  often  arise,  but  its 
determination  must  rest  with  the  individual  surgeon.  Many  limbs  can 
be  saved  by  intelligent  conservatism,  but  the  life  of  the  individual,  on 


Fio.  528. — Perforated  Wound  of  the  Face 
WITH  Fracture  of  the  Superior  Maxilla; 
Perforated  Wound  of  the  Right  Fore- 
arm AND  Lacerated  Wounds  of  the  Right 
Shoulder  and  Right  Hand. 
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the  other  hand,  must  not  be  jeopardized  by  such  overweening  confidence 
in  the  power  of  nature  as  will  lead  to  errors  of  delay.^' 

Wounds  in  the  lower  half  of  the  body  call  for  the  utmost  solicitude 
owing  to  the  vital  structures  concerned.  Many  of  them  are  immediately 
fatal  as  a  result  of  the  contusion  and  shock  incident  to  the  infliction,  and 
independent  of  the  visible  wound.  Instances  have  been  reported  in 
which  the  abdominal  parietes  have  been  entirely  torn  away,  leaving  the 
viscera  exposed  and  apparently  intact,'^  but,  as  a  rule,  one  or  more  of  the 
viscera  and  the  large  blood-vessels  are  destroyed  by  the  pieces  of  shell.^*^ 
The  most  common  wound  of  the  region  is  a  penetration  of  the  cavity, 
with  more  or  less  internal  damage,  and  here  the  usual  procedure  for 
reaching  and  removing  the  missile,  stopping  hemorrhage,  and  repairing 

ruptures  and  tears  of  the 
hollow  and  solid  organs  must 
be  followed. 

Wounds  in  the  upper 
half  of  the  body  are  com- 
parable to  those  of  the  lower 
half  in  point  of  gravity. 
The  sharp  edges  of  the  pene- 
trating fragments  cut  and 
lacerate  the  lung  tissue  and 
often  result  in  extensive 
hemo-pneumothorax  ,^  if 
nothing  worse.  The  partic- 
ular injunction  to  be  ob- 
served in  the  care  of  cases 
of  this  class  is  that  painstak- 
ing efforts  must  be  made  to 
find  and  extract  a  penetrat- 
ing missile  and  the  extrane- 
ous matter  which  may  have 
been  carried  with  it,  as 
otherwise  empyema  or  pyo- 
hemo-pneumothorax  as  a 
distressing  complication  will 
Suture  of  heart  wounds  may  be  attempted,  but  the 
moment  of  its  urgency  is  usually  so  unfavorable  to  its  successful  accom- 
plishment, to  say  nothing  of  the  very  dubious  prospects  of  the  ultimate 
results  looked  for,  that  one  is  rarely  warranted  in  undertaking  such  an 
unavailing  expenditure  of  time  so  valuable  to  others,  who  offer  a  surer 
response  to  emergency  relief. 

Injuries  of  the  Eye. — Instances  of  rupture  of  the  iris  are  on  record, 
produced,  it  is  supposed,  by  the  sudden  and  forcible  contraction  of  the 
muscles  of  the  eye  that  the  shock  of  a  wound  in  the  orbital  vicinity  oc- 
casions. These  singular  injuries  usually  terminate  in  cataracts.^*  The 
eye  may  sustain  other  direct  injuries  which  require  enucleation. 

Injuries  of  the  Ear. — The  ear  is  subject  to  grave  accidents  peculiar 


Fio.  629. — Blind  Wound,  Right  Side  or  Face  with 
Fractures  of  Superior  Maxilla  and  Palate. 


surely  intervene.* 
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to  the  service.  This  delicate  organ  suffers  more  damage  from  mere 
gun-fire  than  any  other  part  of  the  body,  the  vibrations  being  conducted 
to  the  labyrinth  both  by  way  of  the  outer  and  middle  ear  and  through  the 
hard  bony  parts  of  the  skull,  causing  respectively  the  curable  ruptured 
membrana  tympani  and  the  irreparable  gun-deafness  produced  by  re- 
peated injury  of  the  delicate  nerve  terminals  in  the  internal  ear.^  Our 
immediate  concern  is  with  the  former.  This  injur>^  is  effected  by  "ex- 
plosion gas'*  (gas  produced  by  the  explosion  of  an  enemy's  shell  close  by) 
and  vibrations  of  air  consequent  upon  firing  the  ship's  guns.*^*  Though 
often  reported,  it  is  believed  to  be  much  more  common  than  records  in- 
dicate, as  most  probably  there  have 
been  many  cases  attended  with  rup- 
ture, among  those  killed  on  the  spot 
or  who  died  soon  after,  which  escaped 
notice.     When  the  tympanum  rup- 


Fio.  530. — ^Lacerated  Wound  or  the  Sacral 
Region,  with  Fracttire  or  the  Spine  or 
Sacrum. 


Fio.  531. — Perforated  Wound  of  the  Left 
Elbow,  with  Fracture  of  the  Boneh; 
Lacerated  Wound  of  Dorbal  Region 
with  Fracture  of  Vertebral  Spine. 


tures,  treatment  should  at  once  be  instituted  looking  to  the  avoidance 
of  infection  of  the  middle  ear.^  Of  course,  it  is  realized  that  this  advice 
must  fail  of  practicability  during  the  heat  of  action,  but  the  desirable  end 
sought  will  be  in  a  measure  subser\'ed  by  the  prophylactic  cotton  pledgets 
distributed  before  an  engagement.  The  further  management  of  these 
cases  need  not  be  discussed  here,  but  it  may  be  safely  affirmed  that  if  infec- 
tion is  prevented  the  rupture  will  heal  promptly  by  first  intention. 

Scalds  and  burns,  unhappily  of  frequent  occurrence,  are  usually 
injuries  of  great  gravity  in  the  navy,  being  the  result  of  accidents  of 
such  magnitude  as  boiler  or  powder  explosions.    The  latter  cause  is  the 
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more  likely  possibility  during  hostile  activities,  but  it  has  given  rise  to 
appalling  accidents  during  target  practice,  such  as  the  recent  catastrophe 

on  the  U.  S.  S.  **  Missouri,"  when  some 
thirty  lives  were  lost.  The  "  Benning- 
ton'' disaster  in  San  Diego  Bay  ex- 
emplifies the  terrible  possibilities  from 


Fio.  532. — Comminuted  Fracture  or  thb 

HUMKRVS. 


FiQ.    533.- 


-MuTiLATED   Wound    of   the    Right 
Foot. 


boiler  explosions.  Some  suffer  from  burns  pure  and  simple;  others 
from  serious  accompanying  wounds,  and  when,  in  the  case  of  brown 
powder  or  cordite,  the  explosion  occurs  in  a  turret  or  other  confined 


Fio.  534. — Lacerated  Wound  op  the  Right  Thigh  with  Lobs  or  Soft  Tibbubb. 
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space,  great  pressure  is  developed  as  well  as  intense  heat,  which  forces 
the  gaseous  products  of  combustion  (carbon  dioxid,  carbon  monoxid, 
hydrogen,  nitrogen,  and  methane)  into  the  tissues  and  is  responsible 
for  some  of  the  effects  produced.*®  Bums  are  very  extensive,  affecting 
not  only  the  exposed  parts,  such  as  the  face,  neck,  and  hands,  but  as  much 
as  two-thirds  to  three-quarters  of  the  entire  surface  of  the  body  from  the 
burning  of  the  clothes."*  As  a  rule,  they  vary  only  in  extent,  their 
depth  reaching  not  beyond  the  limits  of  the  second  degree,  owing  to  the  short 
duration  of  the  flame.  There  are  many  cases,  however,  which  exceed 
this  average,  and  the  blanched  waxy  appearance  of  the  uninjured  skin 
and  mucous  membrane,  combined  with  the  charred  board-like  hardness 
of  the  integument,  split  open  in  many  places,  attest  the  enormous  damage 
and  destruction  that  is  produced.  The  burned  area  is  generally  blackened 
or  browned  by  the  fumes  and  the  unconsumed  powder,  and  the  hair 


Fio.  635. — Gunshot  Wound  of  the  Abdominal  Wall  with  Loss  of  Soft  Tissues. 

is  singed.  Some  are  salivated,  and  all  exhibit  a  huskiness  of  the  voice 
as  if  they  had  inhaled  the  hot  gases.  It  is  probable  that  many  suffer 
from  the  internal  effects  of  the  flame. 

The  constitutional  symptoms  vary  to  some  extent,  but  in  general 
follow  rather  a  typical  course.  At  first  they  denote  great  nervous  exci- 
tation and  apprehension,  acjcompanied  in  some  cases  with  night  terrors. 
This  may  be  succeeded,  through  reassurance,  by  a  permanent  normal 
mental  state,  or  in  the  most  serious  cases  may  pass  beyond  into  a  condition 
of  shock  and  collapse.  Pain  and  thirst  are  intense.  In  cases  where 
inflammatory  reaction  sets  in  the  temperature  rises  in  a  remarkable 
manner,  and  the  involvement  of  a  considerable  surface  is  usually  attended 
with  septic  absorption.  Necrosis  and  sometimes  even  dry  gangrene  are 
prominent  among  other  complications. 
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The  treatment  must  first  be  directed  toward  supporting  life,  relieving 

pain,  and  lessening  shock.  Morphin, 
iced  drinks,  and  stimulants  should  be 
freely  administered.  The  clothing 
must  be  cut  and  removed  piecemeal 
so  that  there  may  be  no  undue  pain 
inflicted  in  the  operation,  and,  when 
necessary,  the  part  or  the  whole  body 
may  be  immersed  in  warm  water  to 
soften  the  adhering  garments.  The 
bumed  areas  may  then  be  quickly 
and  gently  cleansed  of  sloughs  and 
exudations  and  enveloped  in  gauze 
wet  with  warm  one-half  per  cent, 
picric  acid  solution,  and  this  in  turn 
covered  with  paraffin  paper  and  re- 
taining gauze  bandages.  Where  the 
whole  body  is  bumed,  it  may  be 
quickly  and  temporarily  enveloped 
in  a  sheet  wet  with  picric  acid  solu- 
tion. With  a  view  to  lessening  pain 
and  discomfort,  and  the  frequent  ex- 
posure of  raw  surfaces  required  in  the 
usual  redressings,  it  is  deemed  more 
in  consonance  with  all  the  indications 
that  the  following  procedure  be  adopted:  Each  day,  following  the  original 


Fig.     636. 


-Perforated    Wound    of    the 
Neck. 


Fio.  537. — Lacb:hated  Wound  of  the  Left  Thigh  with  Lobs  of  Soft  Tissues;   Blind  Wound 
OF  the  Left  Flank  with  Fracture  of  the  Ilium;   Abrasion  op  the  Left  Forearm. 


dressing,  the  bandages  are  removed  and  the  paraffin  paper  rejected ;  but 
the  picric  acid  gauze  is  left  intact.    The  wounds  are  then  irrigated  through 
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the  gauze  by  quantities  of  warm  picric  acid  solution.  This  is  continued 
until  the  solution  passes  away  clear,  when  again  paraffin  paper  and 
bandages  are  appli^.  On  the  fourth  day  the  gauze  is  rejected,  sloughs 
are  trimmed  away,  and,  after  thorough  irrigation,  a  new  picric  acid 
dressing  is  appUed.  So  the  cycle  of  dressings  is  continued  until  the  ex- 
udate is  materially  diminished,  when  a  dry  powder  dressing  (aristol  one 
part,  boric  acid  three  parts,  reduced  to  impalpability),  covered  with 
foil  or  protective  and  ultimately  secured  by  gauze  bandages,  can  properly 
be  employed.  Later,  when  new  skin  has  formed,  some  unguent  may  be 
used.  Chloretone  has  been  recommended^^  instead  of  picric  acid,  but 
its  value  is  still  mb  judice.  In  burns  of  the  face  scabs  should  be  encouraged 
and  only  slightly  raised  for  sufficient  irrigation  with  hydrogen  dioxid 
in  cases  of  retained  pus.  Fingers  and 
limbs  should  be  splinted  to  prevent 
cicatricial  contractions  and  passive 
motion  begun  early.  Daily  doses  of 
magnesium  sulphate  may  be  admin- 
istered with  advantage  as  a  theoretic 
antidote  to  picric  acid  in  the  event 
of  its  absorption  and  the  formation 
of  carbol  urea.^^ 

Special  Conditions  and  Con» 
stitutional  Effects.— The  naval  sur- 
geon is  further  concerned  with  a 
number  of  curious  conditions  incident 
to  the  development  of  : 

Irrespirable  Gases  and  the  Con- 
cussions and  Shocks  of  the  Gun 
Discharges  and  Violent  Changes 
in  the  Density  of  the  Air  within 
Confined  Spaces. — For  example,  the 
rapid  burning  or  explosion  of  smoke- 
less powder,  shimose,  or  lyddite,  pro- 
duces a  complex  gas  which  variously 
affects  all  who  come  within  the  radius 
of  its  influence.     Some  are  suddenly 

prostrated  in  unconsciousness;*^  others  experience  an  exhilaration  at 
first,  followed  by  partial  loss  of  consciousness.  At  least  there  are  sen- 
sations of  weakness,  nausea,  and  asphyxiation.^"  The  absorption  of  the 
compounds  of  nitrogen — nitrites  and  nitrous  acid — is  probably  respon- 
sible for  these  symptoms.  Recovery  may  be  rapid,  but  it  usually  takes 
days  before  all  symptoms  have  disappeared.  Other  effects  of  the  inhala- 
tion of  the  products  of  combustion  are  those  caused  by  the  irritative 
action  of  gases  on  the  respiratory  tract.  CEdema  pulmonalis  is  one  of 
the  dreaded  consequences.^*  Important  in  the  list  of  these  vague  disor- 
ders and  the  one  meriting  special  mention  in  this  chapter  is  that  commonly 
known  as  "  blast  concussion,''  which  is  produced  among  the  men,  partic- 
ularly gunners^  in  greater  or  less  degree  depending  upon  their  position 
VOL.  iv^^7 


Fig.  538. — Perforated  Wound  of  the 
Right  Chkek,  and  Laceratkd  Wound 
of  the  Back  with  Fracture  of  the 
Right  Scapula. 
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in  relation  to  the  guns  at  the  time  they  are  fired.  This  consists  at  first 
of  more  or  less  shock,  involving  the  whole  cerebrospinal  axis,  and  a  feeling 
of  great  depression  in  the  epigastrium,  followed  by  nausea.  In  some 
cases  there  is  a  vague  mental  disturbance  accompanied  by  pain  in  the  head. 
It  is  probable  that  the  violent  shaking  suffered  is  due  to  the  vibrations 
of  the  deck;  while  the  abdominal  symptoms  develop  as  a  consequence  of 
the  primary  compression  and  secondary  suction  effect  upon  the  body, 
particulariy  the  unresisting  abdomen,  produced  by  the  air  displacement 
and  immediately  succeeding  partial  vacuum  incident  to  the  discharge  of  a 
large  gun.^  This  condition  is  not  ordinarily  of  great  consequence  per  se, 
though  capable  of  far-reaching  results,  but  in  that  it  conduces  to  the  early 

development  of  surgical  shock  in 
those  otherwise  wounded. 

Shock. — Nervous  concussion 
or  shock  is  often  simultaneous 
with  or  immediately  follows 
severe  and  extensive  wounds.* 
Reliable  observations  would 
seem  to  agree  on  this  general 
proposition,  yet,  even  in  this 
class  of  cases,  the  vitality  and 
mental  exhilaration  of  a  com- 
batant may  not  abate  until  the 
fight  is  over,  and  thus  the  full 
development  of  the  condition 
may  be  long  delayed.  Indeed, 
the  immediate  constitutional 
effects  of  precisely  the  same  kind 
of  injury  vary  so  much  in  severity 
and  duration  and  are  so  totally 
different  in  different  individuals 
that  no  description  can  be  given 
to  cover  them  all.  Traumatic 
delirium,  occurring  in  those 
wounded  in  the  neighborhood  of 
the  explosion  of  large  shells,*** 
and  paralytic  insanity  consequent  on  lesions  of  the  sensory  and  motor 
centers,  are  among  the  forms  noted.  Some  men  pass  into  a  state  of  pro- 
found shock  from  unaccountable  fear  which  the  bravest  cannot  resist  or  con- 
ceal, and  which  nothing  will  abate;  while  others  manifest  not  the  slightest 
depression  or  alarm,  though  suffering  the  gravest  injury.  It  is  not  a 
matter  of  courage,  but  is  purely  temperamental. *•  If  only  nervous  in 
origin,  the  case  will  in  all  probability  react  soon  under  proper  stimulation 
and  the  relief  of  suffering  by  such  means  as  splinting  broken  bones  in 
severe  injuries;  but  if  dependent  upon  loss  of  blood,  immediate  attention 
with  stimulants  and  transfusion  or  saline  injections  can  alone  prevent  a 
fatal  issue. 

Hemorrhage. — All  wounds  are  attended  with  more  or  less  hemorrhage. 


FiQ.  539. — Burns  of  thb  Fack  and  Back. 
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and  this,  with  pain  in  the  first  stage,  is  nothing  more  than  an  inevitable 
initial  symptom. 

Primary  hemorrhage  in  most  wounds  in  naval  warfare  is  comparatively 
slight  at  the  time  of  injury,  owing  no  doubt  to  the  lacerated  and  contused 
character  of  shell  wounds  and  the  weakened  action  of  the  heart  incident 
to  shock.  Steps  to  arrest  hemorrhage  are  only  occasionally  necessary, 
and  it  will  usually  be  found  to  cease  of  its  own  accord.***  It  may  be  use- 
ful to  observe  as  a  pertinent  warning  that  the  indiscriminate  employment 
of  a  tourniquet  in  wounds  is  often  extremely  prejudicial.  The  instru- 
ment is  seldom  required  in  naval  actions  except  in  wounds  of  the  large 
arteries  and  in  operations,  and  everybody  who  is  instructed  in  its  appli- 
cation as  a  first-aid  measure  must  also  be  cautioned  against  its  use  urdess 
obviously  required.  The  fear  of  hemorrhage  is  the  greatest  dread  of  sea- 
men, and  whenever  they  are  allowed  tourniquets  they  apply  them  in  all 
manner  of  wounds.  The  bleeding  stopped,  the  patient,  fancying  himself 
perfectly  safe  under  the  protection  of  this  '*  gigantic  fiend,"  creeps  into  a 
comer,  where  he  is  not  discovered  till  the  ligature  has  caused  the  most 
direful  effects,  and  the  otherwise  simple  wound  has  been  rendered  highly 
dangerous.  Sometimes  it  becomes  necessary  to  postpone  operations  in 
consequence  of  swelling  and  inflammation  produced  by  this  instrument 
where  its  application  was  not  required.*^  The  vascular  tissues  share 
the  nature  of  the  wound  of  the  surrounding  structures,  being  more  or  less 
contused  above  and  below,  and  when  vessels  are  rent  the  order  in  which 
their  coats  give  way  generally  facilitates  the  coagulation  of  the  blood. 
These  statements  are,  of  course,  of  a  general  nature,  and  do  not  express 
the  truth  in  all  cases,  for  profuse  and  dangerous  primary  hemorrhage 
does  occur,  particularly  when  the  large  vessels  are  involved  and  the  in- 
jury is  of  the  nature  of  a  perforation  or  half  rent,  so  that  the  inner  and 
middle  coats  are  not  permitted  to  curl  up  and  favor  coagulation.***  The 
principal  arteries  of  the  thigh  and  arm  are  too  large,  even  though  torn 
asunder,  to  form  enough  coagulum  to  stop  hemorrhage  quickly,  and  death 
will  speedily  ensue  if  the  bleeding  is  not  immediately  staunched  by  tampon 
or  tourniquet.  Even  then  the  loss  of  blood  will  still  be  great.  However, 
in  the  surgical  history  of  recent  naval  wars  comparatively  few  deaths 
are  attributed  to  primary  hemorrhage. 

But  there  is  great  danger  of  secondary  hemorrhage,  as  the  devitalization 
of  tissue  in  shell  wounds  is  so  extensive  and  deep  that  sloughing  almost 
always  takes  place  and  will  involve  the  vessels  which  have  been  contused 
or  lacerated.***  The  possibility  of  serious  consequences  from  this  accident 
are,  however,  greatly  reduced  under  the  watchful  care  of  a  good  nurse 
during  the  relative  quiet  of  after-battle  conditions.  The  Japanese  re- 
ports bear  out  this  conclusion. 

Treatment. — ^The  management  of  hemorrhage  is  so  important  a  question 
to  miUtary  and  naval  surgeons  that  any  method  of  treatment  which  is 
at  once  safe  and  available  and  rational  should  be  eagerly  welcomed. 
Valuable  experiments  with  a  view  to  finding  a  means  of  successfully  treat- 
ing the  grave  hemorrhages  which  our  present  methods  cannot  relieve 
are  continually  being  conducted.    Crile  and  Dolly  are  among  the  late 
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investigators  along  this  line,  and  they  offer  conclusions  well  worth  con- 
sidering and  quite  within  the  possibilities  of  naval  practice.  Indeed,  the 
method  of  man-to-man  transfusion  recommended  is  especially  available 
to  naval  surgeons,  for  there  is  no  class  of  men  in  which  the  spirit  of  com- 
radeship and  humanity  is  so  highly  developed  as  among  seamen.  It  is  not 
feasible  or  necessary  to  enter  into  a  discussion  of  the  principal  resources 
for  treating  the  conditions;  these  are  given  in  detail  elsewhere.  Suffice 
it,  that  all,  though  they  hold  an  undenied  place,  are  for  one  reason  or 
another  unsatisfactory,  and  **the  biochemic  researches  of  recent  years 
have  demonstrated  the  old  method  of  blood  transfusion  to  be  inapplicable." 

Prognosis  and  Coinplications.^The  condition  and  progress 
of  wounds^'  will  depend  entirely  upon  the  length  of  time  which  elapses 
between  the  moment  of  their  infliction  and  the  hour  and  character  of 
surgical  attention  rendered.  Where  immediate  thorough  attention  is 
given,  even  large  wounds  may  heal  kindly  and  comparatively  rapidly, 
allowing  for  the  very  natural  inflammatory  reaction  to  the  contusing 
force,  which  appears  as  a  reddening  at  the  margins  of  the  wound  and 
slight  suppuration.  Small  contused  and  perforated  wounds  will  often 
heal  without  any  sign  of  inflammation  or  suppuration  when  early  pro- 
tected by  an  emergency  dressing.  In  the  larger,  deeper  wounds  and 
those  vast  lacerations  so  frequently  encountered,  however,  the  process 
of  healing,  even  with  the  utmost  care,  is  sure  to  be  slow,  and  the  course 
will  be  marked  by  sloughing,  suppuration,  and  possibly  secondary  hemor- 
hage.  The  minutest  scrutiny  sometimes  fails  to  discover  all  foreign 
bodies,  and  gradually  small  pieces  of  clothes  and  particles  of  crushed  bone 
which  are  not  extracted  will  come  away  with  the  putrefying  tissue. 
Healing  must  be  by  granulation;  in  fact,  by  that  process  which  modem 
surgical  technic  tries  to  prevent,  and  which  is  so  often  accompanied  by 
fatal  surgical  infective  disease.^  Fortunately,  the  very  openness  of  the 
wounds  secures  free  drainage  and  facilitates  thorough  cleansing,  so  that 
septic  intoxications  are  not  necessarily  imminent,  and  the  temperature 
curve  followed  by  these  cases  is  usually  low,  unless  some  complication, 
such  as  erysipelas  or  tetanus,  supervenes.  Nevertheless  in  all  cases  of 
shell  wounds,  however  slight  they  may  at  first  appear  to  be,  the  prog- 
nosis should  always  be  a  guarded  one,  as  the  patient  will  have  many  risks 
to  run. 

Suppuration,  as  previously  indicated,  is  the  rule  in  the  extensive  and 
grave  injuries  of  naval  warfare,  in  spite  of  ample  provisions  before  and  the 
utmost  care  during  and  after  engagements  to  prevent  it.  The  very  nature 
of  the  wounds — their  irregular  surface  and  edges  and  impaired  vital 
resistance — insures  the  seclusion  and  rapid  growth  of  micro-organisms 
when  once  they  have  invaded,  and  it  cannot  be  held  that  there  is  any 
paucity  of  septic  possibilities  or  sources.  The  condition  of  the  individual's 
skin;  his  clothing;  the  great  variety  of  substances  that  may  be  carried 
deep  into  the  tissues  with  the  wounding  missiles;  the  inadequacy  of  the 
temporary  surgeries  from  an  aseptic  point  of  view;  the  darkness  and 
poor  ventilation  of  a  ship  battened  down  for  battle;  and  the  continual 
agitation  of  the  ship  from  the  gun-firing,  which  keeps  everything  covered 
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with  the  dust  and  dirt  of  an  engagement,  give  ample  opportunity  for  wound 
infection. 

Gangrene. — Sloughing  of  the  tissues  around  the  wound  is  a  common 
stage  of  all  shell  wounds,  and  distant  gangrene,  through  injury  of  the 
main  arteries  with  their  complete  obliteration  as  blood  channels  and  the 
formation  of  emboli  which  plug  the  collateral  circulation,  is  a  grave 
possibility,  though  not  as  frequent  in  actual  experience  as  might  be  sup- 
posed. In  the  war  of  1904-05,  for  instance,  out  of  two  hundred  and  fifty- 
six  wounded  only  three  cases  of  distant  gangrene  were  noted.*** 

Erysipelas  and  tetanus,  while  happily  rare,  must  nevertheless  be 
considered  constant  dangers,  and  in  recognizing  the  possibility,  every  care 
must  be  taken  that  the  ship  is  in  as  good  sanitary  condition  as  the  unavoid- 
able circumstances  of  the  engagement  will  permit,  and  to  remove  the 
wounded  off  the  ship  as  soon  as  the  transfer  can  be  effected.  With  the 
standard  precautions  of  the  present  day  there  will  be  little  danger  of  an 
actual  epidemic. 

Considerations  Affecting  the  Ultimate  Outcome. — After  careful 
attention  to  the  wounds  themselves  nothing  is  more  important  in  the 
further  management  of  the  cases  than  good  food,  light,  fresh  air,  and  a 
cheering  influence.  The  favorable  course  of  convalescence  and  ultimate 
recovery  will  in  a  great  measure  be  determined  by  these  considerations. 
The  buoyant  spirits  which  victory  occasions  will,  azieris  parilms,  insure 
the  surgeons  on  the  conquering  side  more  success  than  those  who  have 
charge  of  the  vanquished  crew.^  Above  all,  in  caring  for  the  wounded 
the  surgeon  must  never  abandon  hope,  never  take  for  granted  that  death 
will  inevitably  follow  in  any  case,  however  desperate,  for  many  recoveries 
are  recorded  in  seemingly  hopeless  cases.  A  belief,  founded  on  all  ordinary 
and  rational  calculations,  that  nothing  that  can  be  done  will  be  of  avail, 
is  so  discouraging,  and  so  apt  to  paralyze  exertions  that  it  should  always 
be  the  endeavor  to  bend  convictions  the  other  way  as  a  spur  to  the  most 
enthusiastic  and  sanguine  efforts.** 


CONDUCT  OF  THE  MEDICAL  DEPARTMENT  AFTER  BATTLE. 

As  has  been  previously  intimated,  the  final  thorough  care  of  the 
wounded  must  not  be  long  deferred.  If  for  any  reason  the  wounded  are  not 
transferred  to  a  hospital  ship  or  ashore  soon  after  battle,  all  requirements 
must  be  met  on  board  ship  with  the  utmost  care  and  conclusiveness.** 

In  any  case  the  cessation  of  hostilities  is  the  signal  for  the  beginning 
of  the  surgeon's  real  hour  of  usefulness.  The  wounded  given  first  aid 
and  the  battle  ended,  his  mission,  so  far  from  being  accomplished,  requires 
renewed  activity.  Now  he  can  have  control  of  the  ship  as  far  as  space 
and  free  hand  are  concerned,  and  can  substitute  comparative  order  and 
comfort  for  the  rough  treatment  or  neglect  which  the  previous  hurried 
maneuvers  necessitated.  The  galley  and  bakery  are  placed  at  his  dispo- 
sition for  the  sterilization  of  additional  dressings  and  instruments  and  the 
preparation  of  an  abundance  of  hot  water.  Plenty  of  unskilled  aid  is 
forthcoming  without  the  asking.    Everybody  turns  from  the  business 
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of  war  to  the  tender  duties  of  succoring  the  wounded,  and  the  surgeon, 
guiding  and  directing  these  humanitarian  energies,  and  seemg  as  far  as 
possible  that  all  cases  are  properly  prepared  for  transportation,  reigns 
supreme  below  the  bridge.  The  sick  bay  with  all  its  conveniences,  if  not 
shot  away  or  demolished,  becomes  in  this  phase  of  the  surgeon's  responsi- 
bilities an  invaluable  accommodation,  and  various  other  compartments 
now  become  available  for  the  care  of  the  wounded  to  take  the  overflow 
from  the  sick  bay.  Cases  are  taken  below  in  order  of  their  gravity,  and 
everything  needful  is  done  for  their  comfort,  the  safety  of  their  lives, 

and  in  preparation  for  prompt 
and  efficient  transfer.  At  this 
time,  also,  the  names  of  the 
wounded  and  the  nature  and 
gravity  of  their  lesions  must  be 
carefully  noted  in  order  that  an 
exact  report  can  be  rendered  to 
the  captain. 


HETHODS  OF  TRANSPORTA- 
TION. 

Stretchers    in    General. — 

After  battle  the  transportation 
of  the  injured  is  a  question  for 
less  hasty  decision,  and  the 
selection  of  suitable  ambulance 
methods  becomes  at  once  a  dif- 
ficult and  important  matter.  Of 
course,  in  all  deliberations  upon 
this  subject,  and  in  the  exercise 
of  ingenuity  in  design  and  con- 
struction, the  nearer  the  ap- 
proach to  actual  battle  require- 
ments the  better.  Studies  and 
investigations  along  this  line 
have  been  so  untiringly  and 
painstakingly  conducted  that 
again  and  again  it  has  been 
thought  researches  have  been 
brought  to  a  point  where  they 
could  be  abandoned  (the  ''inclined  plane''  of  Marechal,  the  ''sliding  bar" 
of  Stitt,  and  the  "ambulance  lift"  of  MacDonald,  are  examples),  but 
the  progressive  substitution  for  contrivances  formerly  employed  silently, 
one  by  one,  proclaims  their  imperfections.  There  are  a  few  such  which 
have  not  yet  been  entirely  laid  aside,  as  incorporating  so  many  good 
features  that  their  disadvantages  are  almost  negligible,  and  they  will 
continue  to  claim  a  considerable  place  in  the  performance  of  trans- 
portation until  the  newer  ones  prove  their  superior  capacity  and  more 


FiQ.  540. — Transportation  Board,  (A)  Bottom 
AND  (B)  Top  View. 
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versatile  adaptability.  '*The  transportation  board"  occupies  a  unique 
position  in  this  respect,  and  for  years,  and  until  the  approval  of  the 
report  of  the  recent  joint  Board  of  Army  and  Navy  Medical  Officers, 
was  the  official  stretcher  in  the  United  States  navy.  In  spite  of  the 
danger  of  splinters  and  its  weight  and  consequent  clumsiness,  there  will 
doubtless  be  occasion  for  its  use. 

Difficulties  Involved. — ^'Unless  one  has  been  on  a  modern 
man-of-war  and  examined  its  interior  construction,  he  can  have  no  correct 
notion  of  what  the  naval  surgeon  has  to  contend  with  in  his  care  for  the 
injured.  With  its  massive  machinery,  its  tangle  of  pipes,  conduits,  wires, 
rods,  and  hoists,  its  labyrinths  of  compartments,  its 
maze  of  long,  narrow,  and  often  tortuous  passages, 
its  hatchways  leading  down  to  depths  or  opening 
up  to  lofty  elevations,  it  is  confusing  in  the  ex- 
treme. .  .  .  There  are  coal-bunkers  into  which 
men  go,  work,  and  are  sometimes  injured,  the  only 
exit  from  which  is  through  a  circular  opening  20 
inches  in  diameter.  There  are  military  tops  many 
feet  from  the  deck  in  which  men  are  stationed  in 
time  of  battle,  and  while  there  they  may  be  severely 
wounded.  Access  to  and  from  these  tops  is  through 
a  small  aperture  in  their  floor  and  down  many  feet 
by  perpendicular  ladders,  and  over  bridges  and 
various  platforms.  There  are  firerooms  from  which 
the  only  means  of  egress,  especially  during  an  en- 
gagement, is  a  perpendicular  ladder  twenty  or  more 
feet  in  height,"*  and  so  on  ad  infinitum.  The  com- 
plex structure  and  multiplicity  of  barriers  offer  many 
unavoidable  obstacles  to  the  easy  and  favorable 
handling  of  the  injured,  and  the  difficulties  often 
become  embarrassing. 

Necessary  Features  of  Stretchers.— ''Wher- 
ever the  patient  may  be  at  the  time  he  received 
the  injury,  the  time  will  come  when,  either  during 
or  after  the  engagement,  he  must  be  moved  else- 
where; it  may  be  to  some  other  part  of  the  ship  or 
to  another  vessel,  and  on  the  manner  of  his  removal 
will  depend  in  a  large  degree  the  question  of  his  re- 
covery.    Thus  special  methods  are  demanded  and 
the  ingenuity  of  the  naval  surgeon  is  taxed  to  the  utmost.     Probably 
the  stretcher  that  will  meet  all  possible  conditions  will  never  be  con- 
structed, since  the  difficulties,  particularly  on  a  battleship,  will  always 
remain  in  a  degree  superior  to  the  cleverest  contrivances."* 

In  intelligently  undertaking  the  solution  of  the  problems  involved  in 
the  exacting  and  broad  requirements  of  a  battleship  stretcher  the  inventor 
must  calculate  upon  the  very  worst  contingency  possible,  in  both  point 
of  injury  and  path  of  traject,  and  be  prepared  to  meet  the  needs  of  a 
particular  case  in  a  surgical  manner.     Of  course,  it  must  be  constructed 


Fig.  541. — Transporta- 
tion Board  in  Usk. 
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SO  that  it  will  readily  conform  to  the  conditions  that  prevail  where  it  is  to 
be  used,  and  the  other  required  features  may  be  enumerated  as:  lightness 
in  weight;  strength;  economy  in  storage;  cheapness  in  construction; 
cleanliness;  rapidity  in  securing  patients;  and  adaptability  to  varied 
conditions  or  requirements. 

There  are  two  stretchers  now  used  in  the  United  States  navy  which 
conform  rather  accurately  to  these  specifications:  the  **Stokes  sphnt 
stretcher'*  and  ^^the  apron  stretcher''  of  Lung.    These  are  comparable 


Fio.  542. — Apron   Stretcher,  (A)  Bottom   and  (B) 
Top  View. 


Fio.  643. — Apron  Stretcher  in  Use. 


in  meriting  approbation  on  the  grounds  indicated,  and  each  includes  addi- 
tional special  pecuUar  features  beyond  the  standard  requirements.  There 
can  be  no  doubt  that  both  are  well  adapted  to  the  purposes  of  battleship 
transportation  and  admirably  meet  the  difficulties  involved  with  a  com- 
pleteness which  none  before  them  can  claim.  As  between  these  alone, 
therefore,  should  it  be  admissible  to  indulge  a  preference.  The  "  Stokes 
splint  stretcher"  has  been  designated  the  official  stretcher  for  the  navy, 
but  for  convenience  the  ''  apron  stretcher"  will  be  described  first. 

"In  general  *the  apron  stretcher'  maybe  described  as  follows: 
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"Over  a  light  ash  frame  is  stretched  a  canvas  covering  or  bag.  One 
side  and  end  of  this  covering  is  left  open  so  as  to  allow  the  frame  to  be 
introduced,  after  which  it  is  tightly  laced  up.    This  combination  of  ashen 


^  (^ 


Ji'^L    -   _ 


YiQ.  544. — ^Apron  Strbtcheb,  Working  Drawing. 

frame  and  canvas  cover  constitutes  the  splint  base,  locally  soft  and  yielding 
to  the  body,  but  structurally  strong  and  rigid. 

"To  each  side  of  this  covering  is  secured  a  flap  or  apron  as  indicated 
in  the  drawings,  which  are  folded  over  the  body  of  the  patient  from  his 
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axilke  to  his  ankles,  if  need  be,  and  then  secured  by  hooks  and  lacings, 
quickly  fastened  in  the  same  way  as  the  ordinary  shoe-lace  is  fastened. 
At  both  ends  and  a  part  of  the  length  of  both  sides,  handles  are  placed 
by  which  to  grasp  and  lift  or  suspend  the  apparatus. 

"  In  securing  the  patient  to  this  stretcher  his  arms  may  be  left  free, 
thus  adding  to  his  sense  of  comfort,  and  he  may  be  able  to  assist  a  little 
in  his  own  transportation,  or  one  or  both  may  be  included  in  the  apron 
fastening."* 

Before  lacing  up  the  apron,  if  it  appears  desirable,  splints,  cushions, 
or  padding  of  any  kind  may  be  included,  and  it  is  maintained  that  the 
stretcher  is  adaptable  to  any  injury,  no  matter  what  its  nature,  and  that 
all  cases  can  be  transported  with  safety  and  comfort  to  the  patient  and 
ease  for  the  carrier.  Its  peculiar  recommendation  lies  in  the  facts  that 
the  material  from  which  the  frame  is  constructed  is  so  disposed  that  it 
will  not  splinter  and  thus  inflict  further  injury  if  struck  by  a  missile  and 
that  the  space  within  the  frames  and  under  the  canvas  covering  may  be  used 
for  carrying  light  articles,  such  as  surgical  supplies.  The  loaded  stretcher 
may  be  handled  by  block  and  tackle  or  whip,  and  patients  may  be  hoisted 
thus  from  one  deck  to  another  or  from  one  ship  to  another  with  perfect 
security  and  evenness  of  support. 

The  "Stokes  splint  stretcher,"  as  stated  above,  combines  all  the 
standard  requirements  which  recommend  it  to  naval  purposes,  including 
simplicity  in  construction  and  freedom  from  the  danger  of  contribut- 
ing to  the  list  of  vulnerating  missiles  by  being  splintered.  Its  com- 
mendable and  invaluable  peculiarities  lie:  first,  in  the  splint  feature, 
which  is  so  devised  that  fractures  may  be  handled — not  merely  in  a 
makeshift  manner,  but  according  to  approved  surgical  methods;  second, 
in  the  longitudinal  braces  which  serve  as  runners  when  it  is  used  as  a 
sled;  and,  third,  the  sanitary  opening,  which  meets  an  important  need 
in  those  exceptional  cases  of  prolonged  retention  in  the  stretcher. 

For  a  detailed  description  the  reader  is  referred  to  the  inventor's 
original  article.^^**  The  illustrations  (Figs.  545,  546)  show  the  character 
of  the  stretcher  sufficiently  well.  It  is  enough  for  immediate  purposes 
to  know  that  the  frame  of  the  device  is  of  one-half  inch  galvanized  steel 
material,  which  insures  rigidity  and  strength;  the  body  is  wire  netting 
sufficiently  pliable  to  be  shaped  to  the  part  it  contains,  yet  rigid  enough 
for  effective  splinting,  and  with  a  mesh  suflficiently  wide  to  pass  a  bandage 
at  any  part,  so  that  after  the  netting  has  been  shaped  to  a  part  it  can  be 
fixed  there  and  an  extremity  secured  as  firmly  as  required.  Two  wide 
bands  of  canvas,  one  at  the  height  of  the  axillae,  the  other  at  the  point 
of  the  hip,  secure  the  thorax  and  pelvis  respectively.  The  fool^piece 
consists  of  a  shoe-shaped  piece  of  galvanized  steel  somewhat  wider  than 
the  foot,  with  a  linear  slot  on  each  side  for  the  passage  of  the  securing  ban- 
dage. It  is  secured  to  the  mesh  at  any  point  by  three  rigid  snap-catches, 
and  it  can  be  raised  and  lowered  in  the  leg  gutters  at  wiU.  When  not 
in  use,  it  can  be  turned  flush  with  the  sides  of  the  leg  gutters,  and  snapped 
into  the  mesh  in  that  position.  It  is  considered  a  very  important  part 
of  the  apparatus.    In  the  two  leg  gutters  we  have  two  wire  gauze  splints 
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and  with  the  adjustable  foot-piece  two  complete  fracture  boxes  as  well. 
The  device  weighs  about  twenty  pounds,  is  eighty  inches  long,  twenty 
inches  wide  at  the  shoulder,  and  eight  inches  deep  throughout.  The 
dimensions  vary  from  this  largest  size  just  enough  so  that  the  stretchers 
may  be  nested  in  sets  of  three,  requiring  comparatively  small  stowing  space. 
The  splint  stretcher  has  maintained  its  prestige  through  a  long  series 
of  thorough  tests,  and  its  adoption  by  the  army  and  by  the  navy  for 
ship  use  is  ample  evidence  of  its  superior  merits.    '^It  can  be  used  as  a 


Fio.  546. — Splint  Stretcher  in  Use. 


Fig. 


546. — Spunt  Stretcher,   (A)  Bottom  and 
(B)  Top  View,  Also  Nested. 


stretcher,  as  a  sled,  and  can  be  slid  down  ladders  from  one  deck  to  another 
with  little  or  no  discomfort  to  the  patient.  Supported  by  a  tackle  hook, 
it  can  be  up-ended  with  ease,  and  in  that  position  a  patient  can  be  safely 
put  over  the  side  or  be  sent  below  through  hatches.  When  the  splint 
stretcher  is  in  a  perpendicular  position,  the  patient  can  keep  away  from 
the  perineal  fold  by  putting  his  weight  on  the  foot-piece  on  the  uninjured 
side.  In  case  both  legs  are  injured  (or  the  patient  is  other\^ise  beyond 
helping  himself)  a  bandage  passed  behind  the  neck  over  the  shoulder 
and  under  the  arms,  and  secured  to  the  mesh,  clears  the  perineum."^^** 
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In  all  of  these  different  forms  of  transportation  the  splint  stretcher  gives 
a  sense  of  perfect  support  and  guarantees  safety  and  comfort  as  well  as 
the  best  attainable  surgical  results.  A  drill  adapted  to  its  use  for  one, 
two,  three,  and  four  bearers  has  been  formulated  and  is  now  being  taught 
at  the  Naval  Medical  School. 


HOSPITAL  SHIPS. 

General  Comment. — The  idea  of  hospital  ships  as  integral  units 

in  our  fleets  is  by  no  means  a  new  conception.    The  possible  services  of 

such  an  auxiliary  in  peace  and  war  were  recognized  at  a  period  long 

antedating  their  adoption,  and  while  their  importance  is  conceded  by  all 


Fio.  647.— U.  8.  8.  "Reuef"  (Hospital  Ship). 

countries,  they  have  probably  not  yet  reached  their  highest  perfection, 
or  unquestionably  established  their  position  in  relation  to  belligerent 
forces — indeed,  they  have  hardly  been  accorded  a  fair  Opportunity  to 
establish  their  right  of  presence  on  all  occasions  of  the  larger  movements, 
in  spite  of  the  fact  that  arguments  for  their  existence  are  both  human- 
itarian  and  military.  One  of  their  most  important  functions  has,  how^- 
ever,  been  definitely  settled  through  experience  in  the  wars  of  1894-95, 
1898,  and  1904-05;  viz.,  their  attendance  upon  naval  engagements;  and 
as  this,  by  its  very  nature,  embraces  the  necessity  of  their  presence  in 
squadron  in  times  of  peace,  if  for  no  other  purpose  than  drills,  we  must 
believe  that  their  ultimate  complete  recognition  is  assured. 

Hereafter  in  naval  wars  the  hospital  ship  will  continue  to  be  an  in- 
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creasingly  essential  part  of  the  properly  organized  fleet,  and  the  old-time 
practice  of  retaining  and  imperfectly  caring  for  the  seriously  wounded 
on  board  the  fighting  ships  by  this  means  may  be  exchanged  for  removal 
to  a  vessel  flying  the  Red  Cross  flag  and  fitted  with  every  modem  appliance 
for  life-saving  and  the  comfort  of  the  stricken."** 

Furthermore,  this  transfer  to  hospital  shijDS  becomes  imperative  for 
military  reasons,  and  it  should  be  effected  as  soon  and  as  often  as  oppor- 
tunity occurs,  so  as  to  leave  the  men-of-war  unhampered  and  fit  to  engage 
the  enemy  at  the  shortest  notice  and  \mder  the  most  favorable  circum- 
stances.^** In  the  future  movements  of  the  ship  the  captain  must  con- 
sider the  number  of  wounded,  even  though  the  nimiber  is  not  so  great 
as  seriously  to  embarrass  navigation.^    The   circumstances  of  naval 


Fio.  548.— Berth-deck  Ward,  U.  S.  S.  "Relief.' 


warfare  are,  to  say  the  least,  not  favorable  for  a  ship  to  seek  a  port, 
and,  failing  any  relief  at  sea  for  a  crippled  crew,  the  fighting  ship  must 
perforce  give  up  much  of  her  valuable  space  for  hospital  purposes,  de- 
pending on  the  number  of  casualties,  and  thus  inevitably  impair  her 
offensive  and  defensive  power.^ 

The  Model  Hospital  Ship.— The  U.  S.  S.  "Relief,"  the  hospital 
ship  of  the  United  States  navy,  excellent  as  it  is  in  many  respects,  rep- 
resents an  adaptation,  and  from  the  aspect  of  a  model  is  decidedly 
wanting.  "  It  must  be  understood  that  it  is  no  more  possible  to  take  any 
old  ship  and  convert  her  into  a  model  hospital  ship,  than  it  is  to  take  an 
old  house  and  make  a  model  hospital  ashore.    As  certain  constructions 


1070  NAVAL  SURGERY. 

are  designed  and  fitted  for  distinct  purposes,  so  a  hospital  ship  should 
be  specially  designed  and  built  from  the  beginning  with  the  single  idea  that 
it  is  for  hospital  purposes  and  nothing  else/'^^  Nor  is  it  possible  suddenly 
to  transform  a  merchant  ship  in  the  moment  of  emergency;  but  if  there 
are  enough  trained  hospital  ships  in  commission  to  meet  peace  demands, 
the  delay  in  the  fitting  of  others  need  not  be  felt,  and  the  expeditious 
alterations  and  outfitting  of  these  may  be  insured  by  selecting  a  certain 
number  of  ships  of  the  merchant  marine  and  drafting  complete  plans  for 
their  conversion  ready  for  application.****  The  plans  of  the  U.  S.  S. 
'*  Relief"  are  given  for  purposes  of  study  and  may  be  compared  with  the 
accompanying  proposed  plan  designed  by  Surgeon  C.  F.  Stokes  of  the 
navy,  which  is  f)erhaps  one  of  the  best.  It  is  to  be  observed  that  "in 
Stokes'  plan  the  engine  and  firerooms  are  situated  well  aft;  the  idea 
being  to  leave  free  unobstructed  space  forward  and  to  remove  the  heat 
and  dirt  of  engine-rooms  as  far  away  as  possible.''*^^ 

A  detailed  description  of  the  construction  and  interior  arrangements 
of  a  type  hospital  ship  is  impossible  here;  but  in  general  the  following 
points  present  themselves  for  careful  consideration:  To  be  efficient  she 
should  be  aseptically  constructed  throughout,  with  hull  of  iron  or  steel, 
of  sufficient  size  (4000  to  8000  tons)  to  give  stability  and  high  freeboard 
and  to  accommodate  not  less  than  200  patients,  and  should  have  a  speed 
that  will  enable  her  to  keep  up  with  the  fastest  squadron;  her  accom- 
modations must  contemplate  sick  officers  and  men  (wards  with  the  usual 
adnexa  for  cases  of  a  surgical,  medical,  and  infectious  or  contagious  char- 
acter) ,  officers  and  crew  of  the  ship,  and  complete  medical  staff ;  her  fittings 
must  include  dynamos,  distilling  apparatus,  ample  ventilating,  lighting, 
and  heating  facilities,  sanitary  arrangements  (baths,  water-closets, 
dead-room,  disinfecting  plant,  and  laundry),  ice  machines  and  cold 
storage,  a  spacious  operating  room  with  adjoining  accessories  (sterilizing 
room,  x-ray  room,  electro-therapeutic  and  photographic  room,  etherizing 
and  recovery  rooms),  dressing-room,  chemical  and  bacteriologic  labor- 
atories, dispensary,  dental  room,  repairing  room  for  instruments,  store- 
rooms, specially  constructed  boats,  and  convenient  means  for  the  expedi- 
tious, safe,  and  comfortable  transportation  of  the  sick  and  injured  from 
or  to  other  ships  and  to  different  parts  of  the  hospital  ship,  which  latter 
should  include  a  light-running  elevator,  built  amidships  from  the  hold  to 
the  hurricane  deck;  her  equipment  must  comprise  the  complete  furnishing 
and  instrumentation  of  all  the  above  enumerated  divisions  with  a  view 
to  treating  all  manner  of  cases.  In  short,  the  idea  in  fitting  up  a  hospital 
ship  must  be  to  take  the  space  set  aside  for  hospital  purposes  and  equip, 
supply,  and  administer  it  largely  on  the  basis  of  a  hospital  ashore.*** 

Personnel. — The  medical  staff  will  be  composed  of  surgeons  for 
both  general  and  special  work,  a  dental  surgeon,  a  pharmacist,  hospital 
stewards,  apprentices  (nurses),  first  and  second  class,  instniment  repairer, 
and  specially  qualified  cooks.  The  number  of  these  will  vary  in  times 
of  peace  and  war,  but  never  should  the  hospital  personnel  fall  below  such 
a  running  force  as  will  maintain  the  standard  of  organization  and  lend 
itself  to  sudden  and  efficient  augmentation. 
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The  officers  and  crew  concerned  in  the  navigation  of  the  ship  must  be 
obtained  from  the  merchant  marine,  and  no  officers  and  men  of  the  com- 
batant force  in  the  naval  service  should  be  allowed  to  serve  in  these  ships."** 
First,  because  it  would  raise  the  question  of  conffict  with  the  Hague 
agreement;  second,  because  naval  officers  find  their  greatest  need  in  the 
fighting  Hne;  third,  because  the  use  of  the  international  signaUng  code 
on  hospital  ships  obviates  any  need  of  their  presence.^ 

Duties  and  Working  of  Hospital  Ships,— In  Peace.— There 
is  hardly  a  need  to  discuss  the  functions  of  a  hospital  ship  in  time  of 
peace.  The  advantage  accruing  from  services  which  they  can  render 
must  be  apparent  to  all  medical  men  who  understand  battleship  conditions 
of  the  present  day.  Aside  from  the  opportunity  which  peace  offers  for 
becoming  acquainted  with  their  interior  administration  and  general 
duties  as  a  ship,  with  a  view  to  greatest  efficiency  in  emergencies,  there 
are  well-defined  service  needs  which  they  would  fulfil.  Their  presence 
in  squadron  would  act  to  admit  the  reduction  of  the  space  on  all  fighting 
ships  now  necessary  for  the  proper  care  of  the  sick  and  injured;  they 
would  represent  economy  to  the  government  in  the  transportation  of  the 
permanently  or  indefinitely  disabled  to  base  hospitals,  the  minimizing 
of  permanent  invalidism  and  pension  drains  through  the  offer  of  satis- 
factory treatment,  and  the  earliest  return  of  those  temporarily  disabled 
to  their  regular  stations  on  the  ships  of  the  squadron,  with  consequent 
reduction  of  existing  necessarily  frequent  transfers  and  maintenance  of 
efficiency  by  the  preservation  of  those  trained  to  certain  duty  on  the 
different  ships;  they  would  free  the  squadron  commander  of  an  ofttimes 
inconvenient  and,  indeed,  actually  disabling  dependence  upon  base 
hospitals,  by  giving  him  his  own  floating  hospital  as  an  auxiliary  to  ac- 
company him  in  all  movements  and  relieve  him  from  more  than  momentary 
consideration  of  the  sick  in  prosecuting  his  military  exercises;  they  would 
serve  to  relieve  all  anxiety  concerning  a  ship's  crew  upon  the  development 
of  a  contagious  or  infectious  disease,  and  would  thus  secure  the  integrity 
of  the  fleet;  they  would  serve  as  supply  depots  from  which  to  replenish 
surgical  supplies  on  the  battleships;  in  short,  they  would  furnish  a  means 
by  which  independently  to  maintain  the  personnel  of  the  squadron  in  a 
state  of  highest  physical  condition,  and  further,  they  would  offer  asylum 
to  the  seriously  sick  or  otherwise  disabled  and  miUtarily  useless  members 
of  the  crew  up  to  the  last  moment  before  battle,  thus  clearing  the  spaces 
required  for  the  accommodation  of  those  injured  in  battle,  and  leaving 
the  ship's  medical  staff  free  to  devote  all  their  energies  to  those  wounded 
in  action.*®^ 

In  War. — ^This  subject  opens  up  a  broad  field  for  discussion,  touching 
upon  their  safety,  the  question  of  possible  interference  with  the  combat- 
ing ships,  and  the  requirements  of  international  law.  The  part  that  the 
hospit^  ships  should  take  and  their  positions  have  not  been  definitely 
established,^**  but  there  are  a  few  recognized  obligations  and  niles  of  con- 
duct, independent  of  all  mooted  points,  which  help  to  determine  their 
movements.  First,  they  must  not  be  the  cause  of  hindering  or  prolonging 
battle,  which  up  to  the  decisive  moment  is  the  only  question  of  importance 
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at  the  time.  Second,  no  commanding  officer  can  guarantee  or  even  con- 
sider the  safety  of  the  hospital  ships  during  the  maneuvers  of  his  ship  or 
fleet,  and  they  must  keep  outside  the  danger  zone.  Third,  the  hauling 
down  of  the  flag  must  be  regarded  as  the  only  signal  which  hospital  ships 
can  respond  to,  as  until  then  the  adversary  can  permit  no  interference  by 
neutrals.*'  Nevertheless,  during  an  engagement,  whether  of  a  running 
nature  or  of  opposing  squadrons  circling  round  each  other,  the  hospital 
ship  with  superior  speed  as  a  sine  qua  non^^  must  follow  and  keep  as  con- 
stantly in  touch  with  the  belligerent  ships  as  the  attending  conditions 
will  permit,  and  be  prepared  to  respond  to  orders  from  the  admiral  or  to 
go  rapidly  to  the  assistance  of  a  sinking,  burning,  or  otherwise  disabled 
ship  which  has  been  left  isolated  or  has  retreated  beyond  the  line  of  fire. 

After  Battle. — However  surrounded  by  a  haze  of  uncertainty  the 
conduct  of  a  hospital  ship  during  battle  may  be,  there  can  be  no  doubt 
or  hesitancy  as  to  her  duty  at  the  conclusion  of  battle.  Then  the  principles 
of  humanity  immediately  prevail — ^then  the  governing  conditions  are  of  a 
less  variable,  trying,  and  complex  nature — then  the  unquestioned  moment 
for  intervention  has  come  and  the  work  of  rescue  must  be  pursued  with 
system  and  celerity.  It  is  presumed  that  the  hospital  ships  of  the  victor- 
ious side  would  go  to  their  own  men-of-war  first,  and  the  enemy's  ships 
after  that  in  rotation,  according  to  the  needs  of  the  particular  ship,  though 
any  ship  so  damaged  as  to  be  in  imminent  danger  of  sinking,  regardless 
of  side,  in  the  concluded  hostilities,  would  naturally  and  properly  claim 
the  first  benefactions  of  the  hospital  ship.  And  now,  having  collected 
the  wounded  to  the  limit  of  their  capacities,  the  indication  is  clear  that 
while  continuing  the  work  of  fullest  reUef  to  the  injured  they  must  make 
"  all  speed  to  the  nearest  shore  hospital,  and  having  landed  their  cases, 
rejoin  their  squadrons  without  loss  of  time."**^ 

Transportation. — The  debarkation  of  the  wounded  requires  special 
provisions  by  various  devices,  according  to  the  stage  of  the  process 
of  transportation.  But  though  small  boats  constructed  with  particular 
reference  to  cot  and  litter  transportation  must  be  included  among  the 
provisions,  there  should  also  be  some  method  for  rapidly,  safely,  and  com- 
fortably transferring  the  patients  without  them.  Perhaps  the  most 
elaborate  and  elegant  yet  seemingly  feasible  method  is  that  contemplated 
in  the  "Stokes  apparatus  for  transferring  the  wounded  at  sea,"  which 
proposes  to  effect  the  transportation  by  means  of  a  wire  rope  hawser, 
guiding  Unes,  an  adjustable  sheave,  an  electric  winch,  a  weight  for  taking 
up  slack,  and  a  transferring  car,  the  splint  stretcher  supported  by  a  wheeled 
rod  serving  admirably  as  a  transferring  car.  This  apparatus  is  to  be 
operated  after  the  manner  of  all  similar  overhead  trolley  carriages,  and 
the  connection  with  the  ship  to  be  assisted  is  accomplished  by  means  of  the 
coast  life-saver's  rocket.  The  component  parts  of  this  simple  apparatus 
are  to  be  had  out  of  the  usual  equipment  of  every  sea-going  ship,  so  that  it 
may  be  improvised  if  need  be;  but  should  experience  prove  the  method 
to  be  practicable,  the  necessar>'  gear  for  this  specific  purpose  should  be 
assembled  complete  at  a  fixed  place  on  every  hospital  ship  ready  for 
immediate  use  by  a  crew  drilled  to  its  intelligent  manipulation. 
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Other  methods  will  have  to  be  employed  and  preparation  for  the 
occasion  when  they  may  be  needed  must  be  made.  For  receiving  and 
transferring  patients  over  the  sides  of  the  ship/^  davits  and  cranes  and 
outboard  hatches  and  cargo  ports  are  required.  The  slightly  wounded 
and  those  able  to  walk  may  use  the  gangway  and  thus  effect  their  own 
transfer.  Stretcher  cases  can  be  carried  directly  through  the  cargo  ports, 
by  the  use  of  a  little  staging,  or  suspended  horizontally  or  vertically  on 
pulley  and  tackle  from  a  small  crane  and  lowered  to  the  boats  or  lighters, 
or  hoisted  to  the  deck,  with  ease  and  safety.  Or,  again,  large  platforms" 
sufficient  in  size  to  hold  two  or  more  stretchers,  and  with  a  guard-rail, 
may  be  suspended  by  ropes  and  swung  clear  of  the  ship's  side  and  lowered, 
or  hoisted  and  swung  inboard  sufficiently  to  deliver  the  patients  fairly  on 
deck.  When  necessary,  small  winches  could  be  used  to  work  the  cranes. 
In  some  instances  it  will  be  convenient  for  the  bearers  to  carry  stretcher- 
borne  patients  up  or  down  the  gangways. 

Surgical  Prog;ram« — As  soon  as  the  first  cases  have  been  trans- 
ferred to  the  hospital  ship  the  work  of  thorough  relief  and  more  careful 
dr^sing.  where  first  aid  only  has  been  rendered,  should  be  instituted  by 
those  of  the  medical  staff  free  to  engage  in  operation,  and  from  that 
moment  and  until  the  destined  port  of  discharge  has  been  reached  this 
reUef  must  be  unfalteringly  carried  on.  Wounds  must  be  properly  ex- 
amined, diagnoses  made,  and  all  indications  met  with  a  strict  observance 
of  the  rules  of  asepsis  or  antisepsis.  Search  for  shell  fragments,  foreign 
bodies,  and  fractures,  must  be  made  early  and  the  x-ray  employed  as 
common  routine.^  In  the  performance  of  this  important  work  system 
is  absolutely  necessary,  as  it  conduces  to  thoroughness  and  expedition, 
which  in  turn  mean  justice  to  the  patient  and  economy  of  time.  The 
examination,  description  of  case,  completion  of  record  (including  drawings, 
photographs,  and  radiographs),  the  preparation  of  the  field  of  operation, 
the  anesthetizing,  the  operation,  the  dressing — all  must  be  carried  on  with 
that  quiet  despatch  and  methodic  regularity  which  so  eloquently  attest 
efficient  administration  and  professional  ability,  and  are  so  capable  of 
accomplishing  large  tasks. 
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CHAPTER  LXVIII. 
TROPICAL  SURGERY. 

By  Walter  D.  McCaw,  M.D., 

CNITED  STATES  AUIT. 

GENERAL  CONDITIONS  AFFECTING  SURGERY  IN  THE  TROPICS. 

It  is  essential  that  the  surgeon  undertaking  to  practise  his  profession 
in  any  hot  country  should  study  the  effect  of  climate  and  environment 
upon  his  clientele,  especially  the  differences  existing  in  this  respect  be- 
tween the  dark-skinned  natives  of  the  place  and  the  colonists  or  sojour- 
ners of  European  blood.  He  must  understand  and  be  able  to  recognize 
symptoms  of  many  pathologic  conditions  which  are  seldom  or  never  seen 
in  temperate  regions,  but  which  in  the  tropics  may  vitally  affect  surgical 
diagnosis  or  the  results  of  operative  procedure.  He  must  also  have  a 
practical  knowledge  of  whatever  difficulties  exist  in  obtaining  the  excel- 
lent material  and  the  same  efficient  assistance  considered  so  necessary  in 
well-conducted  surgical  operations  at  home.  These  are  points  of  funda- 
mental interest  in  his  practice  as  a  general  surgeon,  beyond  which  he 
must,  of  course,  be  governed  by  the  same  principles  of  surgical  diagnosis 
and  treatment  as  elsewhere  in  the  world,  for  there  is  little,  if  any,  special 
surgery  of  the  tropics. 

"Tropical  diseases"  have  come  to  mean,  in  general  usage,  not  only 
the  few  maladies  which  exist  in  the  torrid  zones,  and  there  alone,  but  also 
the  diseases  which  from  any  cause  are  found  most  often  in  hot  regions, 
and  are  seldom  seen  in  the  civilized  countries  of  the  temperate  zones. 
This  last  class  is  a  very  large  one  and  includes  many  of  the  great  infectious 
diseases  which  have  prevailed  in  the  past  in  all  climates,  and  even  now 
appear  occasionally  in  epidemic  form  far  from  their  permanent  homes. 
ITius,  cholera  and  bubonic  plague  have  come  to  be  considered  "  tropical 
diseases,"  as  the  best  conditions  for  the  maintenance  of  endemic  centers 
exist  in  the  torrid  zones  or  in  the  neighboring  subtropical  regions. 

Leprosy  also,  with  the  exception  of  a  few  limited  districts,  now  pre- 
vails only  in  warm  countries,  where  its  continued  existence  probably 
depends  on  racial  and  social  factors,  rather  than  upon  climate  or  meteor- 
ologic  conditions.  Malarial  fevers,  certain  forms  of  dysentery,  diar- 
rheal complaints,  and  many  common  parasitic  diseases  assume  much 
greater  importance  in  the  eyes  of  the  practitioner  in  the  tropics  than 
elsewhere. 

The  diseases  that  are  entirely  non-existent  outside  of  the  tropics  are 
quite  limited  in  number,  and  of  these  very  few  have  any  distinct  surgical 
interest. 
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The  Influence  of  Climate,— The  effect  of  tropical  climate  upon 
the  physical  and  mental  condition  of  white  colonists  has  been  the 
subject  of  much  study  by  competent  observers  belonging  to  the  various 
great  colonizing  nations  of  the  world.  It  is  fully  recognized  that  the 
greatest  price  paid  for  colonial  power  has  been  the  enormous  loss  of  life 
and  health  attending  the  establishment  of  settlements  in  hot  countries, 
especially  when,  as  is  generally  the  case,  military  operations  are  under- 
taken. For  a  long  time  this  mortality  and  chronic  invalidism  were 
credited  to  climate  alone,  but  in  the  light  of  our  modem  knowledge  of 
disease  causation  and  disease  prevention,  much  of  the  apprehension 
attending  tropical  life  has  disappeared,  as  it  is  now  known  that  the  white 
man's  life  and  health  are  infinitely  more  endangered  through  infectious 
diseases  transmitted  directly  or  indirectly  from  man  to  man  than  through 
meteorologic  conditions.  This  is  an  encouraging  fact,  as  self-protection 
against  infection  is  always  in  a  measure  possible,  but  against  a  perma- 
nently high  temperature  and  an  atmosphere  reeking  with  eternal 
moisture  little  defense  can  be  offered. 

There  are  wide  variations  of  climate  within  the  rather  indefinite 
limits  of  that  part  of  the  earth's  surface  we  call  "tropical."  Regions 
where  the  annual  mean  temperature  is  65°  or  above,  at  sea-level,  are, 
roughly  speaking,  those  where  tropical  vegetation  and  animal  life  are 
found,  where  the  original  inhabitants  are  dark-skinned,  and  where  tropical 
diseases  flourish.  The  isothermal  lines  are  not  identical  with  parallels 
of  latitude,  but  curve  irregularly  from  or  toward  the  earth's  equator. 

The  characteristics  of  tropical  climate  which  make  it  inimical  to  the 
health  of  white  men  are  primarily  two  in  number:  the  high  temperature 
of  the  air  and  its  great  humidity.  Where  there  is  but  slight  seasonal 
change  and  these  two  conditions  are  present  all  the  year  round,  the  climate 
is  almost  unbearable  to  those  of  European  blood. 

On  the  equator,  and  for  10  or  12  degrees  north  or  south,  there  are 
four  seasons,  but  no  marked  differences  between  them.  There  is  a  mean 
temperature  of  about  80°  and  constant  humidity  with  excessive  rainfall. 
The  equal  length  of  day  and  night,  and  the  constant  humidity,  which  inter- 
feres with  radiation,  prevent  those  differences  in  sea  and  land  temperatures 
which  are  necessary  to  produce  the  inland  breezes,  so  that  hot  damp  days 
are  followed  by  hot  damp  nights  throughout  the  entire  year. 

Outside  of  the  equatorial  belt  there  are  tropical  and  subtropical 
regions  characterized  by  two  distinct  seasons :  a  long  hot  summer,  including 
a  well-marked  rainy  season,  and  a  short  dr>'  winter,  when  the  weather 
is  delightful.  As  the  subtropical  belts,  north  and  south,  begin  to  merge 
into  temperate  regions,  areas  of  great  aridity  are  found  in  both  hemi- 
spheres, and  in  these  desert  lands  the  heat  is  usually  intense  by  day,  while 
the  nights  are  by  contrast  very  cold.  The  greater  the  distance  from  the 
equator,  the  greater  is  the  range  of  temperature  for  warm  climates;  and 
thus  the  maximum  temperature  of  subtropical  or  even  temperate 
lands  may  greatly  exceed  the  maximum  on  the  equator,  although,  owing 
to  the  greater  range,  the  mean  temperature  is  much  lower. 

The  eternal  heat  on  the  equator  or  the  relatively  long  summers  in 
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subtropical  countries  affect  adversely  the  health  of  members  of  the  white 
race  on  account  of  the  duration  of  the  hot  weather,  rather  than  the  in- 
tensity of  heat,  but,  after  all,  the  moist  heavy  atmosphere  is  by  far  the 
most  dangerous  as  it  is  the  most  unpleasant  climatic  feature.  It  is  at 
sea-level  that  heat  and  humidity  are  most  constant,  and  therefore  cause 
most  suffering.  Elevated  regions,  even  in  the  equatorial  belt,  may  have 
climates  both  delightful  and  wholesome  for  Europeans.  The  great 
plateau  of  Mexico  is  an  ideal  summer  climate  well  within  the  tropics. 
During  the  rainy  season  showere  occur  daily  in  the  afternoon  only,  while 
the  mornings  are  sunny  and  mildly  warm.  The  summer  residences  of 
European  governors  in  India  and  in  Java  are  healthful  refuges  for  the 
white  women,  children,  and  invalids  from  the  lowlands,  and  Americans 
in  the  Philippine  Islands  thrive  in  the  highlands  of  Benguet  or  the  moun- 
tain stations  of  Mindanao. 

Arid  countries  are,  generally  speaking,  healthful  for  the  white  race, 
for  both  heat  and  cold  are  well  bome  in  the  dry  air  of  a  desert  when  care 
is  taken  to  guard  against  the  sudden  alternations  of  day  and  night  temper- 
atures. At  sea-level  the  littoral  climate  is  generally  better  than  at 
places  inland  because  of  the  sea  breezes  at  night.  Small  islands  are  also 
cooler  in  hot  seasons  than  the  neighboring  mainland.  White  residents 
of  the  tropics  bear  high  temperature  well  wherever  there  is  respite  through 
cool  nights  or  fairly  brAcing  winters,  but  they  are  bound  to  suffer  in  health 
when  heat  and  humidity  are  constant. 

When  the  air  exceeds  or  even  approaches  the  normal  blood  heat  of 
98.4°  F.,  and  contains  watery  vapor  not  far  from  the  point  of  saturation, 
thus  checking  surface  evaporation,  it  takes  but  little  to  produce  a  febrile 
condition.  Slight  exertion  or  even  the  ingestion  of  food  and  drink  are 
followed  by  profuse  perspiration  which  does  not  evaporate  and  cool  the 
body  as  it  should.  Food  material  which  ought  to  be  oxidized  for  the  pro- 
duction of  body-heat  is  not  needed  and  must  be  merely  excreted,  with 
the  result  that  the  eliminating  organs  of  the  body,  the  liver  and  kidneys, 
are  overworked.  The  pulse  loses  force  and  frequency  and  the  arterial 
tension  is  lowered  as  a  result  of  excessive  perspiration.  Respiratory 
action  is  decreased,  for  while  there  is  indeed  an  increase  in  lung  capa- 
city noticed  in  newcomers  to  the  tropics,  it  is  not  permanent,  and  heated 
air  being  deficient  in  oxygen,  the  system  of  the  white  man  does  not  receive 
the  oxygen  it  is  used  to  and  needs.  The  bodily  nutrition  therefore  suffers, 
both  red  cells  and  hemoglobin  being  considerably  reduced,  with  a 
resulting  anemia.  In  spite  of  the  enormously  increased  amount  of  water 
ingested  by  most  white  people  in  the  tropics,  the  amount  of  urine  ex- 
creted is  relatively  small.  The  skin  eliminates  water  to  such  an  extent 
that  it  is  an  ordinary  occurrence  for  a  soldier  on  the  march  in  the  tropics 
to  find  his  urine  nearly  suppressed,  and  to  pass  with  considerable  diffi- 
culty a  few  drops  only  of  scalding  and  high-colored  urine  until  rest  and 
plenty  of  water  restore  normal  conditions.  Some  individuals  indeed, 
with  chronic  kidney  troubles,  find  tropical  life  distinctly  beneficial  to  their 
crippled  organs  on  account  of  this  vicarious  action  of  the  skin. 

The  digestive  fluids  of  the  body  also  suffer  a  decrease,  with  the  result 
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that  disturbances  of  digestion,  such  as  flatulence,  gastric  distress,  consti- 
pation, or  slight  diarrhea,  are  to  be  constantly  expected,  the  sufferers 
by  no  means  regarding  themselves  as  invalids,  but  taking  their  tonics 
and  liver  pills  as  a  matter  of  course.  The  liver  is  nearly  always  over- 
stimulated  in  Europeans,  with  their  habits  of  too  liberal  eating  and  drinking, 
and  this  leads,  as  will  be  demonstrated  later,  to  serious  diseases,  while 
torpid  liver  is  common  to  all.  The  excessive  perspiration  during  the  hot 
weather  is  accompanied  by  prickly  heat  or  other  annoying  skin  lesions 
which  really  cause  much  suffering,  as  sleep  is  disturbed,  and  the  well- 
known  nervous  irritability  of  white  men  in  the  tropics  is  often  due  to 
this.  The  immediate  environment  in  tropical  countries  is,  however, 
after  all,  of  much  greater  moment  to  the  health  of  the  white  race  than  any 
variations  of  heat  or  moisture.  The  local  sanitary  conditions  as  to 
drainage,  disposal  of  filth,  density  of  native  population,  purity  of  the 
water  for  drinking,  sufficiency  of  suitable  food,  and,  above  all,  liability 
to  special  infections  are,  on  the  equator  as  elsewhere  in  the  world,  the 
main  factors  in  the  public  health. 

It  may  be  accepted  without  question  that  the  dark-skinned  natives 
of  hot  countries  are  not  injured  by  purely  climatic  conditions  and  that 
the  hot,  moist  air  so  trying  to  Europeans  is  for  them  entirely  suitable. 
With  the  white  residents  it  is  different;  they  may  be,  it  is  true,  acclimated 
to  such  an  extent  that  they  are  apparently  unaffected  by  the  climate, 
having  reached  a  certain  standard  of  health  which  may  be  considered 
normal,  although  they  do  not  eat  or  sleep  quite  as  well  as  at  home  and 
are  unable  to  work  or  think  with  the  same  vigor  and  sense  of  enjojrment. 
Others  are  subject  to  certain  common  complaints,  nervous,  intestinal, 
etc.,  which  really  make  them  semi-invalids,  though  not  allowed  to  keep 
them  from  their  work.  A  very  few,  without  nerves  and  of  iron  mold, 
will  retain  their  vigor  of  body  and  mind  apparently  regardless  of  temper- 
ature or  season. 

Food  and  Habits  of  Natives  and  Europeans.— The  old  white 
settler  in  the  tropics,  he  who  has  best  become  acclimated,  profits  by 
his  knowledge  of  native  customs  pertaining  to  eating  and  drinking, 
clothing  and  housing.  He  has  the  immense  advantage  over  the  native 
in  that  he  knows  or  is  able  to  understand  the  reasons  for  customs  in  diet 
and  daily  life  which  have  been  acquired  by  the  native  people  by  the  ex- 
perience of  centuries,  but  for  which  they  could  give  no  valid  reason.  He 
is  thus  able  to  adopt  what  is  best  and  improve  upon  it.  The  staple  food 
of  a  people  is  sure  to  be  the  best  and  most  nutritious  available,  although 
the  native  manner  of  preparing  it  may  not  appeal  to  the  esthetic  sense 
or  to  the  palate  of  the  white  foreigner.  We  generally  find  that  the  white 
men  in  the  tropics  have  adopted  many  of  the  dietary  articles,  and  that 
they  are  wise  in  so  doing.  At  the  same  time  it  does  not  follow  that  the 
native  dietary  is  an  ideal  one  even  for  themselves,  much  less  is  it  apt  to 
be  suitable  in  its  entirety  for  those  of  European  blood,  with  their  in- 
herited appetites.  The  absence  of  many  articles  of  food  to  which  the 
white  settlers  are  accustomed  at  home  is  a  fertile  source  of  ill  health  to 
the  newcomers.    But  to  carry  on  the  European  or  American  habit  of 
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eating  three  heavy  meals  a  day,  with  an  excess  of  nitrogenous  food,  and 
more  particularly  to  indulge  in  alcoholic  stimulants  to  the  extent  custom- 
ary in  temperate  climates,  are  still  more  surely  followed  by  disaster.  With 
the  natives  of  hot  countries  over-indulgence  in  the  pleasures  of  the  table 
is  rare;  on  the  contrary,  poverty  is  often  the  cause  of  such  enforced 
frugality  that  the  population  as  a  whole  is  underfed  and  sickly.  In  in- 
vestigating the  general  health  of  the  clientele  upon  which  he  is  to  prac- 
tise, the  practitioner  in  the  tropics  soon  finds  out  that  both  natives  and 
white  men  have  certain  advantages  and  disadvantages  as  subjects  for 
surgical  treatment. 

The  Europeans  are  apt  to  be  below  par  in  health,  to  be  more  or  less 
nervous  and  irritable.  They  are,  however,  usually  living  under  better 
hygienic  conditions  than  the  natives  because  they  themselves,  or  the 
health  authorities  thinking  for  them,  understand  the  reasons  therefor, 
and  are  in  sufficiently  good  circumstances  to  obtain  the  best  food  and 
comforts.  Most  important  of  all,  the  white  man  seeks  professional  advice 
as  soon  as  possible,  as  his  health  is  ever  present  in  his  thoughts.  He  is 
not  as  obedient  a  patient  as  the  native,  but  is  more  reasonable,  and  is  free 
from  superstitious,  religious,  and  caste  prejudices  which  are  the  despair 
of  physicians  practicing  upon  Orientals. 

The  natives  of  moderate  circumstances  are  in  normal  health,  un- 
affected by  the  climate,  and  without  nervous  irritability.  They  bear 
pain  stolidly  and  are  obedient  in  an  uncomprehending  way.  From  sheer 
ignorance,  however,  or  from  some  iron-clad  rule  of  religion,  custom,  or 
caste,  the  best  work  of  the  surgeon  may  be  brought  to  naught.  Operative 
measures,  especially  when  the  slightest  mutilation  is  necessary,  are  much 
dreaded,  and  generally  postponed  until  the  last  moment,  so  that  in  the 
long  run  a  more  serious  class  of  cases  is  furnished  from  the  native  popu- 
lation. The  poorer  classes  are  also  apt  to  be  in  a  very  underfed  condition 
and  have  but  slight  powers  of  resistance.  This  is  especially  the  case  with 
children,  \^ho  have  but  little  stamina. 

Shock. — The  likelihood  of  surgical  shock  in  white  and  dark-skinned 
patients  is  an  important  point  for  consideration.  Reasoning  a  prioriy 
it  would  seem  inevitable  that  the  shock  of  a  severe  injury  or  of  a  capital 
operation  would  result  fatally  more  often  to  white  men  in  the  tropics  than 
at  home,  but  as  a  matter  of  fact  there  is  no  such  great  difference.  Allow- 
ing slightly  for  the  less  robust  health  of  the  white  men,  and  their  tendency 
to  nervous  irritability,  the  results  of  capital  operations  in  hospitals  and 
under  equally  good  technic  compare  favorably  with  like  operations  in 
the  United  States.  The  tendency  to  shock  in  native  patients  differs  very 
much  in  the  various  races  and  lands.  While  the  inhabitants  of  lower 
India,  for  example,  are  said  to  bear  surgical  operations  badly,  the  reverse 
is  true  of  Malays,  Mongols,  and  negroes,  who  resist  shock  very  well.  In 
rapidity  and  completeness  of  convalescence  the  natives  of  a  country 
have  a  great  advantage.  Foreigners,  although  they  may  resist  the  effects 
of  a  hot  climate  from  their  initial  vigor,  and  by  using  their  intelli- 
gence, can  seldom  make  up  any  serious  loss  of  vitality  while  remaining  there. 
The  question  of  sending  home  a  white  patient  for  operation  often  comes  up 
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for  decision,  and  unless  time  be  not  an  important  element  in  the  case, 
it  will  generally  be  found,  all  things  considered,  that  the  best  interests  of 
the  patient  require  operation  on  the  spot,  but  with  a  long  period  for  re- 
cuperation in  his  native  land.  The  supposed  greater  danger  of  a  surgical 
operation  in  the  tropics  over  the  same  procedure  at  home  is  seldom  an 
important  enough  consideration  to  overcome  the  advantages  of  prompt 
action. 

Wound  Infection. — The  evil  results  of  wound  infection  are  neither 
more  nor  less  to  be  feared  in  tropical  lands  than  elsewhere.  A  really 
competent  surgeon  may  rely  upon  his  aseptic  technic  just  as  confidently 
in  Manila  or  Calcutta  as  in  London  or  Philadelphia.  Not  only  is  this  the 
case,  but  in  accidents  and  in  militar}-  surgery,  where  contamination  is  often 
inevitable,  proper  cleansing  and  dressing  are  followed  by  perfectly  good 
results  as  often  as  in  temperate  regions.  If  the  heat  and  moisture  of  the 
tropics  are  favorable  to  bacterial  growth,  yet  the  blazing  sun  of  the  dry 
season  is  a  powerful  germ  destroyer,  and,  as  a  matter  of  fact,  septic  and 
pyemic  conditions  are  not  particularly  common.  I  remember,  it  is  true, 
some  serious  cases  of  rapid  sepsis  following  trifling  injuries,  but  nearly 
always  in  subjects  enfeebled  by  long  residence  or  suffering  from  some 
chronic  complaint.  Wounds  contaminated  with  the  soil  of  the  filthy 
villages  in  the  Philippine  Islands  are  rather  liable  to  infection  by  the 
fatal  B.  aerogenes  capsulatus,  and  thie  possibility  of  this  must  therefore 
be  especially  kept  in  mind  there,  and  probably  in  other  hot  countries. 
Many  places  in  the  tropics,  but  by  no  means  all,  are  also  hot-beds  of 
tetanus.  It  was  predicted  by  Cubans,  before  the  invasion  of  the  island 
by  our  troops,  that  our  wounded  would  run  great  danger  of  tetanus,  but  the 
prophecy  fortunately  failed  in  the  campaign  of  Santiago  de  Cuba,  where 
the  slightly  wounded  nearly  always  recovered  under  the  first-aid  dressings 
without  sign  of  infection  of  any  kind. 

The  difficulties  of  surgical  practice  in  the  tropics  in  many  directions 
may  be  great  compared  with  the  facilities  of  European  and.  American 
cities,  but  at  least  there  is  no  climatic  reason  for  failure  of  the  recognized 
proper  procedure  in  competent  hands  to  produce  equally  good  results. 

Before  taking  up  the  diseases  of  the  tropics  that  are  of  especial  surgical 
interest  it  is  in  order  to  remark  briefly  upon  some  of  the  morbid  conditions 
which  are  so  conmion  that  their  presence  or  absence  must  be  made  a 
factor  in  the  diagnosis  in  every  patient  who  seeks  treatment. 

Anemia. — Compared  with  the  full-blooded  inhabitants  of  northern 
Europe  and  America,  the  natives  of  hot  countries  are  all  more  or  less 
anemic.  This  condition,  normal  with  them,  is  acquired  by  white  settlers 
in  the  process  of  acclimation.  Whenever,  however,  the  anemia  is  pro- 
found, the  cause  must  be  looked  for  in  the  presence  of  some  chronic  infection 
or  parasitic  disease.  A  very  common  cause  is  the  presence  of  some  of  the 
numerous  intestinal  parasites  which  are  especially  fostered  in  the  tropics 
by  climatic  conditions  and  the  racial  habits  and  customs. 

The  common  roundworm,  which  in  the  United  States  is  mostly  seen 
in  children,  is  practically  universal  in  the  tropics.  Certain  tapeworms 
are  common  enough,  especially  the  Hyroenolepis  nana,  or  dwarf  tapeworm. 
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which  our  soldiers  are  bringing  back  to  America  in  scores  of  cases.  The 
presence  of  either  of  these  parasites  may  be  associated  with  considerable 
anemia,  and  also  with  various  disturbances  of  the  digestive  organs,  the 
dwarf  tapeworm,  indeed,  often  causing  serious  choleraic  diarrhea.  An 
intestinal  worm  particularly  to  be  looked  for  in  anemic  patients  is  the 
Anchylostomum  or  hookworm  and  its  new-world  relative  Necator. 
Following  the  discovery  of  the  Necator  americanus  by  Stiles,  came 
the  announcement  of  Ashford,  in  Porto  Rico,  that  the  deadly  **  anemia'' 
of  the  island  was  really  anchylostomiasis.  This,  and  the  numerous 
reports  of  physicians  in  the  southern  States,  brings  home  to  the 
medical  profession  of  the  United  States  the  great  importance  of  taking 
this  parasite  into  consideration  as  a  possible  factor  in  every  case  of  so- 
called  " anemia,"  " malarial  cachexia,''  "general  debility," etc.,  coming 
up  for  diagnosis  in  a  warm  country.  Intestinal  parasites  may  for  a  long 
time  give  rise  to  only  slight  symptoms  in  their  host,  yet  when  he  is  weak- 
ened by  injury  or  disease  their  presence  seriously  complicates  the  prog- 
nosis; so  the  practical  lesson  for  surgeons  is  the  necessity  of  making  an 
examination  of  the  stools  of  every  patient  before  surgical  operations  are 
undertaken.  The  process  is  so  simple,  and  the  technical  knowledge  re- 
quired so  slight,  that  there  is  no  good  excuse  for  omitting  this  important 
procedure  in  any  case. 

As  for  treatment,  in  thymol  we  have,  fortunately,  a  very  effective 
means  of  getting  rid  of  hookworms;  the  dwarf  tapeworm  is  expelled  by 
male-fern  or  any  other  well-known  teniafuge;  and  santonin  is,  of  course, 
indicated  in  the  numerous  cases  where  eggs  of  the  Ascaris  are  found  in 
the  stools.  Besides  worms,  several  families  of  Protozoa  are  parasitic  in 
the  human  intestines,  but  a  consideration  of  these  wiU  be  taken  up  under 
the  head  of  tropical  dysentery.  Occasionally  the  examination  of  a  pa- 
tient's dejecta  will  disclose  an  amazing  collection  of  intestinal  inhabitants. 
I  have  in  mind  a  friend  in  Manila — an  officer  of  the  army — who  possessed 
within  himself,  and  carried  around  without  signs  of  ill  health  other  than 
moderate  anemia,  a  menagerie  consisting  of  three  varieties  of  the  worm 
family  and  two  Protozoa:  namely,  Ascaris,  Anchylostomum  duodenale, 
Trichuris  trichiura,  Cercomonas  intestinalis,  and  Amccba  coli. 

The  pathologic  conditions  and  the  infections  which  cause  anemia  in 
cold  countries  are  not  to  be  ignored  in  the  tropics,  but  the  preponderating 
influence  of  animal  parasites  as  a  cause  of  ill  health  must  always  be  borne 
in  mind. 

Malaria. — It  is  hardly  too  much  to  say  that  in  malarious  regions 
every  inhabitant  is  more  or  less  infected.  The  natives  of  such  countries, 
usually  as  children,  have  experienced  repeated  attacks  and  have  attained  a 
sort  of  immunity,  really  a  toleration,  for  the  parasites  can  very  often  be  found 
in  their  blood  and  an  occasional  outburst  is  not  uncommon.  Malaria  also 
is  a  great  factor  in  the  death-rate  of  both  children  and  adults  of  the  native 
population,  either  directly  or  indirectly,  but  such  as  have  reached  adult 
age  are  not  often  subject  to  very  severe  attacks,  and  consequently  they 
live  for  years  in  localities  deadly  to  Europeans  without  apparently  bad 
effect.    Certain  of  the  white  residents  of  the  tropics  are,  or  soon  become, 
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quite  resistant  to  the  infection,  and  after  an  attack  or  two  consider  them- 
selves "acclimated"  or  "inmiune"  to  malaria.  In  nine  out  of  ten  cases, 
however,  they  harbor  the  parasites,  which  are  only  kept  from  manifesting 
their  presence  by  paroxysms  of  chill  and  fever,  on  account  of  the  natural 
resistance  of  the  host  backed  up  by  his  habit  (universal  among  white 
dwellers  in  the  tropics)  of  taking  quinin  whenever  he  feels  a  little  unweU. 
Most  white  residents  who  have  acquired  the  malignant  malaria  of  the 
tropics  are  well  aware  that  complete  recovery  is  not  to  be  expected  without 
a  prolonged  absence  in  a  cold  country,  and  they  therefore  fight  the  disease 
off  as  weU  as  they  can  with  drugs  and  comfortable  living,  accepting  an 
occasional  exacerbation  as  a  matter  of  course.  It  is  well  understood  that, 
even  among  the  healthiest,  an3rthing  which  lowers  vitality,  such  as  ex- 
posure, injury,  overwork,  or  even  great  mental  depression,  is  apt  to  pro- 
voke a  malarial  paroxysm.  Such  a  widely  distributed  disease  is  there- 
fore of  great  importance  to  the  practising  surgeon  as  affecting  both  his 
diagnosis  of  many  supposedly  surgical  conditions  and  the  prognosis  of  his 
operative  cases. 

A  carefully  taken  history  of  every  patient,  blood  examinations,  and 
search  for  the  evidences  of  malarial  cachexia  are  necessary  before  under- 
taking operation,  and  where  time  permits  a  course  of  treatment  with 
quinin,  tonics,  and  arsenic  will  often  be  indicated.  When  malarial  fever 
occurs  after  operation,  it  is  sometimes  of  very  severe  type  and  threatens 
life  directly.  More  often  convalescence  is  retarded  and  repair  interfered 
with;  indeed,  gangrene  has  been  attributed  to  malarial  cachexia.  Even 
when  the  case  terminates  favorably  the  occurrence  of  chill  and  fever 
after  a  surgical  operation  is  a  cause  of  much  anxiety  to  the  surgeon,  well 
worth  avoiding  at  the  cost  of  a  little  trouble  at  the  beginning. 

Opium  Habit. — The  habitual  use  of  opium  by  smoking  or  swallow- 
ing is  not  a  matter  of  very  great  importance  to  tropical  surgery.  The 
habit  is  widely  spread  among  East  Indians  and  Chinese,  but  is  not  com- 
mon among  negroes  and  Malays.  The  majority  of  its  devotees  are  by 
no  means  physical  wrecks  nor  mental  perverts.  There  are  opium  drunk- 
ards among  Orientals  just  as  there  are  alcoholics  among  our  people,  but 
most  members  of  the  dark-skinned  races  can  use  the  drug  for  its  pleasant 
effects  in  moderation,  much  as  we  use  tobacco,  so  that  although  the  vice 
of  opium-taking  does  undoubtedly  seriously  affect  for  harm  the  energy 
and  usefulness  of  the  races  addicted  to  it,  it  does  not  follow  that  every 
user  is  to  be  considered  a  subject  for  medical  treatment  on  that  account 
alone.  Surgery  can  be  undertaken  upon  opium  habitues  without  fear 
of  any  special  untoward  results,  but  it  would  be  dangerous  to  withdraw 
the  drug  after  operation,  and  as  to  the  amount  to  be  allowed,  the  wisest 
plan  is  to  permit  the  patient  or  some  intimate  friend  to  furnish  it  in  such 
quantity  and  of  such  quality  as  they  see  fit.  A  white  physician  attempt- 
ing to  prescribe  opiates  to  a  suffering  Chinaman,  and  depending  upon  his 
knowledge  of  American  materia  medica,  is  apt  to  find  himself  in  a  quan- 
dary. I  remember  a  ghastly  bolo  wound  of  the  neck  in  a  Chinese  coolie 
boy  in  Luzon,  where  the  patient  struggled  fiercely  against  an  anesthetic, 
but  on  being  allowed  to  swallow  two  enormous  boluses  of  opiiun  furnished 
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by  a  sympathetic  friend  of  his  own  nationality,  underwent  the  tedious 
cleansing  and  closing  of  the  wound  without  a  murmur.  During  his 
convalescence  he  kept  a  box  of  the  pills  by  his  cot  and  partook  of  them 
at  will. 

Beri^beru — ^This  mysterious  specific  multiple  neuritis  is  common 
among  natives  of  many  warm  countries,  but  very  rare  in  white  residents. 
The  disease  presents  many  analogies  to  post-diphtheritic  neuritis,  and  in- 
deed it  is  more  than  probable  that  the  real  disease  is  a  duodenal  infection 
by  some  germ  producing  a  powerful  toxin,  and  that  the  long  train  of 
symptoms  called  beri-beri  are  those  of  a  toxic  neuritis  existing  after  the 
initial  trouble  has  disappeared.  Involving  as  it  does  the  nerve  terminals 
in  the  heart  as  well  as  elsewhere,  the  most  serious  symptoms  of  the  disease 
are  cardiac  dilatation,  myocardial  degeneration,  serous  effusion  into  the 
pericardium,  etc.  One  never  knows  just  how  seriously  the  heart  is 
affected,  but  if  that  organ  holds  out  recovery  is  assured,  even  if  the 
symptoms  have  been  alarming.  On  the  other  hand,  a  patient  with  few 
symptoms,  and  those  not  serious,  whose  convalescence  seems  certain 
frequently  dies  of  a  totally  unexpected  heart  failure.  The  invariable  rule 
should  therefore  be  to  subject  no  beri-beric  to  anesthesia  or  to  any  sort 
of  surgical  operation,  where  there  is  any  choice  in  the  matter,  and  this 
regardless  of  an  apparently  good  physical  condition.  Venesection  for  the 
relief  of  a  laboring  heart  in  acute  dilatation  or  aspiration  of  pleural  or 
pericardial  effusions  may  indeed  be  required  in  the  treatment  of  the 
disease. 

Syphilis  and  Chancroid. — In  tropical  seaports  syphilis  is  rife,  and, 
as  elsewhere,  is  a  great  factor  in  diagnosis  and  treatment.  There 
is  great  variation  in  the  severity  of  the  disease  in  different  places,  but 
although  much  has  been  written  about  its  course  in  patients  of  the  various 
races,  climate  at  least  seems  to  have  no  special  bearing  in  the  premises. 
In  the  interior,  among  people  remote  from  the  ordinary  trade  routes, 
the  disease  sometimes  does  not  exist  at  all,  and  tribes  hostile  to  the  whites 
or  holding  themselves  aloof  from  them  on  account  of  religious  or  caste 
feeling  sometimes  escape,  for  there  is  no  denying  that  the  most  gentle  and 
friendly  of  the  colored  peoples  coming  under  the  rule  of  our  race  have  been 
the  worst  sufferers.  Chancroid  is  excessively  common  and  is  the  cause  of 
many  admissions  to  the  sick  report  among  our  soldiers  in  the  Philippines. 
A  noticeable  feature  is  the  frequency  of  suppurating  bubo  in  these  cases; 
in  numerous  instances  the  initial  sore  will  have  entirely  healed  without 
leaving  a  trace,  and  yet  a  week  or  so  later  the  bubo  will  appear.  This 
undoubted  fact  has  made  it  difficult  for  army  surgeons  to  recognize  the 
existence  of  such  a  clinical  entity  as  "tropical  bubo,"  although  the  term 
is  often  seen. 

Tuberculosis* — ^This  is  rare  in  some  parts  of  the  tropics  and  very 
common  in  others.  It  affects  all  races  and  is  invariably  found  in  the 
crowded  native  quarter  of  large  cities.  White  persons  acquiring  tuber- 
culosis in  the  tropics  should  return  to  a  colder  climate,  for  where  it  is 
difficult  at  best  to  keep  oneself  in  good  physical  condition,  it  is  impossible 
to  resist  effectively  any  chronic  disease.    Army  patients  are  always 
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sent  without  delay  from  Manila  to  the  Government's  sanatorium  in  New 
Mexico.  Lupus,  and  surgical  tuberculosis  generally,  have  so  seldom 
been  reported  from  hot  countries  that  they  must  be  quite  rare.  Statis- 
tics of  morbidity,  however,  are  exceedingly  incomplete  for  the  colored 
races,  outside  of  the  United  States,  and  we  know  but  little  as  yet  con- 
cerning the  prevalence  of  some  of  the  cosmopolitan  diseases  in  the  tropics. 

Diabetes. — ^The  native  inhabitant  of  India  and  Ceylon  are  said  to 
suffer  from  diabetes  to  an  unusual  extent,  and  it  also  frequently  occurs 
among  the  Anglo-Indians.  It  has  not,  however,  been  observed  as  a 
specially  common  complaint  in  any  of  the  tropical  possessions  of  the 
United  States. 

Tumors. — Cancer  is  a  rare  disease  in  the  tropics;  indeed,  it  is  practi- 
cally never  seen  in  some  countries.  The  Mongolian  race  (the  Chinese 
especially)  is,  however,  an  exception,  and  is  very  prone  to  tumors  of  all 
kinds,  malignant  as  well  as  benign.  The  frequency  of  keloid  among  the 
black  and  yellow  races  is  very  noticeable. 

Operative  Surgery  in  the  Tropics.— While  the  results  of  surgical 
operations  are,  taking  all  things  into  consideration,  about  as  good 
in  tropical  hospitals  of  the  best  class  as  at  home,  the  practitioner  at 
remote  places  without  a  well-organized  institution  to  which  he  can 
take  his  major  operations  must  shoulder  responsibilities  of  which  surgeons 
of  our  large  cities  are  relieved.  Generally  no  consultant  of  equal  or  greater 
skill  than  himself  is  at  hand  to  share  the  burden,  often  no  trained  nurse 
is  within  a  thousand  miles,  and  the  operator  must  attend  to  preparation 
of  the  patient,  the  arrangement  and  the  sterilization  of  the  material, 
and  the  after-treatment.  The  lack  of  trained  assistance  calls  for  much 
self-reliance  and  makes  an  operation  of  any  importance  a  considerable 
tax  on  mind  and  body.  Native-bom  assistants  of  the  more  intelligent 
races  can  be  trained  to  an  automatic  obedience  in  carrying  out  the  in- 
structions of  the  surgeon,  but  can  rarely  be  trusted  to  do  any  thinking 
for  themselves. 

Anesthetics. — Chloroform  is  considered  by  the  English  surgeons  as 
particularly  adapted  for  tropical  use,  as  the  operations  are  practically 
carried  out  in  the  open  air  or  under  a  punkah,  and  the  danger  of  too  great 
concentration  of  the  anesthetic  is  reduced  to  a  minimum.  The  Americans 
in  Manila  use  both  chloroform  and  ether  as  they  wish,  but  the  latter  drug 
is  wasteful  in  very  hot  weather;  it  seems  to  evaporate  more  quickly, 
and  sometimes  the  patient  takes  enormous  quantities  without  the  de- 
sired result. 

Instruments. — All  metal  instruments  should  be  of  the  best  quality 
and  as  simple  in  construction  as  possible.  The  eternal  moisture  of  the 
tropics  quickly  ruins  steel  instruments  unless  they  are  daily  cared  for 
as  a  soldier  cares  for  his  rifle.  No  container  short  of  a  soldered  tin  can 
be  trusted  to  keep  out  moisture,  and  in  shipping  instruments  to  the 
tropics  they  should  be  dried  at  a  high  temperature  and  inclosed  in  soldered 
cases.  It  is  much  better  to  keep  the  whole  armamentarium  in  use  ex- 
posed on  the  shelves  of  a  glass  surgical  closet  than  to  put  the  instruments 
away  in  cases.    An  intelligent  Chinese  or  Malay  servant  should  give  them 
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daily  attention  by  rubbing  with  chamois  skin  and  a  very  little  cacao-butter 
or  vaselin.  Hypodermic  syringes  should  be  all  metal,  and  the  needles 
of  gold  or  other  non-corrosive  metal.  The  needle  for  spinal  anesthesia 
should  by  all  means  be  made  of  gold,  as  there  is  always  danger  of  breaking 
it  when  the  puncture  is  made.  All  the  surgical  needles  now  sent  to  our 
army  in  the  Philippines  for  field  use  are  gold-plated,  and  this  has  been 
found  to  be  an  economy  as  well  as  a  convenience.  Rubber  tubing  and 
catheters  are  very  short-lived;  they  should  be  kept  in  their  original  sealed 
packages  until  wanted,  those  for  daily  use  being  kept  immersed  in  a 
carbolic  solution.  No  drainage-tube  or  catheter  should  ever  be  used 
without  carefully  testing  its  integrity,  as  very  often  an  apparently  sound 
bit  of  rubber  will  break  into  fragments  when  stretched  in  the  slightest 
degree.  The  aspirator  and  Paquelin  cautery  will  generally  be  found 
in  a  chronic  state  of  uselessness  from  the  rapid  deterioration  of  the  tubing. 
Time  of  Operation. — The  most  pleasant  time  of  the  day  is  the  early 
morning,  and  both  in  the  interest  of  the  patient  and  for  the  comfort  of  the 
surgeon  and  nurses  it  should  be  selected  for  the  operation  whenever 
possible. 
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SURGICAL  DISEASES  OF  THE  TROPICS. 

LEPROSY. 

Leprosy  is  a  chronic  infectious  disease,  characterized  by  the  growth 
of  granulation  tissue  in  the  skin,  mucous  membranes,  peripheral  nerves, 
and  less  often  in  other  situations.  The  specific  cause  is  the  Bacillus 
leprae,  discovered  by  G.  Armauer  Hansen.*  The  history  of  leprosy  dem- 
onstrates that  it  has  prevailed  in  both  hot  and  cold  countries,  but  there 
is  good  reason  nevertheless  for  treating  of  it  among  tropical  diseases, 
because  at  the  present  time  it  prevails  to  a  far  greater  extent  in  tropical 
and  subtropical  regions  than  elsewhere,  and  owing  to  social  and  racial 
factors  it  will  probably  continue  to  do  so.  There  is  also  evidence  for 
believing  that  the  disease  originated  in  a  warm  climate,,  for  leprosy  is  of 
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very  ancient  record,  and  was  recognized,  long  before  the  Christian  era, 
as  the  most  terrible  of  maladies  in  Egypt,  in  Palestine,  and  in  India. 
Its  wide  European  distribution  in  ancient  times  and  in  the  Middle  Ages 
has  been  with  good  reason  attributed  to  importation  from  Asia  and 
Africa  by  the  returning  soldiers  of  Pompey  and  other  Roman  generals 
and  by  the  Crusaders.  At  the  present  time  leprosy  exists  outside  of  the 
warmer  regions  of  the  earth  only  in  small  and  widely  scattered  centers 
of  disease,  as  far  north  as  Iceland  and  eastern  Siberia,  and  as  far  south 
as  New  Zealand.  It  is  found  in  both  North  and  South  America,  and  in 
all  probability  was  introduced  into  the  southern  continent  from  the  old 
world  by  negroes  and  sailors.  In  the  United  States  Chinese  immigrants 
brought  it  to  California,  Scandinavians  to  Minnesota  and  the  northwest, 
in  which  region,  however,  the  disease  is  fortunately  disappearing.  The 
largest  and  oldest  leprosy  center  in  the  United  States  is  in  Louisiana, 
where  it  has  existed  for  over  a  century,  and  the  majority  of  these  patients 
are  American-bom.  Altogether,  there  are  now  several  hundred  lepers 
in  the  United  States. 

The  acquisition  of  Hawaii,  the  Philippine  Islands,  and  the  Panama 
Canal  zone  has  brought  a  very  large  leper  population  under  American 
jurisdiction,  so  that  this  ancient  malady,  which  was  scarcely  mentioned 
in  the  American  text-books  of  twenty-five  years  ago,  has  become  a  matter 
of  general  interest  to  the  medical  profession  of  the  country,  and  of  special 
importance  to  those  settling  in  the  new  colonial  possessions. 

The  specific  cause  of  the  disease,  the  B.  leprae,  is  found  in  all  forms  of 
leprosy,  and  in  weU-advanced  cases  the  bacilli  are  widely  distributed  in  the 
body,  existing  in  enormous  numbers.  The  microbe  closely  resembles 
the  B.  tuberculosis  in  appearance  and  also  in  staining  reactions.  It  is 
a  slender,  straight  rod  with  rounded  ends,  perhaps  a  little  shorter  than 
the  B.  tuberculosis.  Under  the  microscope  the  bacilli  are  seen  in  heaps 
and  bundles  rather  than  singly,  and  always  in  great  numbers.  The 
bacillus  does  not  form  spores,  but  spaces  that  do  not  take  the  stain  are 
often  seen,  a  fact  that  has  led  to  a  description  of  spore  formation  in  the 
organism  by  some  observers.  The  identity  of  the  micro-organism  of 
leprosy  and  tuberculosis  has  often  been  advanced,  and,  indeed,  differ- 
entiation by  appearance  and  staining  qualities  alone  is  well-nigh  impossible. 
The  widest  differences  are  shown  when  attempts  are  made  to  cultivate 
the  B.  leprae  either  on  laboratory  media  or  by  inoculation,  for  it  is  more 
than  doubtful  whether  the  organism  has  ever  been  made  to  grow  arti- 
ficially. Many  bacterial  growths,  it  is  true,  have  been  obtained  from 
material  taken  from  leprous  nodules,  but  none  have  been  generally  ac- 
cepted by  bacteriologists  as  genuine  cultures  of  the  B.  leprae.  Very 
recently  Emile-WeiP  has  reported  successful  cultures  of  the  Hansen 
bacillus  upon  media  containing  pleuritic  serum  or  those  to  which  yolk 
of  egg  had  been  added.  A  viable  germ  could  only  be  obtained  from  a 
leprous  nodule  of  recent  appearance,  those  from  older  lepromas  not  grow- 
ing at  all.  The  nodule  was  carefully  sterilized  and  opened  with  a  scalpel, 
and  a  minute  cylinder  of  tissue,  free  from  blood,  containing  some  ceUular 
elements  and  bacilli  in  pure  culture,  was  obtained  with  a  pipet.    This 
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when  planted  upon  the  media  gave  rise,  in  a  few  instances  only,  to  very 
frail  colonies.  The  growth  soon  died  out,  apparently  when  the  cells 
transferred  from  the  leproma  had  disappeared.  By  carefully  inserting 
the  contents  of  the  pipet  through  the  shell  and  into  the  yolk  of  a  fresh 
egg  cultures  were  also  obtained  which  not  only  developed  while  the  im- 
ported leproma  cells  lasted,  but  thrived  for  a  while  upon  the  cells  of  the 
egg  yolk.  Germs  from  the  old  nodules  and  other  cutaneous  lesions,  as 
well  as  those  from  the  nasal  mucus,  could  not  be  made  to  grow,  and  on  no 
other  media  than  those  described  above  was  any  evidence  of  life  shown. 

Inoculation  experiments,  upon  man  and  animals  alike,  have  nearly 
always  proved  failures.  In  1884  Aming*  inoculated  an  apparently 
healthy  Hawaian  under  sentence  of  death  by  stitching  a  piece  of  fresh 
leprous  tubercle  into  a  deep  incision  in  the  skin.  Painful  swelling  of  the 
ulnar  and  median  nerves  took  place  in  the  inoculated  arm  in  four  weeks, 
and  later  a  nodule  appeared  at  the  site  of  inoculation.  Three  years 
afterward  true  tubercular  leprosy  was  fully  developed,  causing  death  six 
years  from  the  date  of  the  experiment.  The  subject  was,  however,  of  a 
leprous  family,  and  had  lived  among  lepers  in  a  country  where  the  disease 
is  wide-spread,  so  that  this  single  case  is  not  at  all  conclusive. 

Many  similar  attempts  made  in  Norway  and  elsewhere  have  always 
resulted  in  failure,  and  inoculation  experiments  on  animals  have  also 
yielded  almost  entirely  negative  results.  Exceptionally  a  local  neoplasm 
resembling  leprosy  has  been  obtained.  In  1905  Nicolle*  reported  a 
successful  inoculation  of  a  monkey,  with  the  production  of  a  nodule  on  the 
sixty-second  day.  The  nodule  was  excised  on  the  seventy-fifth  day 
and  showed  the  characteristic  masses  of  bacilli  in  great  number. 

Judging  from  the  almost  universal  failure  of  experimental  inoculation 
it  seems  probable  that  the  organisms  found  in  skin  lesions  as  well  as  in  those 
thrown  off  from  the  nasal  mucous  membrane  are  nearly  always  dead. 
The  problem  of  how  living  germs  of  leprosy  capable  of  infecting  new 
subjects  are  actually  transmitted  from  sick  to  well  is  still  unsolved.  The 
disease  must,  then,  certainly  be  rather  feebly  contagious,  for  in  none  other 
is  the  recognized  specific  cause  more  abundantly  found  or  given  off  in 
greater  profusion  from  the  body. 

The  bacilli  are  found  in  the  nasal  secretions,  the  saliva,  the  urine, 
and  the  milk  of  lepers.  Coughing  and  sneezing  scatter  them  far  and 
wide.  They  are  also  found  on  the  surface  of  open  sores,  and,  either  living 
or  dead,  must  come  into  contact  with  thousands  of  healthy  persons  who 
do  not  subsequently  develop  leprosy. 

The  conditions  favoring  infection  are  not  at  all  well  understood. 
Physicians  and  nurses  at  leper  hospitals  are  very  seldom  attacked;  the 
disease  often  exists  in  a  small  center  while  neighboring  communities, 
living  under  similar  circumstances,  both  social  and  sanitary,  are  free. 
The  theory  that  the  dietary  customs  of  certain  peoples  are  essential  to 
the  maintenance  of  leprosy  does  not  appear  susceptible  of  proof,  although 
Hutchinson  has  called  attention  to  the  undoubted  fact  that  the  principal 
centers  of  disease  are  among  the  fish-eating  populations.  Like  other 
infections,  leprosy  flourishes  best  among  the  unclean,  the  underfed  and 
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overcrowded,  but  the  reason  is  probably  that  opportunities  for  prolonged 
and  intimate  contact  between  sick  and  well  are  most  frequent  with  such 
people,  so  that  sooner  or  later,  and  only  in  a  comparatively  few  out  of 
many  inevitable  contacts,  viable  germs  find  lodgment  in  suitable  individ- 
uals, and  disease  results. 

The  most  probable  points  of  entrance  are  through  the  nasal  mucous 
membranes,  through  skin-injuries  or  scratches  attending  certain  skin 
diseases,  and  possibly  also  through  skin-follicles  and  sweat-glands.  Trans- 
mission by  insects,  by  sexual  connection,  by  handling  fomites,  by  inhal- 
ation, and  by  swallowing  must  be  considered  possible,  though  not  yet 
proved. 

As  the  bacillus  of  leprosy  has  never  been  found  elsewhere  than  in 
the  patient's  body,  its  secretions  and  its  excretions;  as  culture  experi- 
ments in  the  laboratory  and  attempts  at  inoculation  on  man  and  lower 
animals  have  been  so  barren  of  results,  making  it  almost  impossible  to 
decide  whether  given  bacilli  arc  living  or  dead,  we  must  not  be  too  posi- 
tive upon  the  conditions  influencing  infection.  We  only  know  that  ex- 
perience gained  through  centuries,  and  in  many  pails  of  the  world, 
demonstrates  that  leprosy  once  introduced  into  a  country  is  apt  to  spread; 
that  its  disappearance  is  hastened  by  improved  social  conditions  of  the 
population;  that  it  has  a  predilection  for  the  dark-skinned  natives  of 
warm  countries;  and  that  it  is  often  of  more  virulent  type  in  new  centers. 
Most  important  of  all,  from  the  practical  standpoint,  is  the  knowledge 
that  only  by  isolation  or  segregation  of  lepers  can  the  disease  be  in  time 
stamped  out,  and  this  without  the  necessity  of  reducing  the  unfortunate 
patients  to  the  condition  of  total  outcasts  from  society,  as  was  formerly 
done.  More  complete  knowledge  of  the  contagiousness  or  infectiousness 
of  leprosy  will  depend  upon  much  greater  success  in  the  future  in  the 
laboratory  handling  of  this  very  obdurate  micro-organism  than  has  been 
attained  in  the  past. 

That  leprosy  is  inherited  is  not  now  generally  believed,  for  the  reasons 
that  there  is  no  fetal  form  and  that  few  children  of  lepers  become 
themselves  leprous,  certainly  not  more  than  intimate  family  intercourse 
would  account  for;  nor  do  patients  in  the  majority  of  cases  give  a  history 
of  leprous  parents  or  relatives.  Whether  a  predisposition  to  leprosy  or 
a  lessened  resistance  to  infection  is  inherited  is  also  open  to  doubt. 

Varieties  of  Leprosy. — Leprosy  occurs  in  two  forms:  nodular 
or  tubercular  leprosy,  in  which  the  skin  lesions  are  the  most  striking 
symptoms,  and  nerve  or  anesthetic  leprosy.  Clinically  the  two  varieties 
differ  widely  in  symptoms  and  course  of  the  disease,  when  of  pure  type, 
but  most  cases  show  symptoms  of  both  forms,  with  sometimes  one  or 
the  other  greatly  predominating.  This  mixed  form  of  leprosy  may  exist 
from  the  ]>eginning  of  the  disease,  or  a  well-marked  case  of  the  nodular 
variety  will  later  show  signs  of  nerve  involvement,  while  very  rarely, 
if  ever,  will  nodules  later  develop  in  a  case  which  has  begun  as  a  pure  type 
of  nerve  leprosy. 

Prodromal  Symptoms. — Whatever  form  the  disease  may  even- 
tually take,  the  early  symptoms  of  leprosy  are  by  no  means  striking. 
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The  site  of  the  original  infection  is  practically  never  known,  and  the  time 
of  infection,  except  in  the  rarest  instances,  can  only  be  surmised.  The 
period  of  incubation,  if  indeed  it  is  proper  to  so  name  the  long  time  during 
which  the  germs  of  leprosy  lie  latent  in  the  body,  giving  no  sign  of  their 
presence,  is  generally  very  long.  In  many  recorded  cases  periods  of  from 
three  to  ten  years,  or  even  more,  elapsed  from  the  presumed  time  of  in- 
fection to  the  actual  first  signs  of  disease.  Shorter  periods  of  incubation 
have  been  described — a  few  months  or  even  weeks. 

Prodromal  symptoms  of  general  constitutional  disturbance  are  gen- 
erally observed,  but  are  often  wanting.  These  vary  very  much  in  differ- 
ent patients,  and  are  for  the  most  part  exceedingly  indefinite  and  of  slight 
diagnostic  value.  A  rise  of  temperature  is  common  at  irregular  intervals; 
the  paroxysms  of  fever  are  indefinite  in  duration  and  in  the  degree  of 
p)rrexia.  A  sense  of  ex- 
haustion and  sleepiness, 
headache,  pains  in  the  back 
and  limbs,  digestive  dis- 
turbances, nausea  and 
vomiting  are  sometimes 
noticed.  Slightly  more 
definite  are  the  nasal  symp- 
toms described  by  some 
authors,  such  as  dryness 
of  the  mucous  membrane, 
epistaxis,  tickUng,  burning 
or  pain  in  the  nose.  Sen- 
sory disturbances,  such  as 
localized  anesthesia,  hyper- 
esthesia, itching,  or  inter- 
mittent neuralgic  pains, 
are  often  present.  A  tend- 
ency to  excessive  sweating, 
either  general  or  limited  to 
certain  regions  of  the  body, 
is  a  symptom  of  consider- 
able value.  Sometimes  a  few  scattered  areas  of  limited  extent  show  a 
positive  anhidrosis,  and  later  on  in  the  disease  these  spots  become  anes- 
thetic. The  prodromal  symptoms,  indefinite  as  they  are,  may  continue 
off  and  on  for  years,  and  of  course  may  be  attributed  to  many  causes 
rather  than  the  true  one.  In  the  tropics  malaria  will  generally  be  sus- 
pected. 

Finally,  the  first  really  tangible  signs  of  leprosy  appear  in  the  shape 
of  a  macular  eruption  very  variable  in  extent  and  appearance. 

Nodular  Leprosy.— Generally,  after  one  of  the  febrile  attacks  of 
more  than  usual  severity,  reddish  spots  make  their  appearance  upon  the 
skin,  especially  on  the  face  and  extremities.  The  spots  vary  from  the 
size  of  a  pea  to  larger  patches  several  inches  square.  The  spots  are  either 
well  defined  or  indistinct  and  are  generally  slightly  raised.    They  may  be 
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very  numerous  or  few.  The  first  spots  usually  fade  out  in  a  few  da)^ 
or  weeks  without  leaving  a  trace,  but  new  ones  appear,  of  which  some 
become  a  darker  color,  no  longer  disappearing  on  pressure.  The  spots 
are  often  the  seat  of  itching  or  prickling  and  the  hair  disappears  from  the 
affected  area.  The  scalp  is  never  the  seat  of  the  eruption,  but  the  early 
falling  of  the  eyebrows  is  very  noticeable  in  nodular  leprosy,  and  the 
superciliary  region  is  often  the  site  of  the  first  nodule.    The  development 

of  the  characteristic  nodules  takes  place  slowly, 
painlessly,  and  in  a  most  irregular  manner. 
They  vary  greatly  in  size,  shape,  and  number, 
developing  in  some  of  the  spots  that  have  re- 
mained and  become  pigmented.  At  first  there 
may  be  only  one  or  two  nodules,  while  later  on 
successive  crops  appear.  Some  are  no  larger 
than  a  small  pea,  others  the  size  of  a  walnut. 
The  most  common  site  is  the  face,  especially 
the  regions  of  the  eyebrows;  next,  the  backs 
of  the  hands,  the  fingers,  the  elbows,  the  knees, 
and  the  feet.  The  palmar  and  plantar  surfaces 
are  very  rarely  affected,  the  scalp  practically 
never,  but  nodules  may  appear  almost  any- 
where else  in  the  body.  In  exposed  locations, 
such  as  the  face  and  hands,  the  growths  are 
prominent  and  hard,  but  when  subjected  to 
pressure,  as  on  the  trunk,  they  are  flattened 
and  softer.  The  color  of  leprous  tubercles  is 
usually  yellow-brown,  but  often  a  gray  or  violet 
tinge  is  observed.  Neighboring  nodules  tend 
to  become  confluent,  and  in  some  situations 
there  is  no  discrete  nodule  formation,  but  large 
areas  of  infiltrated  skin  are  formed  (lepromes 
en  nappe)  which  may  cover  a  great  part  of  the 
trunk  or  may  surround  a  limb.  The  new- 
growths  come  in  successive  crops,  accompanied 
by  fever  and  constitutional  disturbance,  during 
which  the  skin  lesions  are  tender,  swollen,  and 
livid,  but  as  the  fever  subsides  the  nodules 
shrink,  and  a  period  of  distinct  improvement 
occurs,  lasting  until  the  next  febrile  attack, 
with  its  new  accession  of  nodules.  During  the 
periods  of  quiescence  some  nodules  may  disappear  entirely,  some  grow 
very  much  smaller,  and,  in  cases  with  only  a  few  small  tubercles,  cures 
have  been  often  reported.  Sooner  or  later,  however,  renewed  neoplastic 
formation  may  occur.  The  epidermis  over  the  growth  remains  uninjured 
for  a  long  time,  becoming  a  little  shiny  and  scaling  slightly. 

The  tumors  are  confined  for  the  most  part  to  the  true  skin,  but  some 
extend  to  the  subcutaneous  tissues.  A  few  indeed  may  begin  in  the  deeper 
structures,  and  are  felt  as  hard  bodies  through  the  intervening  and  ap- 
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parently  unaffected  skin,  but  usually  the  nodules  are  freely  movable  with 
the  cutis.  The  nodules  are  subject  to  several  changes.  After  a  febrile 
attack  with  erysipeloid  sjonptoms  some  of  the  smaller  growths  may 
disappear,  generally  leaving  light  or  dark  spots  at  the  sites  where  they 
have  been.  When  an  intercurrent  acute  disease,  such  as  true  erysipelas, 
attacks  the  leper,  the  nodules,  if  not  too  large  nor  too  numerous,  may 
all  disappear.  Impey,^  indeed,  states  that  a  real  cure  may  thus  take 
place.  The  growths  may  also  undergo  softening  and  ulcerate.  The 
ulcers  are  painless  and  indolent,  healing  slowly  and  leaving  anesthetic 
cicatrices.  The  non-sensitive  leprous  nodules  are  subject  to  many  small 
traumatisms  which  the  patient  does  not  notice  at  the  time,  and  much 
of  the  ulceration  is  due  to  such  injuries,  When  the  nodule  formation 
has  gone  on  for  some  time,  the  well-known  and  often  described  leonine 
countenance  is  developed.  The  infiltrated  skin  of  the  forehead,  greatly 
thickened,  is  deeply  furrowed,  giving  a  massive  and  frowning  appearance; 
new  growths  elsewhere  on  the  face  cause  the  nose  to  appear  flattened ,  the  lips 
and  chin  to  become  protruding  and  knotty,  the  ears  distorted  and  thickened. 
The  play  of  the  facial  muscles  is  destroyed  so  that  the  expression  is  mask- 
like and  fixed.  Along  with  the  changes  in  the  skin  the  mucous  membranes 
of  the  nose  and  mouth  are  also  the  seat  of  new  tissue  formation,  which  is 
more  liable  to  soften  and  ulcerate  than  is  the  case  with  skin  nodules. 
The  nostrils  become  occluded,  respiration  is  interfered  with  by  laryngeal 
infiltration,  and  swallowing  is  rendered  difficult  from  involvement  of  the 
pharynx  and  esophagus.  The  patient  speaks  with  a  raucous  voice  which 
is  very  characteristic.  The  nasal  cartilages  may  be  destroyed,  causing 
the  nose  to  sink  in  or  become  distorted.  The  destructive  processes  due 
to  ulceration  may  of  course  lead  to  directly  fatal  consequences,  or  in 
cicatrizing  great  deformities  may  result.  The  eyes  and  their  appendages 
often  suffer  greatly  in  leprosy;  the  eyelids  may  become  infiltrated,  ulcerate 
and  cicatrize,  leading  to  frightful  disfigurement;  the  conjunctiva  becomes 
the  seat  of  numerous  small  tubercles  which  later  invade  the  cornea,  or 
else  the  deeper  structures  of  the  eyeball  are  invaded  first;  in  any  case 
total  blindness  is  the  result. 

During  the  course  of  the  disease  the  lymphatic  glands  of  the  body 
enlarge  and  may  soften,  each  new  crop  of  nodules  being  attended  with 
intensified  swelling  of  the  neighboring  glands.  The  decline  of  health 
and  strength  in  lepers  is  very  slow  but  progressive.  The  appetite  remains 
good  for  a  long  time;  taste  and  smell  are  retained  surprisingly  well  even 
when  the  nose  and  mouth  are  considerably  diseased,  but  are  finally 
lost;  the  mental  faculties  are  entirely  unaffected.  Unless  some  inter- 
current disease  mercifully  puts  an  end  to  the  patient's  life,  the  late  stages 
of  leprosy  will  present  an  unspeakably  loathsome  picture.  Mentally  able 
to  appreciate  to  the  full  his  pitiable  condition,  the  leper  drags  on  his  life, 
blind,  speaking  in  a  harsh  whisper,  without  smell,  without  taste,  crippled 
it  may  be,  an  offense  to  the  sight  of  man.  What  wonder,  then,  that 
leprosy  has  been  placed  supreme  among  the  greatest  evils  with  which 
mankind  has  been  afflicted ! 

Anesthetic  or  Nerve  Leprosy. — ^The  prodromal  symptoms  of  nerve 
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leprosy  are  very  much  as  described  for  the  tubercular  variety.  Perhaps 
with  the  fever  and  constitutional  disturbance  there  will  be  more  marked 
nervous  symptoms  of  various  kinds.  Pain  of  a  neuralgic  character,  often 
very  severe,  occurs  generally  in  paroxysms  and  may  affect  almost  any  part 
of  the  body.  Other  common  symptoms  are  itching,  burning,  and  numb- 
ness. Sometimes  the  whole  body  is  in  a  state  of  h3^resthesia,  so  that 
pain  is  induced  by  the  slightest  contact  or  on  movement.  Vasomotor 
disturbances,  such  as  flushing  of  the  skin  and  slight  transitory  edema  of 
limited  areas,  have  been  described.     Vertigo  is  often  observed. 

The  prodromal  signs  of  nerve  leprosy  are,  however,  quite  frequently 
extremely  slight,  and  are  often  overlooked  by  the  patient  and  his  physician. 

Sometimes  the  very  first  symp- 
tom is  a  simple  loss  of  power 
in  the  upper  extremities  with 
uo  other  manifestation  of  the 
disease.  The  macular  eruption 
of  nerve  leprosy  presents  some 
points  of  difference  from  that 
of  the  nodular  variety.  The 
spots  develop  symmetrically  on 
the  trunk  and  limbs,  often  fol- 
lowing the  course  of  large  nerve- 
trunks.  The  patches  are  ery- 
thematous, disappearing  on 
pressure,  pigmented  and  not  so 
disappearing,  or  dead  white, 
like  vitiligo.  The  centers  of 
the  spots  often  become  decolor- 
ized while  the  peripheries  are 
deeply  colored  and  slightly 
raised.  The  pale  centers  are 
partly  anesthetic,  generally 
retaining  tactile  sensitiveness, 
but  are  insensitive  to  pain 
and  heat.  As  in  nodular  lep- 
rosy, some  of  the  patches 
disappear  entirely,  some  become  pigmented  and  remain,  and  new  spots 
appear  from  time  to  time.  The  duration  of  the  macular  stages  of 
nerve  leprosy  may  be  extended  to  years  before  serious  signs  of  nerve  in- 
volvement show  themselves.  Very  characteristic  of  nerve  leprosy  and 
occurring  during  this  stage  is  the  appearance  of  bullae  (pemphigus  lepro- 
sus).  After  a  slight  rise  of  temperature  with  increased  neuralgic  pain  a 
bulla  forms,  rarely  more  than  one  at  a  time.  It  appears  on  skin  not  pre- 
viously affected,  or  at  the  site  of  a  macule,  and  varies  in  size,  often  being 
as  large  as  an  egg.  The  contained  fluid  is  serous,  but  becomes  rapidly 
purulent,  and  the  surrounding  skin  is  reddened  for  some  distance.  The 
bleb  ruptures  and  dries  up,  afterward  desquamating,  and  finally  leaving 
a  pale  anesthetic  spot,  with  a  thin,  well-marked,  brownish  border.     Oc- 
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casionally  the  site  of  the  bulla  ulcerates  and  then  becomes  covered  with 
a  brown  rupial  crust,  the  final  cicatrix  being  shining  white  and  contracted 
or  rarely  keloidal  in  appearance.  The  bullae  are  most  frequent  on  the 
backs  of  the  hands  and  feet,  the  elbows,  the  knees,  and  the  back.  They 
may  come  in  successive  crops  to  such  an  extent  that  the  body  of  the 
patient  is  covered  with  their  remains  in  different  stages  of  cicatrization, 
and  indeed  death,  when  the  eruption  is  of  such  a  violent  nature,  may  result. 
The  macular  and  bullous  eruptions  are  the  beginning  of  a  true  bacterial 
nerve  infection,  rather  than  the  consequence  of  a  neuritis  already  existing, 
for  in  this  form  of  leprosy  the  bacilli,  instead  of  infiltrating  the  skin  and 
forming  nodules,  invade  the  terminal  nerve-endings  and  the  larger  trunks 
from  without  inward,  giving  rise  to  a  great  variety  of  symptoms.  Neu]>- 
algic  pains  and  the  other  disturbances  of  sensation  become  more  marked, 
such  as  itching,  burning,  hyperesthesia,  spots  of  anesthesia,  etc.  The 
cutaneous  lesions  may  now  continue  to  disappear  wholly  or  in  part ;  but  the 
signs  of  serious  nerve  involvement  are  from  this  time  on  progressive. 
The  regions  supplied  by  the  ulnar,  the  peroneal,  the  anterior  tibial,  the 
sciatic,  and  the  trigeminal  nerves  are  usual  sites  of  the  paresthetic  or 
painful  symptoms,  especially  the  two  former  localities.  Where  these 
nerves  can  be  felt,  as  when  they  pass  over  a  bone,  the  nerve-trunk  is 
found  to  be  hard,  thickened  or  nodulated,  and  very  sensitive  to  pressure. 
This,  the  first  or  irritative  stage  of  nerve  involvement,  slowly  subsides, 
to  be  followed  by  degeneration  and  destruction  of  the  nerve  substance 
with  all  of  its  natural  consequences.  Both  motor  and  sensory  trunks 
are  attacked,  the  result  varying,  of  course,  with  the  nerves  affected 
and  the  degree  of  destructive  action.  Anesthesia,  which  in  the  early 
stages  is  confined  to  the  spots  or  to  very  limited  areas,  when  the  large 
trunks  and  central  nervous  system  are  attacked  becomes  a  dominant 
feature  of  the  disease.  The  anesthesia  of  the  macules  is  due  to  a  terminal 
neuritis  only  and  may  disappear,  but  the  later  anesthesia,  due  to  dis- 
integration of  nerve-trunks  or  lesions  of  the  cord  and  spinal  ganglions, 
is  permanent,  progressive,  and  may  be  total.  The  loss  of  sensation  nearly 
always  begins  in  the  extremities,  rarely  in  the  face.  Later  on  the  trunk 
is  affected  in  a  small  proportion  of  cases. 

On  the  supposition  that  nerve  leprosy  is  a  centripetal  process,  ane&^ 
thesia  limited  to  small  spots  is  caused  by  bacterial  invasion  of  terminal 
nerve-ends;  zones  or  bands  of  anesthesia  occur  when  trunks  are  involved, 
and  segments  of  the  body  are  affected  when  there  are  lesions  of  the  spinal 
cord.  The  anesthesia  is  often  strikingly  sjinmetric,  although  not  in- 
variably so;  it  is  at  first  partial,  variable,  and  superficial,  but  after  a  time 
it  is  deeper,  more  absolute,  and  tactile  sensation  is  totally  lost  in  the 
affected  areas  as  well  as  the  sensations  of  pain,  heat,  and  cold. 

Along  with  the  loss  of  sensation  trophic  changes  take  place  in  the 
regions  supplied  by  the  diseased  nerves.  The  hair  rapidly  thins  out 
over  the  affected  areas  until  complete  depilation  results,  although  the 
scalp  is  not  attacked.  The  skin  is  hard  and  dry  as  a  result  of  suppression 
of  sweat;  it  also  becomes  thin  and  cracks.  The  nails  atrophy  and  become 
deformed;  trophic  ulceration  is  developed  on  surfaces  exposed  to  pressure 
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or  injury,  the  most  common  site  being  the  sole  of  the  foot,  where  a  perfor- 
ating ulcer  often  occurs.  The  fingers  and  toes  may  be  attacked  by  a 
penetrating  ulceration  and  be  totally  destroyed.  The  pathologic  process 
is  either  a  periostitis  surrounding  the  phalanx,  in  which  case  the  bone 
necroses  and  is  extruded,  or  an  obliterating  arteritis  which  may  lead  to 
the  loss  of  a  digit  from  dry  gangrene.  The  phalanges  may  possibly  imder- 
go  total  absorption  without  loss  of  the  soft  parts,  or  the  lime  salts  of  the 
bones  may  so  disappear  that  the  shafts  may  be  bent  in  any  direction. 
The  muscles  supplied  by  the  diseased  nerves  atrophy  and  lose  power. 
The  first  wasting  is  commonly  observed  on  the  palmar  aspect  of  the  hands, 
all  eminences  disappearing  so  that  the  smooth  simian  hand  of  the  Aran- 
Duchenne  type  is  produced.  The  atrophy  extending  to  the  interosseous 
muscles  and  the  extensors  of  the  fingers  gives  rise  to  the  often  described 
main-en-griffe.  In  the  lower  extremities  the  peroneal  and  extensor 
muscles  are  affected,  causing  locomotion  to  be  difficult.  The  muscles 
of  the  arm,  thigh,  trunk,  and  face  may  be  later  attacked,  and  should  the 
muscles  of  a  region  be  affected  in  an  irregular  fashion,  which  is  sometimes 
the  case,  curious  distortions  are  observed,  especially  in  the  face,  for  when 
one  or  two  muscles  of  expression  are  left  intact  among  many  paralyzed 
ones,  a  characteristic  grimacing  countenance  results — the  mask  of  nerve 
leprosy.  The  eyes  remain  wide  open  from  muscular  paresis;  ocular  devi- 
ation of  all  varieties  may  occur;  there  may  be  ptosis  or  ectropion. 
Excessive  lachrjrmation  from  exposure  of  the  eyeball  is  followed  by  sup- 
pression of  the  secretion,  when  the  eyelashes  will  drop  out  and  the  eye- 
balls become  homy  and  dry.  Small  opacities  form  in  the  cornea  which 
coalesce,  or  else  ulceration  and  perforation  occur  with  gradual  progression 
toward  total  blindness.  Ulceration  of  the  nasal  mucous  membrane 
may  take  place  with  destruction  of  the  septum,  so  that  the  nose  sinks  in, 
as  in  nodular  leprosy.  The  mucous  membranes  of  the  mouth  may  also 
ulcerate,  the  gums  recede,  and  the  teeth  drop  out.  Anesthesia  of  the 
tongue  and  mucous  surfaces  and  paralysis  of  the  buccinators  interfere 
with  mastication.  The  lower  lip  falls  from  paralysis  of  the  orbicularis 
and  saliva  flows  continuously. 

The  course  of  nerve  leprosy  is  therefore  entirely  different  from  that 
of  the  nodular  type.  It  is  very  much  slower,  for  patients  with  nerve 
leprosy  of  pure  t>'pe  may  Uve  for  several  decades  and  attain  ripe  old  age. 
Fortunately  the  progression  of  the  disease  toward  the  last  terrible  stages 
of  mutilation,  paralysis,  and  atrophy  is  not  inevitable.  The  malady 
may  be  arrested  for  years;  in  the  milder  cases,  indeed,  after  a  certain 
amount  of  nerve  involvement,  the  disease  seems  to  cease  entirely.  Per- 
haps the  bacilli  have  in  such  instances  died  out;  certainly  their  presence 
can  no  longer  be  made  out  by  any  diagnostic  method  known  to  us.  The 
damage  to  the  nerves  is  done,  but  the  patient  is  no  longer,  strictly  speaking, 
a  leper.  Death  seldom  occurs  as  a  direct  result  of  the  leprosy,  but 
usually  from  an  intercurrent  pneumonia,  acute  pulmonary  tuberculosis, 
bronchitis,  or  organic  disease  of  the  kidneys.  A  common  termination  of 
life  is  from  an  acute  choleraic  diarrhea. 

Mixed  Leprosy. — It  is  the  rule  for  the  two  types  of  leprosy  to  be  foimd 
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in  the  same  patient  before  the  end  of  the  case,  and  one  or  the  other  may 
of  course  greatly  predominate.  Sometimes  the  skin  and  nerve  invasion 
by  the  bacilli  go  on  together  from  the  beginning,  or,  as  is  common  enough, 
nerve  involvement  comes  on  later  in  a  well-marked  case  of  nodular  leprosy, 
but  it  is  exceedingly  rare  for  nodules  to  occur  in  a  case  which  has  begun 
as  a  pure  type  of  nerve  leprosy.  The  combination  of  sjonptoms  which 
may  occur  in  mixed  leprosy  varies  so  infinitely  in  different  patients  that 
it  is  useless  to  attempt  to  further  describe  this  form  of  the  disease. 

Based  on  a  large  clinical  experience,  Black  *•  ^  has  recently  suggested 
a  reason  why  leprosy  sometimes  assumes  one  clinical  form  and  sometimes 
another.  He  beUeves  that  the  initial  lesion  of  the  disease  is  a  trifling  ulcer 
somewhere  on  the  nasopharyngeal  mucous  membrane:  if  the  ulcer  heals 
and  only  a  few  bacilli 

gain  entrance  into  the  ^^^  ^ 

general  circulation,  anes-  ^*-^^^^^^^ 

thetic  leprosy  alone  re-  ^^^^^0^^^^^' 

suits;   if,  on  the  other  ,^0^^^^^^ 

hand,    the    nasal    ulcer       ^Kp-TJ  .  ^ 

grows  and   very  many      S^b^^%'--'^'^^^-  JA 

virulent  germs  are  con-     ^Hr     ;    i 

tinually      disseminated     mKK'    '  \ 

throughout    the    body,     p  * 

infiltration  of  the  skin     JL  ^Jid 

and  subcutaneous  tissue,     ^^  ^Wm 

or  even  invasion  of  in-      ^B 

temal  organs,  also  takes        t  "  ^^^  ^ 

place.     In  other  words,  .  'jS^Jr 

nodular  leprosy  is  an-  ^  j  -  ,1  ^  ^y^^M^jJ^P^ 

esthetic  leprosy  plus  in-  /t^^^^hHHPT 

vasion  of  the  skin  and  ^^S  ^^^^^ 

other  organs  by  active 

organisms.  A  careful  Fio.  662.— Nodular  Leprosy.  Cell  Infiltration  in  You  no 
Study   of  the   symptoms  Leproma.     low  power  (Army  Med.  MuMum). 

of  the  several  varieties 

of  leprosy  shows  that  this  theory  is  very  plausible,  but  unfortunately  the 
initial  nasal  lesion  has  not  yet  been  demonstrated.  Should  it  ever  be, 
the  great  problem  of  leprosy — its  method  of  infection — will  be  in  a  fair  way 
to  be  solved,  and  the  prospect  of  cure  by  early  treatment  be  greatly  in- 
creased. 

Pathologic  Histology  of  the  Lesions. — The  outward  appearance 
of  leprous  nodules  has  already  been  described.  A  leproma,  if  recent, 
shows  on  section  a  white,  shiny  surface;  if  older,  a  reddish  or  brown 
color,  and  the  cut  surface  exudes  a  thin  sticky  fluid  on  pressure,  the 
so-called  "leper  juice."  The  neoplasms  of  leprosy  are  granulation 
tumors,  histologically  resembling  the  gummata  of  syphilis  and  the  tuber- 
culous growths  in  certain  varieties  of  lupus.  They  are  quite  vascular 
and  are  formed  by  an  infiltration  into  the  corium  of  round  cells  and 
epithelioid  cells  which  at  first  arrange  themselves  in  a  network  in  the  con- 
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nective-tissue  spaces  immediately  surrounding  the  blood-vessels  of  the 
skin.  The  infiltration  becomes  thicker  and  denser,  occasionally  ex- 
tending to  the  subcutaneous  tissues,  but  not  affecting  the  epidermis. 
The  glands  of  the  skin  and  the  hair-foUicles  are  so  crowded  by  the  new- 
growth  that  they  atrophy  and  disappear.  Along  with  the  new  cells  are 
the  bacilli  of  leprosy,  usually  in  enormous  numbers.  They  are  found 
free  in  the  lymph-spaces  and  also  within  the  cells;  sometimes  discretely 
disseminated,  but  most  often  in  bundles  of  rods  or  in  relatively  enormous 
bacillary  masses.  There  is  still  difference  of  opinion  as  to  whether  the 
bacilli  are  found  intracellularly  or  not;  Unna®  maintaining  that  they  are 
not  so  found,  and  that  the  bacillary  masses  are  zooglea  formations; 
Hansen*  teaching  that  the  organisms  are  nearly  always  within  the  cells. 
Many  of  the  latest  observers  combine  both  views.  The  most  striking 
appearance  in  a  section  of  an  old  leproma  is  the  presence  of  brown  or  yellow 

flakes,  either  round  or  oblongs 
disseminated  throughout  the 
neoplasm,  and  when  plentiful^ 
giving  the  section  its  brownish 
color.  These  are  the  *^globi'' 
of  Hansen,  who  considers  them 
to  be  masses  of  bacilli  occupy- 
ing cells  and  which,  having  died 
out,  are  partly  disintegrated 
and  of  granular  appearance,  so 
that  little  of  the  structure  of 
the  micro-organisms  can  be 
made  out.  According  to  Unna, 
the  "globi"  are  cross-sections 
of  bacterial  thrombi  of  the 
lymph-vessels. 

The  opinion  of  those  who 
hold  to  both  the  intracellular 
and  extracellular  proliferation 
of  the  bacilli  in  leprous  tissue 
is  summed  up  by  Jeanselme*"  about  as  follows:  (1)  Bacilli  from  the  terminal 
blood-vessels  of  the  skin  collect  in  the  neighboring  lymph-spaces  and  pro- 
voke a  gradual  infiltration  of  round  and  epithelioid  cells.  (2)  The  bacilli 
penetrate  the  new  cells  and  form  large  intracellular  colonies  which  distend 
the  cells,  the  protoplasm  becoming  vacuolated;  these  are  the  "lepra  cells'' 
of  Virchow,  or  when  very  large,  with  numerous  nuclei,  the  giant  cells  de- 
scribed by  some  observers.  (3)  The  bacilli  left  in  the  lymph-spaces  multiply 
and  mass  together,  finally  becoming  disintegrated  and  structureless  in 
appearance,  thus  forming  the  "globi,"  which  appear  round  or  oblong 
according  to  the  direction  in  which  the  lymph-spaces  or  vessels  are  sec- 
tioned in  the  specimen.  The  **globi"  are  always  found  most  plentifully 
in  the  upper  strata  of  the  nodules  and  increase  in  number  with  the  age 
of  the  leproma.  Vacuole  formation  is  a  common  occurrence  in  them, 
indicating  complete  destruction  and  liquefaction  of  the  micro-organisms. 


Fio.  553. — Nodular  Lbprobt.  Dibtrirution  of 
Bacilij  in  Leproma.  X  900.  High  Powbr 
(Army  Med.  Museum). 
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In  the  macules  of  early  leprosy  it  is  probable  that  at  the  beginning 
the  same  pathologic  process  is  initiated  as  in  nodule  formation,  but  with 
comparatively  few  organisms,  so  that  when  the  infection  is  not  active 
the  bacilli  present  may  be  destroyed  by  connective-tissue  production,  and 
in  such  spots  no  further  tissue  changes  are  to  be  expected.  Some  spots, 
as  we  have  seen,  may  become  the  site  of  future  nodules,  or  a  case  of  pure 
nerve  leprosy  may  develop  where  the  nerve  terminals  alone  are  attacked 
by  the  bacilli,  and  no  skin  infiltration  takes  place  beyond  the  production 
of  the  macules.  It  is  exceedingly  difficult  to  find  bacilU  in  the  macules; 
they  are,  indeed,  absent  from  the  old  spots,  but  are  to  be  found,  by  careful 
technic,  sparsely  scattered  through  the  tissues  in  the  fresh  ones.  The 
spots  show  some  infiltration  with  smaller  cells,  but  large  cells  and  ^'  globi'' 
are  not  found  as  a  rule.  In  anesthetic  spots  the  nerve  terminals  are  de- 
generated. In  the  nerve  lesions  the  bacilli  are  found  in  the  peripheral 
part  of  the  nerves,  the  perineurium  and  the  endoneural  septa  showing 
the  greatest  tissue  changes,  especially  in  the  neighborhood  of  a  vessel,** 
and  where  '*  globi"  are  found  they  are  in  the  same  situations.  The  lep- 
rous process  may  confine  itself  to  the  perineurium  and  the  endoneural 
septa  (cell-infiltration,  proliferation,  etc.)  in  mild  cases,  but,  on  the  other 
hand,  the  process  may  go  on  until  all  the  nerve-fibers  are  fused  to- 
gether in  a  bundle  and  a  mere  fibrous  cord  results.  The  epineural  con- 
nective tissue  is  singularly  free  from  bacillary  invasion,  but  bacilli  are 
occasionally  found  in  situations  where  traumata  are  common,  as,  for 
instance,  where  the  ulnar  or  the  peroneal  ner\'es  cross  bony  structures. 
The  number  of  micro-organisms  in  ner\'es  varies  greatly  according  to  the 
case  and  the  stage  of  disease,  but  it  is  never  as  large  as  in  nodular  leprosy. 
The  leprous  process  is  similar  in  the  perineurium  and  endoneurium  to  that 
already  described  in  skin  leprosy — ''globi,''  vacuolated  cells,  and  the 
same  retrograde  changes  occur.  In  the  epineurium  the  "globi"  are 
scarcely  ever  found  and  bacilli  are  very  few.  Even  before  the  discovery 
of  Hansen's  bacillus  changes  in  the  spinal  ganglia  and  the  cord  itself 
were  described  as  occurring  in  this  disease,  generally  a  sclerosis  of  the  pos- 
terior columns  or  gliosis,  as  in  syringomyelia.  The  bacilli  are  found  in 
the  ganglia  and  in  the  cord,  but  there  are  no  constant  pathologic  changes 
of  importance.  The  fact  that  syringomyelia  of  the  type  known  as  Mor- 
van's  disease  clinically  closely  resembles  anesthetic  leprosy  has  caused 
the  theory  to  be  advanced  that  it  is  really  nothing  but  a  special  type  of 
anesthetic  leprosy — an  opinion  by  no  means  generally  accepted.  The 
lesions  of  mixed  leprosy  and  generalized  leprosy  where  various  organs 
of  the  body  are  attacked  by  the  leprous  process  would  require  a  volume 
to  adequately  describe  them.  The  lungs  are  sometimes  the  seat  of  lep- 
rous tubercles  which  are  easily  confounded  with  true  tuberculosis,  and  here 
it  must  be  remembered  that  tuberculosis  is  a  very  common  complication 
of  leprosy.  The  liver,  the  spleen,  the  bone-marrow,  and  the  testicles  are 
not  infrequently  invaded  by  the  disease.  The  kidneys  are  rarely  attacked, 
but  are  subject  to  amyloid  and  other  degenerations  which  are  often  the 
cause  of  death. 

Diagnosis. — leprosy  is  not  easy  of  diagnosis  in  its  early  stages; 
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in  countries  where  it  is  rarely  found,  and  therefore  not  expected,  a  diagno- 
sis is  practically  never  made  until  the  disease  has  progressed  very  far, 
and  even  in  centers  of  leprosy  early  diagnosis  is  not  common.  The 
premonitory  symptoms  are,  as  we  have  seen,  very  indefinite  and  signify 
little  until  the  spots  appear.  Falling  of  the  eyebrows  with  the  appearance 
of  a  small  nodule  in  the  same  region  is  a  suspicious  symptom,  and  in  nerve 
leprosy  the  thickening  of  the  ulnar  nerve  at  the  elbow.  The  spots  are 
suspicious  if  they  are  anesthetic  and  do  not  sweat.  An  eosinophilia  has 
been  described  in  nodular  leprosy,  but  it  is  not  a  very  important  symptom. 
Spinal  puncture  in  nerve  leprosy  has  some  diagnostic  value  as  indicating, 
if  a  lymphocytosis  is  present,  a  meningeal  irritation.  The  successful  dem- 
onstration of  the  specific  bacillus  is,  however,  the  only  perfectly  satis- 
factory sign  of  leprosy:  an  easy  matter  in  the  nodular  variety,  and  a  very 
difficult  one  in  nerve  leprosy.  In  countries  where  the  disease  is  com- 
mon all  cases  of  skin  disease,  monoplegias,  localized  anesthesias,  or  mus- 
cular atrophies  must  be  examined  with  a  view  of  their  possibly  being 
leprous.  The  differential  diagnosis  between  leprosy  and  syringomyelia 
might  in  certain  rare  instances  be  impossible,  but  with  a  macular  eruption 
and  enlarged  nerve-trunks  syringomyeUa  should  be  excluded. 

Prognosis. — ^The  prospect  of  complete  recovery  in  leprosy  is,  it  must 
be  confessed,  extremely  slight.  It  is  the  rule  in  nodular  leprosy  for 
the  disease  steadily  to  progress,  notwithstanding  the  fact  that  periods 
of  great  improvement  are  common  enough,  during  which  a  cure  is  con- 
fidently predicted  or  even  claimed.  In  a  few  carefully  recorded  cases 
where  the  disease  has  been  treated  early,  before  the  appearance  of  many 
lesions,  all  signs  of  active  infection  have  premanently  disappeared,  and 
it  is  difficult  to  avoid  claiming  these  cases  as  cured.  In  nerve  leprosy, 
as  has  been  stated,  after  certain  damage  is  done,  which  of  course  is  irrep- 
arable, the  disease  seems  to  become  entirely  arrested  and  the  patient 
may  live  to  a  ripe  old  age. 

Treatment. — As  in  tuterculosis,  improvement  and  possible  arrest 
of  the  disease  may  be  hoped  for  through  improved  nutrition,  fresh-air 
life,  and  cleanliness.  At  all  events  the  most  careful  hygienic  treatment 
of  lepers  is  demanded  for  the  sake  of  humanity  and  for  the  protection  of  the 
public  health.  As  for  drugs,  in  no  disease  have  so  many  specifics  been  con- 
fidently announced  from  time  to  time,  only  to  disappear,  when  further 
experience  had  demonstrated  their  uselessness.  The  unfortunate  leper 
takes,  and  is  richly  justified  in  taking,  any  remedy  which  offers  him  the 
slightest  hope  of  amelioration.  If  he  is  using  a  special  drug  about  the 
time  that  one  of  the  not  uncommon  periods  of  exacerbation  occurs,  and 
if,  as  is  also  the  rule,  a  marked  improvement  takes  place,  the  reputation  of 
the  remedy  is  great  until  time  has  demonstrated  its  failure  to  make 
any  lasting  impression  on  the  course  of  the  malady.  At  the  present  time 
the  specific  which  has  preserved  more  of  its  reputation  than  any  other 
is  the  ancient  Chinese  remedy,  chaulmoogra  oil,  administered  in  capsules 
of  from  10  to  40  drops  several  times  a  day.  The  oil  is  pushed  to  the  point 
of  toleration,  and  can  also  be  given  by  inunction  mixed  with  some  other 
oil,  by  enema  mixed  wth  milk,  and  by  hypodermic  injection.    There  is  no 
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question  but  that  great  improvement  and  several  apparent  cures  have 
followed  the  persistent  use  of  this  remedy.  Isadore  Dyer,"*  *'  of  New 
Orleans,  the  best-known  American  authority  on  leprosy,  uses  the  following 
treatment:  Chaulmoogra  oil,  in  as  crude  a  state  as  possible  to  obtain 
and  yet  have  it  in  liquid  form,  is  given  in  capsules  or  in  milk,  beginning 
with  3  drops  several  times  a  day  and  gradually  increasing  until  120  or 
150  drops  are  taken  at  a  dose,  and  preferably  before  meals;  full  diet;  hot 
baths — on  which  he  lays  great  stress;  febrifuges  as  needed,  and  appro- 
priate treatment  for  intercurrent  diseases.  Strychnin  is  considered  a 
sine  qua  nan  in  all  cases.  Persistence  in  treatment  in  spite  of  discourage- 
ment is,  according  to  Dyer,  sometimes  rewarded  by  a  cure  even  when  the 
improvement  only  begins  to  show  itself  after  months  or  years  have  elapsed 
with  no  apparent  result.  Unna  reported  several  cures  from  the  internal 
use  of  ichthyol,  with  pyrogallic  acid  and  chrysarobin  used  externally. 

Attempts  to  treat  leprosy  by  serum-therapy  have  been  made  repeatedly, 
but  so  far  with  little  success.  Tuberculin  seems  to  aggravate  the  symp- 
toms, but  of  the  several  anti-leprous  serums,  although  none  have  been 
prepared  entirely  from  the  specific  bacilli  of  leprosy,  a  culture  of  which 
has  so  far  been  unobtainable,  nevertheless  distinct  improvement  has  been 
in  many  cases  attained  by  the  original  investigator,  while  others  have 
failed  to  note  any  good  results.  Carrasquilla"  injected  horses  with  serum 
from  lepers  and  reported  improvement  in  leprosy  patients  from  injections 
of  the  serum  of  the  horses  so  treated.  As  Metchnikoff  and  Besredka 
obtained  equally  good  results  from  the  senim  of  a  goat  which  had  been 
injected  with  defibrinated  blood  from  a  perfectly  healthy  man,  the  serum 
of  Carrasquilla  is  certainly  not  an  antitoxic  serum  in  the  usual  sense  of 
the  word.  Rost,  of  the  Indian  Medical  Service,  is  the  last  to  have  pro- 
duced a  serum  from  which  great  results  were  hoped,  and  in  fact  seemed 
at  one  time  to  have  actually  been  obtained.  He  believed  that  he  had 
succeeded  in  growing  the  B.  leprae  in  salt-free  media,  and  from  these 
supposed  pure  cultures  he  prepared  his  "leprolin,"  the  use  of  which  was 
followed  by  such  favorable  reports  from  other  investigators,  as  well  as 
from  himself,  that  to  the  outside  world  it  really  seemed  that  the  problem 
of  the  cure  of  leprosy  had  been  solved.  The  cultures  were  soon  proved, 
however,  not  to  be  B.  leprae,  and  the  '^leprolin''  on  which  so  many  hopes 
were  founded  is  no  longer  made.  Calmette^s  antivenine  has  given  good 
results  in  the  hands  of  Dyer,"  but  the  limited  amount  available  and  the 
difficulty  of  getting  it  fresh  prevent  its  general  use. 

Surgical  measures  to  eradicate  the  leprous  lesion  have  been  under- 
taken repeatedly.  Thus  macules  of  early  appearance  have  been  excised, 
and  the  first  tubercles  have  been  destroyed  by  the  actual  or  galvanic 
cautery.  The  results  of  such  early  action  have  not  been  particularly 
encouraging,  but  it  certainly  seems  good  practice,  where  the  lesions  are 
few  and  seen  early  in  the  case,  to  destroy  the  centers  from  which  the  infec- 
tion is  evidently  spreading  to  surrounding  tissue. 

The  use  of  the  j-rays  on  the  growths  in  nodular  leprosy  seems,  in 
selected  cases,  to  promise  very  well.  If  not  a  cure,  at  least  great  im- 
provement results.    In  1903  a  soldier  of  the  United  States  army,*'  with 
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fairly  well-advanced  nodular  leprosy,  was  subjected  to  the  treatment 
by  the  arrays.  No  changes  were  observed  until  from  seven  to  ten  ex- 
posures had  been  given.  Then,  after  a  dermatitis  with  exfoliation  of  the 
skin,  the  smaller  nodules  began  to  disappear,  leaving  areas  of  brown  and 
shining  skin;  the  larger  nodules  diminished  very  much  in  size,  but  did 
not  totally  disappear;  the  fever  and  constitutional  symptoms  improved 
to  a  marked  extent  under  the  treatment.  Urbanowicz*^  reported  nine 
cases  treated  with  the  ar-rays  with  improvement  in  all  the  tubercular 
cases,  but  with  injury  to  the  anesthetic  patients.  He  found  also  that 
ulcers  deepened  under  this  treatment,  and  therefore  considers  it  admis- 
sible only  for  early  cases  of  nodular  leprosy  with  few  neoplasms.  Wilkin- 
son," of  the  Public  Health  and  Marine  Hospital  Service,  reports  from 
Manila  thirteen  cases,  of  which  three  were  cured,  seven  improved,  and 
three  not  improved.  He  believes  that  the  organisms  killed  at  the  spot 
are  absorbed  and  produce  a  certain  amount  of  protection,  as  improve- 
ment of  lesions  at  a  distance  from  those  exposed  to  the  rays  was  marked. 
Altogether  the  use  of  oj-rays  in  leprosy  appears  worthy  of  more  extended 
trial. 

The  treatment  of  leprous  ulcers  by  surgical  means  and  by  the  usual 
antiseptic  or  disinfectant  dressings  calls  for  no  special  mention,  such  pro- 
cedure being,  of  course,  necessary  to  the  patient's  comfort  as  well  as  indi- 
cated to  prevent  the  infection  of  others.  Where  extensive  ulceration  has 
caused  an  extremity  to  be  practically  useless,  amputation  is  sometimes 
called  for.  Surgical  operations  undertaken  upon  lepers  are,  as  a  rule, 
quite  successful,  for  even  when  the  incision  must  be  made  through  infil- 
trated tissue,  healing  is  usually  prompt  and  firm. 

For  the  relief  of  pain,  muscular  atrophy,  and  other  symptoms  of  anes- 
thetic leprosy  various  surgical  procedures  have  been  advocated:  nerve- 
stretching  or  division,  or  scraping  out  the  diseased  perineurium.  No 
permanent  benefit  is  to  be  expected  from  such  action,  but  in  exceptional 
cases  it  may,  of  course,  be  strongly  indicated. 
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TROPICAL  DYSENTERY. 

The  disease,  or  rather  symptom-complex,  known  as  dysentery  is  foimd 
in  cold  and  temperate  as  well  as  in  hot  countries,  but  in  tropical  and  sub- 
tropical regions  it  is  both  much  more  common  and  much  more  severe. 
It  frequently  occurs  in  Umited  areas  endemically,  and  is  recognized  as  the 
greatest  danger  to  health  in  some  particular  place,  although  other  spots 
with  similar  climatic  conditions  may  have  no  such  bad  reputation. 
In  the  endemic  areas  the  disease  is  sporadic,  though  very  common.  It 
is  apt  to  be  insidious  in  attack  and  subacute  or  chronic  in  its  course,  with 
occasional  acute  exacerbations  of  all  the  well-known  symptoms.  Again, 
dysentery  occurs  in  acute  and  fulminant  form  epidemically,  and  armies 
in  the  field,  prisons,  and  asylums  are  swept  by  what  is  evidently  a  rapidly 
infectious  disease,  this  occurring  in  any  climate  and  at  any  season  of  the 
year.  The  former  or  endemic  variety  is  rare  in  cold  climates,  but  widely 
spread  in  warm,  and  is  generally  meant  when  the  term  "  tropical  dysentery" 
is  used. 

Classification. — Dysentery  is  an  inflammation  of  the  large  intes- 
tine accompanied  by  abdominal  pain,  tenesmus,  and  frequent  scanty 
stools  of  mucus  and  blood;  clinically  it  is  acute,  subacute,  or  chronic; 
pathologically  it  may  be  catarrhal,  ulcerative,  diphtheritic,  or  gangrenous; 
etiologically  there  is  as  yet  no  satisfactory  classification,  for  in  its  various 
forms  it  has  certainly  several  and  perhaps  many  exciting  causes.  Re- 
cognizing that  there  are  other  specific  agents,  both  bacterial  and  pro- 
tozoan, very  probably  capable  of  giving  rise  to  dysentery,  at  the  present 
time  we  can  conveniently  divide  the  disease  into  three  classes,  which  un- 
doubtedly include  the  great  majority  of  all  cases. 

First:  Catarrhal  colitis  or  enterocolitis  without  known  specific  cause, 
originally  due  or  partially  due  to  improper  or  undigested  food,  exposure, 
chill,  etc.,  generally  acute  and  of  short  duration,  yielding  readily  to  treat- 
ment, but  occasionally  going  on  to  ulceration  and  running  a  chronic 
course.  These  cases  perhaps  should  not  be  considered  dysentery  at  all, 
but  as  the  classic  symptoms,  abdominal  pain,  tenesmus,  bloody  and  mucous 
stools  are  present,  the  diagnosis  is  generally  so  made.  It  is  common  in 
the  tropics  and  furnishes  a  small  proportion  of  the  chronic  invalids  sent 
home  from  our  Philippine  possessions. 

Second:  BaciUary  dysentery ^  sporadic  or  epidemic,  usually  acute,  often 
rapidly  fatal,  and  due  to  the  B.  dysenteriae  of  Shiga^  or  some  other  strain 
of  the  same  bacillus,  of  which  there  are  several  types  differentiated  by 
their  action  upon  various  sugars,  and  by  the  agglutinative  power  of  im- 
mune serum  upon  pure  cultures.'*  '•  *  This  is  the  epidemic  form  of  dysen- 
tery that  has  devastated  camps,  asylums,  and  prisons.  It  is  a  cosmopol- 
itan disease,  but  is  often  found  in  the  tropics,  where  it  is  especially  grave 
in  type.  The  disease  is  generally  self-limited,  but  chronic  dysentery 
following  acute  attacks  is  not  very  rare. 

Third:  Amebic  dysentery ,  caused  by  the  Amoeba  dysenteriae  (A.  coli), 
acute,  subacute,  and  chronic,  and  if  acute  almost  always  terminating  in  a 
chronic  condition.    This  disease  and  malaria  cause  nearly  all  of  the 
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physical  human  wreckage  sent  home  from  tropical  countries.  If  not  as 
common  as  malaria,  it  has  cost  the  United  States  the  permanent  loss  of 
valuable  officers  and  enlisted  men  to  a  far  greater  degree  than  any  other 
''tropical  disease." 

With  acute  dysentery  surgery  has  nothing  to  do  except  in  the  rare 
event  of  complications,  such  as  intestinal  perforation,  intussusception, 
or  an  abscess  somewhere  in  the  abdominal  cavity.  These  complications 
are  treated  on  the  same  general  principles  as  when  they  arise  in  connection 
with  any  other  disease. 

In  chronic  dysentery,  however,  surgical  treatment  offers  a  valuable 
and,  I  believe,  a  too  much  neglected  means  of  benefit  or  cure.  Suitable  for 
selected  cases  of  chronic  colitis,  no  matter  how  caused,  surgical  treatment 
is  generally  called  for  in  chronic  amebic  dysentery,  and  a  short  description 
of  this  form  is  here  necessary.  In  most  of  the  chronic  cases  seen  in  the 
United  States,  or  returning  from  the  tropics,  amoebae  will  be  found  in  the 
stools  either  constantly  or  when  the  acute  exacerbations  take  place. 

Causes. — ^Amebic  dysentery  is  a  colitis,  rarely  an  ileocolitis,  caused 
by  the  A.  dysenteriae  of  Councilman  and  Lafleur  (A.  coli,  Loesch,  Entam- 
oeba histol)rtica,  Schaudinn),  considered  by  most  authorities  zoologically 
different  from  the  amoeba  often  found  in  the  stools  of  healthy  men,  to 
which  alone  the  name  A.  coli  is  given.  Whether  all  amoebae  found  in  the 
human  intestines  are  potentially  pathogenic,  or  whether  there  are  two 
recognizable  varieties,  harmless  and  disease-producing,  is  yet  a  matter 
of  doubt.  Schaudinn*  described  the  pathogenic  amoeba  (Entamoeba 
histolytica)  as  morphologically  different  from  the  non-pathogenic  (E. 
coli).  On  the  other  hand,  Musgrave  and  Clegg,'  of  Manila,  consider  all 
intestinal  amoebae  potentially  pathogenic  and  believe  there  are  several 
varieties.  Amoebae  are  successfully  cultivated  in  the  laboratory  only  in 
symbiosis  with  various  bacteria.  This  leads  to  the  interesting  question 
as  to  just  what  effect  association  with  the  bacteria  of  the  intestines  may 
have  on  their  pathogenic  powers.  Clinically,  amoebae  from  the  stools 
of  dysenteric  patients  generally  include  red  blood-cells,  while  those  from 
healthy  mendo  not.  This  valuable  diagnostic  sign  doesnot  prove,  however, 
that  the  two  organisms  are  different,  but  only  that  one  is  active  in  a  path- 
ologic process,  and  the  other  is  apparently  doing  no  harm.  There  are  no 
other  certain  means  of  distinguishing  the  two  by  the  clinical  microscope 
at  any  rate.  Abscess  of  the  liver  is  a  common  complication  of  amebic 
dysentery  in  which  the  organism  plays  an  important  part,  so  that  with 
reason  Musgrave  and  Clegg^  have  suggested  the  term  "amoebiasis" 
for  pathologic  conditions  due  to  amebic  infection,  regardless  of  loca- 
tion. 

The  parasite  is  water-borne,  or  may  be  conveyed  by  contaminated 
soil  to  the  mouth  by  dirty  hands  or  from  eating  green  vegetables  grown 
in  sewage-polluted  ground.  Amoeba  dysenteriae  is  readily  found  in  the 
stools  of  most  patients,  and  when  plentiful  it  suffices  to  examine  a  little 
flake  of  mucus  from  the  stool.  Usually  it  is  best  to  give  a  dose  of  saline 
cathartic  and  examine  the  fluid  portion,  for  not  only  will  the  saline  scour 
away  amoebae  from  the  mucous  membrane  in  cases  where  none  are  coming 
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away  in  the  regular  stools,  but  the  organisms  so  secured  are  more  active 
in  movement. 


Fig.  564.— Tropical  Dysentery  (W.  W.  Gray,  Army  Med.  Museum). 
Movements  of  an  ameba,  photographed  at  ten-eecond  intervals;    several  blood-cells  are  included 

in  the  parasite. 
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The  parasite  is  from  15  to  20  /i  in  diameter,  having  an  outer  zone 
(ectosarc)  which  is  very  clear,  and  a  granular  inner  area  (endosarc)  con- 
taining a  nucleus,  several  vacuoles,  and  perhaps  foreign  bodies,  such  as 
bacteria,  blood-cells,  and  food  detritus.  It  moves  by  putting  forth 
protrusions  of  the  ectosarc  in  various  directions,  for  a  time  not  changing 
its  location,  until  presently  the  endosarc  gushes  forth  into  an  unusually 
long  protrusion  and  the  amoeba  moves  across  the  slide.  It  may  be  stained 
in  various  ways,  but  the  presence  of  the  characteristic  movements  is 
necessary  to  prevent  mistaking  the  organisms  for  other  objects  under 
the  lens,  so  that  fresh  specimens  examined  on  a  warmed  slide  must  be 
used  for  diagnosis. 

Pathology. — The  intestinal  lesions  of  chronic  amebic  dysentery 
are  found  in  the  large  intestine  throughout,  occasionally  also  in  the  last 
portion  of  the  ileum.  At  first  the  submucous  tissues  are  edematous,  and 
the  fixed  cells  multiply,  leading  to  an  infiltration  which  elevates  the 
mucous  membrane  in  rounded  patches.  The  membrane  dies  and  is  cast 
off,  leaving  a  jelly-like  grayish  slough,  which,  after  a  while,  comes  away, 
exposing  the  muscular  coat  of  the  gut.  The  ulcers  so  formed  are  small 
or  large,  round,  oval  or  irregular,  and  of  varying  depth  according  to  the 
stage  of  ulceration.  They  penetrate  to  the  submucous,  the  muscular, 
or  the  serous  coat,  and  perforation  is  not  very  rare.  The  ulcers  are  either 
distributed  throughout  the  whole  of  the  large  intestine  or  are  limited  to 
certain  parts;  the  cecum,  the  flexures  of  the  colon,  and  the  rectum  being 
places  of  election.  The  summits  of  the  intestinal  folds  are  common  sites 
of  the  ulcers.  The  edges  of  the  ulcers  are  thickened  and  edematous. 
What  appears  to  be  healthy  membrane  has  often  been  undermined  and 
merely  bridges  over  ulcerated  tracts  communicating  with  other  ulcers. 
For  this  reason  large  pieces  of  membrane  are  frequently  thrown  off  in 
mass.  The  disease  advances  more  or  less  slowly,  attacking  new  tissue, 
while  the  older  ulcers  make  attempts  at  cicatrization.  Some  heal  by 
the  formation  of  fibrous  tissue,  w^hich  may  constrict  the  lumen  of  the  bowel. 
In  a  general  way  infiltration,  ulceration,  sloughing,  and  reparative  proc- 
esses are  going  on  simultaneously  in  the  various  affected  parts,  giving 
an  infinite  variety  to  the  gross  appearances  seen  at  autopsy,  and  account- 
ing for  the  varied  symptoms  that  characterize  chronic  dysentery  through 
its  slow  course.  Amoebae  are  found  in  the  tissues  around  the  ulcers, 
in  the  lymph-spaces,  and  in  the  small  blood-vessels.  Secondary  invasion 
of  the  lesion  by  various  bacteria  is,  of  course,  inevitable.  Infection  of 
the  liver  in  cases  of  amebic  abscess  probably  takes  place  through  the  portal 
vessels,  where  indeed  the  parasites  have  actually  been  found. 

Symptoms. — The  symptoms  of  chronic  dysentery  vary  with  the 
extent  of  bowel  involvement,  the  acuteness  of  the  morbid  process,  and 
with  the  time  for  which  it  has  been  going  on.  Most  of  the  patients  re- 
turned to  the  United  States  have  been  suffering  for  months.  The  cases 
may  have  begun  acutely,  but  more  frequently  they  have  been  subacute 
from  the  first,  soon  assuming  the  chronic  form.  Emaciation  and  great 
debility  develop  as  the  case  progresses.  Periods  of  improvement  and  almost 
apparent  recovery  occur,  and  the  patient's  hopes  are  raised,  only  to  be 
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dashed  to  earth  again  by  the  advent  of  a  sharp  exacerbation  of  pain  and 
bloody  flux.  Some  suffer  most  from  abdominal  pain,  some  rather  from 
tenesmus,  according  to  the  parts  of  the  bowel  involved.  The  most  favor- 
able cases  improve  until  the  general  health  is  almost  normal,  the  body- 
weight  is  recovered,  the  face  has  a  fairly  healthy  color,  the  appetite  is 
good  and  the  strength  sufficient  for  not  too  arduous  work.  By  careful  diet 
and  considerable  self-coddling  such  a  patient  may  keep  himself  free  from 
pain,  and  even  arrive  at  the  point  where  he  has  only  one  or  two  nearly 
normal  bowel  evacuations  per  day.  Nevertheless  he  is  not  well;  a  little 
mucus  may  follow  his  apparently  normal  movements;  he  is  still  unable 
to  do  a  day's  hard  work;  an  imprudence  in  eating  is  followed  by  pain 
and  flux;  if  the  disease  has  affected  the  rectum,  precipitate  or  even  in- 
voluntary movements  are  always  imminent.  In  short,  he  is  a  semi- 
invalid  at  the  best,  with  the  constant  expectation  of  falling  into  a  worse 
condition.  The  average  patient  is  by  no  means  in  even  as  favorable  a 
state  as  this.  He  remains  thin,  anemic,  and  feeble,  with  several  painful 
stools  a  day,  and  progresses  slowly  though  steadily  down-hill. 

Treatment. — ^The  usual  treatment  of  chronic  amebic  dysentery  is 
satisfactory  only  in  that  much  improvement  or  a  partial  cure  is  often 
effected.  So  many  supposed  recoveries  have  been  followed  by  disap- 
pointment, so  many  times  improvement  has  been  succeeded  by  relapse, 
that  it  is  the  rule  to  find  the  physician  with  the  most  experience  to  be 
the  most  pessimistic  in  prognosis.  There  are  indeed  some  recoveries, 
but  many  more  cases  that  stop  short  of  recovery.  Diet,  nursing,  and 
rest  are,  of  course,  very  important  in  all  cases;  in  fact,  with  no  other 
treatment  the  patient  may  improve  to  a  considerable  degree.  Many 
patients  gain  greatly  during  their  voyage  home  from  the  Philippines. 
Medicines  by  the  mouth  have  a  very  limited  value  in  chronic  dysentery. 
Intestinal  antiseptics  so  given  are  unsatisfactory;  opiates  are  only  useful 
to  relieve  pain,  and  bismuth  may  be  actually  harmful  by  coating  the 
ulcerated  bowel,  allowing  the  amccbse  to  flourish  beneath  and  preventing 
any  remedy  from  coming  into  contact  with  the  lesions. 

As  may  be  readily  seen  from  our  knowledge  of  the  pathology  of  the 
disease,  treatment  must  have  two  objects:  to  destroy  the  parasites  if 
present,  and  to  help  cicatrization.  Granting  that  all  the  organisms  can 
be  destroyed,  it  by  no  means  follows  that  the  second  object  will  be  attained, 
for  there  are  obstinate  cases  of  chronic  dysentery  without  amoebae.  It 
seems  evident  that  both  objects  are  best  approached  by  local  treatment 
of  the  ulcerated  gut — surgical  treatment  for  a  surgical  condition. 

Irrigations*  by  the  rectum,  with  solutions,  cleansing,  antiseptic,  and 
lethal,  to  the  amoebae,  have  long  been  used  with  good  effect.  Injections 
must  be  massive  and  distend  the  gut  thoroughly  to  be  really  effective, 
as  the  whole  mucous  surface  of  the  large  intestine  should  be  reached 
by  the  irrigating  fluid.  They  should  be  administered  by  means  of  a  glass 
irrigator,  and  the  tube  should  be  several  meters  in  len^h,  the  rectal  tube 
alone  f  of  a  meter  long  and  of  fairly  stiff  rubber.  The  irrigation  is  to 
be  given  with  the  utmost  gentleness  and  skill,  and  it  is  by  no  means 
an  easy  procedure  to  carry  out  satisfactorily.    The  patient  lies  in  the 
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Sims  pasition,  with  the  hips  elevated  and  the  foot  of  the  bed  raised.  The 
rectal  tube,  well  lubricated,  is  introduced  gently,  the  flow  turned  on  at 
low  pressure,  and  the  tube  carried  up  slowly.  Even  when  the  operation 
is  skilfully  done  the  pain  may  be  very  great,  so  that  but  little  fluid  can 
be  introduced.  In  some  cases  patience  and  the  use  of  small  injections 
at  first,  gradually  increased  from  day  to  day,  will  lead  to  final  tolerance 
of  a  sufficiently  large  amount  of  fluid,  but  many  patients  cannot  or  will 
not  bear  the  pain,  and  the  treatment  must  be  abandoned.  Where  the 
irrigations  are  well  borne  and  the  fluid  can  reach  all  of  the  affected  area, 
the  results  are  most  gratifying  and  prompt.  Two  liters  or  even  more 
ought  to  be  tolerated  in  most  cases,  but  the  maximum  amount  must  be 
learned  from  cautious  experiment,  and  the  fluids  should  be  retained  ten 
or  fifteen  minutes.  When  the  rectum  is  very  irritable,  a  preliminary 
small  injection  of  an  anodyne  solution  containing  cocain,  morphin,  or 
tr.  opii  may  be  called  for;  where  the  bowel  is  manifestly  loaded 
with  feces  or  is  distended  with  gas,  an  irrigation  of  plain  warm  water 
is  first  used,  afterward  the  medicated  fluid.  Many  drugs  have  been  rec- 
ommended: Argyrol  1  :  1000,  protargol  1  :  100,  silver  nitrate  1  :2000, 
hydrogen  peroxid  1  :  10,  acetozone  1: 1000,  etc.,  but  the  most  generally 
useful  is  quinin  sulphate  in  1  :  750  to  1  :  1500  solution.  Quinin  is  very 
lethal  to  the  amoebae  even  in  these  weak  solutions,  but  stronger  solutions 
are  used  by  some.  Manson  recommends  silver  nitrate  1:1000  after  pre- 
liminary cleansing  irrigation,  in  cases  where  acute  symptoms  are  absent. 
The  drawbacks  to  the  treatment  by  rectal  irrigation  are  the  trouble  of 
administration,  the  pain  caused,  and  above  all  the  difficulty  of  reaching 
all  the  lesions. 

Operative  treatment  by  lavage  of  the  large  intestine  through  an  arti- 
ficial opening  into  the  gut  is  not  a  new  suggestion,  but  as  first  used  was 
an  operation  of  last  resort.  An  artificial  anus  was  established  for  the 
purpose  of  giving  the  colon  complete  rest  and  at  the  same  time  allowing 
irrigation  to  any  extent  desired  from  above  downward.  The  radicalness 
of  this  measure  has  not  found  favor  with  many  surgeons,  but  recently 
a  much  less  objectionable  method  suggested  by  Weir^*"  has  been  devised 
which  deserves  more  attention  than  it  has  yet  received.  It  consists  in 
using  the  appendix  when  it  is  healthy,  freely  patulous,  and  of  sufficient 
caliber,  or  of  opening  the  cecum  directly,  providing,  as  in  the  operations 
of  gastrostomy,  against  leakage  of  the  intestinal  contents. 

By  this  method,  it  is  true,  the  colon  is  not  given  complete  rest,  but 
the  patient  is  not  rendered  an  offense  to  himself  and  others;  the  daily 
irrigation  becomes  the  only  daily  evacuation  and  the  small  fistulous 
opening,  when  no  longer  needed,  will  generally  close  of  itself  or  require 
a  very  slight  reparative  operation.  In  the  general  hospitals  of  the  army 
and  at  the  United  States  Soldiers'  Home  in  Washington  the  operation  has 
become  well  known,  and  is  often  done  at  the  earnest  request  of  patients 
who  have  seen  the  relief  it  has  given  others.  This  last  institution  has 
many  chronic  cases  of  amebic  dysentery  in  young  men  returned  from  the 
Philippine  Islands,  who  have  reached  a  fairly  satisfactory  state  of  improve- 
ment, but  have  stopped  short  of  cure.    They  must  remain  hospital  pa- 
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tients,  be  dieted,  nursed  and  treated.  They  can  never  hope  to  do  a  hard 
day's  work  or  be  other  than  semi-invalids.  It  is  this  class  of  dysenteries 
to  whom  the  operation  is  best  adapted.  I  do  not  look  upon  it  as  a  last 
resort  at  all,  but  as  an  entirely  justifiable  procedure  for  its  palliative  effects 
alone,  as  well  as  offering  by  far  the  best  prospect  of  recovery.  Major 
Arthur,  the  surgeon  at  the  Home,  uses  two  operations: 

1.  Appendicostomy. — The  ordinary  incision  for  reaching  the  appendix 
is  made  and  the  appendix  is  brought  out  and  carefully  examined;  if  it  is 
inflamed,  or  not  perfectly  patulous,  it  should  be  removed  and  the  operation 
of  cecostomy  done.  It  may  be  necessary,  in  order  to  determine  positively 
whether  the  appendix  is  patulous  throughout,  to  cut  off  the  extreme  tip  and 
pass  a  small  bougie-^-boule  into  the  cecum,  care  being  taken  to  avoid  soil- 
ing the  wound  when  the  bougie  is  withdrawn.  If  the  appendix  is  found 
to  be  in  good  condition,  it 

is  partly  brought  out  at  the 
lower  end  of  the  incision 
without  disturbing  the  meso- 
appendix,  about  an  inch  and 
a  half  being  left  within  the 
abdomen,  and  that  part 
which  is  to  be  in  contact 
with  the  abdominal  wall 
Ughtly  scraped  to  expedite 
adhesions.  It  is  then  stitched 
at  three  or  four  points  to  the 
skin,  the  stitches  not  en- 
croaching on  the  lumen  of 
the  appendix.  The  incision 
is  then  closed  layer  by  layer 
down  to  the  point  of  exit  of 
the  appendix,  and  a  simple 
dry  dressing  applied.  At  the 
end  of  forty-eight  hours 
sufficient  adhesion  has  taken 
place  to  prevent  leakage  be- 
tween the  appendix  and  the 
abdominal  wall.  The  extruding  part  of  the  appendix  is  cut  off  flush  with 
the  skin  (no  anesthetic  being  necessary) ;  a  closely  fitting  rubber  catheter 
is  introduced,  and  irrigations  begun. 

Some  operators  remove  the  entire  appendix  at  the  primary  operation, 
bringing  the  cecum  close  to  the  wound  and  securing  it  there.  This  pro- 
cedure loses  all  the  advantages  of  the  use  of  the  appendix  and  calls  for  a 
perfectly  useless  search,  as  it  would  save  time  and  trouble  to  make  an 
opening  into  the  cecum  at  once. 

2.  Valvular  Cecostomy. — When  for  any  reason  the  appendix  is  not 
available, — generally  because  it  is  not  easily  found,  or  because  it  is  not 
in  suitable  condition  for  use, — the  cecum  should  be  brought  up,  a  point 
in  one  of  the  muscular  bands  selected,  and  a  valvular  opening  made  on 
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the  principle  of  the  Stamm-Kader  method  of  gastrostomy.  (See  Vol.  Ill, 
p.  941.)  Two  purse-string  sutures  are  made  to  surround  the  point 
selected,  a  very  small  opening  is  made,  through  which  a  snugly  fitting 
catheter  is  pushed  into  the  cecum  for  several  inches.  The  catheter  is 
stitched  with  very  fine  stitches  to  the  edges  of  the  opening;  first  the  inner 
and  then  the  outer  purse-string  is  drawn  taut  and  tied  securely,  thus 
raising  up  enough  tissue  around  the  tube  to  obtain  a  firm  bearing  surface. 
The  ends  of  these  sutures  are  secured  to  the  abdominal  wall  to  prevent  the 
cecum  falling  back  into  the  abdomen,  and  irrigations  maybe  begun  at  once. 

Of  the  two  operations,  the  first  is  to  be  preferred.  It  secures  a  long, 
firm,  bearing  surface,  minimizes  the  danger  of  leakage,  and  allows  for 
subsequent  closure  of  the  fistula  by  a  very  trifling  operation,  if  indeed  the 
opening  does  not  close  of  itself.  The  danger  of  ventral  hernia  is  less  than 
where  cecostomy  is  done.  This  use  of  the  appendix  may  also  be  appUcable 
to  other  conditions  than  the  one  under  consideration  and  deserves 
more  notice  than  it  has  received. 

The  improvement  after  operation  is  most  gratifying;  the  patient  is  soon 
able  to  extend  his  diet  so  as  to  include  almost  any  ordinary  food;  the 
numerous  scanty  stools  are  replaced  by  one  sufficient  and  painless  evac- 
uation at  the  time  of  the  irrigation,  so  that  the  patient  can  go  about  with- 
out constant  apprehension  and  annoyance.  The  weight  and  strength 
increase.  A  final  cure  is  much  more  likely  to  occur  than  under  any 
other  treatment,  and,  at  the  worst,  the  pleasure  of  Uving  is  more  or  less 
restored  to  the  sufferers.  The  small  fistulous  openings  are  not  offensive 
to  others,  and  the  irrigations  and  dressings  can  easily  be  managed  by 
the  patients  for  themselves. 

There  are  certain  cases  of  chronic  amebic  d)rsentery  which  proceed 
slowly  but  inevitably  to  a  fatal  termination  without  improvement.  At 
the  autopsy  table  it  is  seen  that  the  lesions  are  of  such  extent  that  the 
entire  gut  is  practically  disintegrated.  The  pathologic  process  has  at 
no  time  been  very  acute,  but  has  involved  so  large  an  area  as  to  prevent 
any  attempt  on  the  part  of  nature  to  repair  damages.  It  is  discrediting 
a  valuable  method  of  treatment  to  confine  operation  to  such  hopeless 
cases.  Patients  who  show  by  their  resix)nse  to  treatment  by  rest,  diet,  or 
medication,  that  their  large  intestines  are  not  entirely  crippled  are  the  ones 
for  which  irrigation  from  cecum  to  outlet  is  most  suitable. 
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TROPICAL  ABSCESS  OF  THE  LIVER. 

Tropical  abscess  of  the  liver  is  another  manifestation  of  amebiasis, 
and  is  always  found  associated  with  amebic  dysentery,  active  or  latent. 
The  qualifying  word  ''tropical''  is  better  justified  in  this  complaint  than 
in  many  othens,  for  although  the  geographic  distribution  is  in  general  the 
same  as  that  of  amebic  dysentery,  it  is  proportionately  much  rarer  in 
temperate  climates.  Hepatic  abscess,  not  amebic,  due  to  pyemia  or  to 
the  direct  extension  of  a  neighboring  suppurative  process,  has  of  course 
no  special  climatic  limits,  and  although  its  occurrence  is  favored  by  tropi- 
cal conditions,  it  must  be  looked  upon  as  a  cosmopolitan  disease. 

Causes. — The  amebic  abscess  is  especially  common  in  adult  white 
males  resident  in  the  tropics.  The  natives,  who,  as  is  well  known,  possess 
a  decided  immunity  to  dysentery  as  compared  with  white  men,  are  even 
more  immune  to  abscess  of  the  liver.  White  women  and  children  are 
very  subject  to  dysentery,  but  seldom  have  abscess.  The  causes,  there- 
fore, of  this  most  serious  tropical  complaint  are  both  predisposing  and 
specific.  The  life  of  a  white  man  in  the  tropics,  as  already  mentioned, 
is  such  that  torpor  of  the  liver  is,  under  the  most  favorable  circumstances, 
hard  to  avoid.  When  to  the  effects  of  heat  are  added  excessive  proteid 
consumption,  lack  of  exercise,  and  alcoholic  indulgence,  then  congestion, 
enlargement,  and  perhaps  structural  change  of  the  organ  are  to  be  ex- 
pected. An  overworked  liver  may  be  still  further  injured  by  the  almost 
inevitable  attacks  of  malarial  fever.  When  conditions  are  thus  ripe  for 
bacterial  or  protozoan  infection,  an  exposure  to  cold  or  a  slight  trauma- 
tism may  excite  the  invasion.  Alcoholism  is  considered  by  most  authori- 
ties as  strongly  predisposing  to  abscess  of  the  liver,  but  it  seems  probable 
that  its  importance  as  an  etiologic  factor  has  been  exaggerated.  It  is 
one,  and  perhaps  the  most  frequent,  predisposing  cause,  but  long  series 
or  cases  occurring  in  temperate  men  have  been  reported.  To  all  of  these 
conditions — overeating,  overdrinking,  fatigue,  exposure,  etc. — white 
male  residents  are  much  more  subject  than  their  carefully  protected 
women  and  children,  or  the  indolent  temperate  natives.  It  is  more  than 
doubtful  whether  abscess  ever  occurs  as  a  primary  lesion  of  amebiasis; 
in  all  cases  dysentery  is  present  or  has  previously  existed.  Where  no 
dysenteric  symptoms  are  found  and  no  history  of  an  antecedent  attack 
can  be  elicited,  the  insidious  character  of  intestinal  amebiasis  must  be 
borne  in  mind.  Patients  often  have  the  dysentery  in  such  mild  chronic 
form  that  it  does  not  attract  their  attention  enough  to  lead  them  to  seek 
medical  aid,  the  occasional  looseness  of  the  bowels  being  considered 
"diarrhea,"  which  is  too  common  an  occurrence  in  the  tropics  to  provoke 
a  second  thought  unless  unusually  profuse  or  painful. 

The  parasites  do  not  differ  from  those  found  in  the  bowel  walls  and 
voided  with  the  stools  in  dysentery.  They  exist  in  the  contents  of  the 
abscesses  or  in  the  partially  disintegrated  liver  tissue  immediately  sur- 
rounding them,  being  more  numerous  and  more  actively  motile  in  the 
latter  situation.  In  old  abscesses  that  have  run  a  chronic  course  amcebae 
may  be  absent.     Bacteria  of  various  kinds  may  l)e  associated  with  the 
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amoebae  or  the  pus  may  be  entirely  sterile  in  bacteria.  Streptococci, 
staphylococci,  proteus,  colon  bacillus,  and  bacilli  closely  resembling  the 
organisms  of  tjrphoid  fever,  have  all  been  found.  Bacteria  are  seldom 
plentiful  in  amebic  abscess.  Kartulis,*  who  first  found  amoebae  in  the 
liver,  teaches  that  bacteria  are  always  brought  in  with  the  parasites, 
but  sometimes  die  out  in  long-standing  abscesses,  having  less  resistance 
than  the  animal  organisms.  Kruse  and  Pasquale*  believe  that  bacteria 
are  necessarily  associated  with  the  amoebae  in  abscess  production.  Coun- 
cilman and  Lafleur,'  on  the  other  hand,  found  only  amoebae  in  small 
abscesses  in  their  earliest  stage,  and  teach  that  they  alone  are  the  initial 
active  agents. 

The  recent  work  of  Musgrave,  in  Manila,  demonstrating  the  necessity  of 
symbiosis  in  the  artificial  cultivation  of  amoebae,  is  here  very  suggestive, 
and  would  rather  indicate  bacterial  cooperation  in  all  the  lesions  of 
amebiasis. 

The  infection  of  the  Uver  from  the  intestinal  lesions  is  doubtless  most 
often  by  the  blood-stream,  as  the  organisms  are  found  in  the  small  vessels 
near  the  ulcers,  and  also  have  been  detected  in  the  portal  vessels.  It  is 
very  improbable  that  the  invasion  of  the  liver  ever  takes  place  through  the 
lymphatics,  for  although  amoebae  are  seen  in  the  lymph-spaces  of  the 
intestinal  wall,  the  glands  seldom  contain  them  and  are  never  distinte- 
grated  by  them.  Infection  through  peritoneal  surfaces  has  been  fairly 
well  proved,  amoebae  having  been  found  in  the  exudate  of  a  peritonitis 
involving  the  intestinal  coils  and  the  surface  of  the  liver. 

Morbid  Anatomy. — In  about  three-fourths  of  amebic  cases  there 
is  a  single  abscess,  but  taking  all  hepatic  suppurations,  however  caused, 
the  proportion  of  single  to  multiple  abscess  is  more  nearly  equal.  When 
there  are  several  abscesses,  one  is  usually  larger  and  evidently  of  longer 
standing  than  the  others. 

The  liver  is  pale  or  congested ;  it  may  be  enlarged,  or,  when  the  abscess 
is  excluded,  not  above  the  normal.  Where  the  abscess  is  superficial, 
localized  perihepatitis  is  found  and  adhesions  readily  take  place,  as,  for 
instance,  in  the  very  common  case  of  abscess  of  the  dome  of  the  liver, 
where  the  diaphragm  may  be  tightly  adherent  to  the  organ.  The  smallest 
abscesses  are  exceedingly  minute,  to  be  measured  only  in  millimeters; 
the  largest  may  reach  the  diameter  of  12  to  15  cm.  The  situation  may 
be  anywhere  in  the  liver  structure,  but  four-fifths  of  all  are  in  the  right 
lobe.  Next  to  the  dome,  the  under  side  of  the  liver  near  the  hepatic 
flexure  of  the  colon  is  a  favorite  site.  Lai^e  single  abscesses  are  more 
apt  to  be  deep-seated,  but  when  the  lesions  are  multiple  and  of  small  size, 
they  are  generally  superficial. 

The  shape  of  the  abscesses  varies  with  the  duration  of  the  disease, 
or,  in  other  words,  with  the  acuteness  of  the  destructive  process.  The 
small  and  recent  ones  are  simply  necrotic  areas  and  the  contents  are  semi- 
fluid only.  On  section  a  little  glair>'^  fluid  exudes,  leaving  a  yellow-gray, 
spongy  mass  behind.*  As  the  abscesses  become  larger  and  older,  lique- 
faction of  the  contents  becomes  more  marked.  The  walls  are  generally 
irregular,  consisting  of  necrotic  tissue  gradually  shading  off  into  normal 
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liver  structure.  There  is  seldom  much  inflammatory  reaction  in  the 
neighboring  tissue  and  but  little  accumulation  of  leukocytes.  A  well- 
marked  abscess  wall  is  rare;  only  in  old  and  very  chronic  abscesses  is 
there  found  a  connective-tissue  layer,  which,  however,  may  be  well 
organized  and  very  tough.  The  pus  from  abscesses  is  usually  very  thick 
and  viscid,  yellow-brown  or  chocolate  colored,  with  small  clots  of  blood 
and  translucent  streaks  of  mucus-looking  material.  It  may  be  tinged 
green  from  bile,  and  often  contains  quite  large  shreds  of  partly  disinte- 
grated hepatic  tissue.  Microscopically  it  contains  granular  detritus  and 
fragmented  cells,  leukoc)rtes,  red  blood-cells,  either  scantily  or  in  great 
abundance.  The  comparative  absence  of  leukocytes  is,  according  to 
Lafleur,*  very  characteristic  of  amebic  abscess.  Amoeb®  are  present 
in  the  pus  in  a  considerable  proportion  of  cases.  The  organisms  are 
often  absent  from  old  chronic  abscesses,  but  are  plentiful  in  the  small 
recent  ones.  Even  when  amoebae  are  not  found  in  the  pus  they  may  still 
exist  in  the  partially  necrosed  surrounding  tissues,  and  are  indeed  more 
active  when  so  found.  Bacteria,  if  present  at  all,  are  scarce,  unless  ther^ 
is  mixed  infection,  as,  for  instance,  in  abscesses  adjacent  to  the  flexure 
of  the  colon,  where  an  amebic  infection  is  apt  to  be  followed  by  a  secondary 
invasion  of  pyogenic  bacteria. 

The  great  irregularity  of  the  periphery  of  the  abscesses  is  due  to  the 
fact  that  the  interlobular  areas  are  more  easily  disintegrated  than  are 
the  periportal  areas,  *'  which  persist  until  they  are  detached  from  the  wall 
by  the  confluence  of  the  foci  of  interlobular  necrosis."' 

Councilmen  and  Lafleur  also  recognized  in  amebiasis  of  the  liver  a 
wide-spread  cell  necrosis  around  the  central  veins  of  the  lobules,  generally 
most  marked  in  the  neighborhood  of  the  abscess,  but  not  confined  to  such 
parts.  These  foci  do  not  contain  amoebae  and  may  be  explained  by  the 
action  of  some  soluble  toxin  produced  by  the  parasites,  while  the  disinte- 
gration and  liquefaction  constituting  the  abscess  are  due  to  the  direct 
action  of  the  living  amoebae  upon  the  tissue  previously  rendered  necrotic. 

Involvement  of  the  lower  lobe  of  the  right  lung  in  the  abscess  formation 
is  not  an  uncommon  occurrence.  It  occurs  in  abscess  of  the  dome,  and 
is  a  direct  extension  through  the  diaphragm,  which  is  adherent  to  the 
lower  surface  of  the  lung  and  to  the  liver. 

There  may  be  an  opening  in  the  diaphragm  or  the  two  abscess  cavities 
may  show  no  visible  channel  of  communication  through  the  thickened 
partition.  The  pulmonary  abscess  is  deep-seated  and  central.  The 
neighboring  lung  tissue  is  consolidated,  and  the  cavity  may  be  full  of  pus, 
or,  if  there  has  been  perforation  into  a  large  bronchus,  it  will  be  kept 
fairly  empty  by  coughing  and  expectoration.  The  pus  is  similar  to  that 
in  the  liver  abscess,  and  may,  of  course,  contain  living  amoebae. 

Symptoms^ — ^The  patient  is  either  a  suflFerer  from  dysentery  or  will 
give  a  history  of  having  had  a  flux  at  some  time — it  may  be  weeks  or  months 
— ^previously.  Generally  there  is  existing  dysentery,  more  or  less  severe, 
for  the  occurrence  of  the  liver  infection  is  apparently  in  no  way  depend- 
ent upon  the  severity  of  the  intestinal  disease.  Abscess  seldom  develops 
before  the  dysentery  has  existed  six  or  seven  weeks,  but  it  may  then 
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occur  at  any  time,  when  the  dysentery  has  been  going  on  for  many  months, 
often  when  the  patient  is  steadily  improving  or  even  considered  as  cured. 

Pain  in  the  hepatic  region  is  an  early  symptom,  sometimes  dull  and 
steady  (when  it  is  too  much  like  the  aching  or  dragging  of  the  commonly 
torpid  and  engorged  liver  of  tropical  residents  to  attract  much  attention), 
or  sharp  and  tearing  in  character.  A  characteristic  site  of  pain  is  in 
the  right  shoulder,  reflected  from  the  hepatic  terminals  of  the  right  phrenic 
nerve  through  the  fourth  cervical  to  the  brachial  and  cervical  plexuses. 
It  may  radiate,  therefore,  over  the  neck,  the  scapular  or  clavicular  regions, 
or  down  the  arm,  and  is  constant  or  intermittent,  dull  or  acute.  Pain  over 
the  liver  is  felt  in  the  epigastrium,  the  right  hypochondrium,  or  in  the 
lower  axilla.  When  the  pain  is  severe  the  patient  assumes  a  character- 
istic decubitus,  lying  upon  the  right  side  of  the  back  with  the  body  curved 
to  the  right  and  the  right  limb  drawn  up.  Pain  is,  on  the  whole,  almost 
a  universal  symptom,  but  it  is  quite  possible  for  a  liver  abscess  to  attain 
a  great  size  without  pain  enough  to  call  serious  attention  to  the  part. 
Godlee*  speaks  of  a  young  officer,  suspected  of  having  an  abscess,  going 
through  a  winter's  hunting  and  returning  to  show  himself  well,  as  he 
thought,  although  the  abscess  was  almost  ^'pointing"  at  the  epigastrium. 
Some  of  the  cases  where  abscess  is  first  diagnosticated  after  years  of  com- 
paratively good  health  have  intervened  since  the  patients  returned  from 
the  tropics,  and  since  the  last  dysenteric  symptoms,  must  be  of  this  nature. 
Certainly  it  is  often  impossible  even  to  estimate  approximately  the 
length  of  time  such  abscesses  have  been  developing. 

Fever  is  also  a  constant  symptom,  although  it  may  not  be  severe; 
very  rarely  it  may  be  entirely  absent.  A  high  average  temperature 
generally  indicates  bacterial  infection,  as  purely  amebic  abscesses  gener- 
ally do  not  give  a  high  elevation.  The  fever  varies  with  the  acuteness 
of  the  disease  and  with  its  duration.  In  acute  and  sthenic  cases  the  temper- 
ature is  continuously  high  for  days  and  then  becomes  remittent  in  the 
morning,  as  in  suppurative  conditions  generally.  In  slow  and  chronic 
abscess  formation  the  fever  is  slight,  with  periods  of  several  days  of  apy- 
rexia  and  a  very  gradual  development  of  a  low-grade  remittent  curve. 
Irregular  fluctuations  in  the  fever  charts  are  common  enough  in  any  type 
of  abscess.  An  initial  chill  is  significant  when  it  occurs,  but  is  very  often 
absent  in  amebic  abscess.  Indefinite  chilly  sensations,  however,  may 
occur  with  daily  regularity,  preceding  the  evening  rise  of  the  temperature, 
and  closely  simulating  a  quotidian  malarial  fever.  Sweating  is  a  usual 
symptom,  occurring  irregularly  by  day  and  night,  and  in  advanced  cases 
it  is  very  profuse,  drenching  the  clothing  and  bedding.  It  is  a  valuable 
diagnostic  sign  in  patients  seen  in  temperate  climates,  but  does  not  have 
much  significance  in  the  tropics,  where  almost  all  bed-patients — ^to  say 
nothing  of  doctors  and  nurses — spend  half  their  time  in  a  drenched 
condition. 

The  pulse  and  respiration  are  both  accelerated,  the  latter  being  mark- 
edly so  when  involvement  of  the  lung  has  taken  place.  The  skin  is  sallow 
and  slightly  jaundiced;  the  tongue  foul,  and  there  are  various  gastro- 
intestinal derangements.    The  appetite  is  lost  from  the  first,  while  thirst 
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is  increased.  Nausea  and  vomiting  are  not  common  symptoms,  and  in- 
dicate either  an  abscess  on  the  under  surface  of  the  liver  near  the  stomach, 
or  else  they  occur  where  the  lung  is  involved,  and  fits  of  coughing  produce 
vomiting.  A  return  of  the  dysenteric  stools  is  quite  common,  if  not 
already  present.  However,  the  bowels  may  be  constipated,  the  stools  being 
pale  colored  from  absence  of  bile. 

Wasting  and  loss  of  strength  progress  slowly  or  rapidly,  according  as 
the  case  is  acute  or  chronic,  there  being  the  greatest  difference  between 
individual  cases  in  this  respect.  In  one  case  the  symptoms  are  serious 
from  the  first,  the  patient  rapidly  going  down-hill;  in  another  the  change 
for  the  worse  is  so  slow  that  the  true  condition  is  overlooked  or  mistaken 
for  something  else. 

The  physical  signs  of  abscess  of  the  liver  are  unfortunately  generally 
obscure  at  the  time  when  it  is  most  important  to  make  a  diagnosis.  Also 
the  diagnosis  is  more  difficult  when  the  lesion  is  in  its  commonest  situation 
— deep-seated  in  the  right  lobe. 

Percussion  shows  enlargement  of  the  liver  dullness,  relatively  early, 
downward  and  to  the  center  when  the  abscess  is  in  the  left  lobe;  downward, 
when  in  the  anterior  and  lower  part  of  the  right  lobe.  When  the  middle 
of  the  right  lobe  is  affected  and  the  abscess  is  deep-seated,  or  when  the 
lesion  is  in  the  dome  adjacent  to  the  diaphragm,  the  dullness  extends 
upward. 

Inspection  reveals  nothing  unless  the  abscess  is  very  large,  in  which 
case  there  may  be  fullness  of  the  lower  thoracic  region,  or  obliteration  of 
the  right  costal  margin  or  of  the  epigastric  hollow.  Rhoads  also  notes 
engorgement  of  the  superficial  veins  over  the  liver  as  an  early  symptom. 
Measurements  may  occasionally,  although  rarely,  show  the  right  side 
of  the  thorax  to  be  larger  than  the  left. 

On  palpation  the  edge  of  the  liver  may  sometimes  be  felt.  There 
is  sensitiveness  to  pressure  through  the  abdominal  walls,  or  sometimes 
over  the  lower  ribs  and  cartilages.  With  superficial  abscesses  there  is 
peritonitis,  and  the  slightest  pressure  is  extremely  painful.  Also  the 
right  rectus  muscle  is  rigid — a  valuable  sign,  as  it  occurs  before  perito- 
nitis is  otherwise  evidenced.  Fluctuation  is  felt  only  exceptionally,  and 
in  large  abscesses  pointing  anteriorly. 

When  the  lung  is  involved,  the  fact  is  manifested  much  more  by 
general  symptoms,  pain,  hacking  cough,  and  purulent  expectoration,  if 
the  abscess  ruptures  in  that  direction,  than  by  any  very  definite  physical 
signs.  The  expansion  of  the  right  side  is  diminished;  the  percussion 
sound  is  dull  from  extension  of  Uver  dullness,  the  breathing  over  the 
lower  lung  is  very  faint  or  inaudible;  friction  sounds  may  be  heard. 
After  rupture  there  is  bronchial  breathing  and  coarse  and  bubbling  rdles 
with  sudden  diminution  in  the  liver  dullness,  or  possibly  all  the  signs  of 
a  lung  cavity  are  present. 

Diagnosis  and  Course  of  the  Disease.— The  diagnosis  of  liver 
abscess  is  an  easy  matter  only  when  the  symptoms  are  acute  and 
well-marked,  or  when  the  abscess  is  in  certain  locations.  Very  often 
it  is  extremely  difficult.    A  proper  history  of  the  case  is  of  the  utmost 
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importance,  and  an  antecedent  dysentery,  even  if  long  past,  is  very 
significant;  the  actual  presence  of  amoebae  in  the  stools  still  more  so. 
In  the  absence  of  physical  signs  especially  indicating  liver  disease,  a 
wrong  diagnosis  of  certain  common  infections  is  very  apt  to  be  enter- 
tained, such,  for  instance,  as  sepsis,  tuberculosis,  or  chronic  malarial  in- 
fection. Especially  common  is  this  last  error,  and  excusably  so  in  many 
instances,  for  not  only  are  the  general  symptoms  strikingly  like  those 
of  an  irregular  malarial  fever,  but  liver  abscess  and  dysentery  are  very 
often  coexistent  with  chronic  malaria.  Unless,  therefore,  the  signs  of 
liver  abscess  have  been  unusually  clear,  we  will  nearly  always  find  that 
the  patients  have  been  thoroughly  cinchonized  for  the  relief  of  their 
obstinate  "malaria."  When  the  presence  of  a  collection  of  pus  in  the 
liver  is  made  out,  the  diflferential  diagnosis  from  suppurating  hydatid 
or  non-amebic  abscess  is  difficult,  or  perhaps  impossible,  without  surgical 
exploration.  An  empyema  may  also  be  hard  to  differentiate.  If  all 
the  symptoms  are  clear  as  to  liver  abscess,  an  attempt  should  be  made 
to  determine  its  location  from  general  signs,  and  occasionally  much  use- 
less probing  of  the  organ  may  be  thus  avoided.  Boinet"  gives  the  follow- 
ing as  valuable  localizing  symptoms: 

1.  Deep  central  abscess — the  pains  are  vague,  deep,  and  increased 
by  shaking  the  liver;  the  change  in  the  shape  of  the  organ,  as  evinced 
by  dullness,  is  slight;  the  patient  moves  himself  without  difficulty;  there 
are  seldom  any  serious  gastric  symptoms. 

2.  Superficial  abscess — peritonitis;  the  pain  is  acute  and  spreading; 
the  diaphragm  is  elevated  (if  in  the  right  lobe) ;  there  is  possible  displace- 
ment of  the  heart  or  dyspnea  (left  lobe);  there  is  fixation  of  the  abdom- 
inal wall  and  friction  sounds. 

3.  Abscess  of  concave  surface  of  liver — ^there  are  pain  in  the  lumbar 
region,  vomiting  and  icterus. 

Urinalysis  gives  little  information  of  value.  Urea  is  diminished  and 
slight  traces  of  albumin  are  often  present. 

Leukocytosis  with  special  increase  of  the  polymorphonuclears  is  a 
valuable  and  early  diagnostic  sign,  taken  in  connection  with  other  symp- 
toms, but  it  must  not  be  forgotten  that  unmixed  amebic  abscess  does  not 
provoke  very  intense  inflammatory  reaction  with  high  leukocytosis.  As 
early  diagnosis  is  all-important  and  is  often  difficult,  blood  examination 
should  never  be  omitted,  and  even  a  moderate  leukocytosis,  if  there  is 
increase  of  polymorphonuclears,  is  regarded  as  a  significant  early  symp- 
tom. A  moderate  but  progressive  anemia  is  also  to  be  expected. 
Eosinophilia  is  generally  found,  but  has  little  diagnostic  value,  being 
common  to  all  diseases  due  to  animal  parasites. 

Radiography  is  of  Uttle  value  as  an  early  means  of  diagnosis.  In 
far-advanced  cases  changes  in  the  liver  contour  and  fixation  of  the  diar 
phragm  may  be  disclosed,  or  a  perihepatic  collection  of  pus  may  be 
differentiated. 

Diagnosis  by  exploratory  puncture  or  by  laparotomy  will  be  con- 
sidered under  the  head  of  treatment. 

On  the  whole,  the  diagnosis  of  early  amebic  abscess  short  of  surgical 
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exploration  must  be  made  from  a  careful  consideration  of  many  ill- 
defined  symptoms,  no  one  of  which  singly  is  of  much  importance.  When 
any  of  the  classic  signs  are  very  well  marked,  the  disease  will  generally 
be  found  well  advanced  or  there  is  mixed  infection.  With  a  history  of 
dysentery,  a  combination  of  many  of  the  symptoms  already  described, 
even  when  too  slight  to  have  brought  the  patient  to  bed,  will  justify  more 
radical  means  of  exploration. 

Prognosis. — Liver  abscess  untreated  surgically  is  a  very  fatal 
disease.  Encystment  of  a  small  abscess  is  perhaps  possible,  but  certainly 
extremely  rare,  and  rupture,  however  favorable  in  direction,  is  seldom 
followed  by  recovery.  In  about  one-fourth  of  all  cases  life  will  last 
long  enough  for  rupture  to  occur.  The  most  usual  direction  is  into  the 
lung  or  pleural  sac;  in  the  first  case  a  septic  pneumonia  is  to  be  feared, 
in  the  latter  an  empyema.  Very  exceptionally  evacuation  through  the 
lung  is  followed  by  recovery,  but  more  often  the  lung  abscess  will  repeat- 
edly fill  and  be  discharged  through  the  air-passages  until  the  patient  dies 
exhausted.  Evacuation  into  the  colon,  a  very  rare  occurrence,  gives 
usually  only  temporary  relief,  with  final  death  from  sepsis.  Rupture 
externally  through  the  abdominal  walls,  rare  at  best,  is  apt  to  find  the 
patient  in  such  an  exhausted  state  as  to  offer  but  little  hope.  Multiple 
abscess  is  always  unfavorable. 

Treatment. — Surgical  evacuation  and  drainage  of  liver  abscess  are 
practically  the  only  means  of  treatment  giving  any  hope  of  a  cure. 
Whether  the  patient  will  finally  completely  recover  his  health  depends,  of 
course,  not  only  upon  the  success  of  the  operation,  but  also  upon  the 
outcome  of  the  intestinal  disease.  As  far  as  the  hepatic  lesion  is  concerned 
prompt  surgical  interference,  properly  undertaken,  is  very  satisfactory, 
the  mortality  in  cases  of  solitary  abscess  being  now  not  over  14  per  cent., 
while  some  multiple  abscesses  are  successfully  treated.  Failure  in  cases 
where  the  lesion  is  single  is  generally  due  to  delay  while  awaiting  the 
disease  to  declare  its  presence  by  unmistakable  symptoms.  So  im- 
portant is  early  diagnosis  and  immediate  operation,  that  where  a  strong 
suspicion  of  liver  abscess  exists  the  tendency  now  is  to  perform  unhesi- 
tatingly an  exploratory  laparotomy,  and  locate  the  lesion  by  direct  in- 
spection, palpation,  or  puncture  of  the  organ.  Surgeons  who  are  un- 
willing to  use  such  radical  measures  of  diagnosis — and  they  are  perhaps 
still  in  the  majority — depend  upon  exploratory  aspiration  with  a  large- 
sized  needle.  Sometimes  the  location  of  the  abscess  is  easily  made  out 
by  such  exploration,  but  very  often  repeated  punctures  in  all  directions 
give  no  result;  especially  is  this  likely  to  be  the  case  in  beginning  abscesses, 
which  escape  puncture  on  account  of  their  small  size.  Besides,  these 
early  lesions  are  rather  areas  of  necrosis  going  on  to  liquefaction  than 
true  abscesses,  and  no  pus  will  be  obtained  even  when  the  needle  has 
entered  the  right  spot,  as  the  contents  are  too  thick  to  run  through  the 
aspirating  needle,  or  the  lumen  may  be  blocked  by  a  fragment  of  tissue. 
The  procedure  cannot  be  considered  altogether  free  from  danger,  although, 
as  a  rule,  no  harm  results  from  it.  Repeated  punctures  are  sometimes 
followed  by  considerable  shock,  and  there  is  danger  of  conveying  infected 
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matter  to  the  pleural  or  peritoneal  cavities  in  withdrawing  the  needle. 
When  aspiration  has  been  decided  upon,  the  patient  must  be  prepared 
and  all  things  be  made  ready  for  free  evacuation  and  drainage  in  case 
the  abscess  is  located.  Robinson'  determined  from  experiment  on  the 
cadaver  that  the  most  promising  spot  for  puncture  with  the  exploring 
needle  is  in  the  mid-axillary  line,  through  the  eighth  interspace,  as  about 
one-half  of  the  liver  may  be  searched  in  all  directions  thence,  includ- 
ing the  part  that  is  most  likely  to  be  aflfected.  Additional  punctures 
may  be  required  in  the  right  and  left  lobes,  made  near  the  median  line 
of  the  abdomen  below  the  free  border  of  the  ribs.  Rhoads*  recommends 
S3n5teraatic  examination  of  the  entire  organ  through  the  curvilinear  in- 
cision below  the  margin  of  the  ribs,  with  the  center  over  the  gall-bladder. 
The  incision  is  made  large  enough  to  admit  the  whole  hand,  and  the  pal- 
pation is  begun  on  the  under  surface  of  the  liver,  starting  at  the  right  side, 
inserting  the  fingers  to  the  posterior  limits,  then  withdrawing  the  hand, 
and  making  the  examination  of  the  upper  surface  from  right  to  left.  The 
size  of  the  liver  and  its  relations  to  external  landmarks  are  thus  de- 
termined, adhesions  and  irregularities  of  contour  are  noted,  and  if  sup- 
puration has  begun,  it  will  be  evinced  to  the  palpating  finger  by  a  sense 
of  "resistant  tense  bogginess"  requiring  some  experience  to  recognize. 
When  an  abscess  is  located,  further  exploration  is  nevertheless  necessary, 
for  there  may  be  another. 

The  location  of  the  abscess  determines  the  route  by  which  it  must 
be  evacuated,  which  may  be  either  infracostally  through  the  abdominal 
wall,  or  through  the  chest  wall.  When  the  abscess  is  in  the  left  lobe, 
in  the  lobulus  Spigelii,  the  lobulus  quadratus,  the  under  or  upper  surface 
of  the  right  lobe,  but  near  the  margin,  Rhoads  uses  his  exploratory  in- 
cision, enlarging  it  if  necessary  so  as  to  bring  a  part  of  the  cut  directly 
over  the  point  of  the  liver  to  be  attacked.  In  abscesses  of  the  upper  part 
of  the  right  lobe  posterior  or  deep-seated,  he  closes  the  laparotomy  wound 
and  proceeds  through  the  thoracic  wall. 

When  the  abscess  has  been  located  by  aspiration,  the  needle  should  be 
left  in  situ  as  a  guide  during  the  operation. 

In  cases  suitable  for  infracostal  operation  the  belly  wall  is  opened 
at  the  point  indicated,  which  is  usually  a  fingerbreadth  below  the  costal 
margin  and  external  to  the  rectus  muscle,  although  it  may  possibly  be  in 
the  median  line  of  the  abdomen.  If  adhesions  exist,  protecting  the 
peritoneal  cavity,  the  abscess  is  opened  at  once;  if  there  be  no  adhesions, 
either  a  delay  of  forty-eight  hours  is  allowed  for  their  formation,  or, 
better  still,  the  area  of  liver  surface  to  be  incised  must  be  walled  off 
from  the  surrounding  structures  by  sterile  gauze  before  proceeding 
further.  The  capsule  of  the  liver  is  divided  by  the  knife,  and  when  the 
abscess  is  deep-seated  the  rest  of  the  way  must  be  made  with  the  finger, 
or  by  boring  through  the  tissue  with  a  pair  of  long  closed  hemostatic 
forceps.  The  fear  of  hemorrhage,  which  is  quite  profuse  when  the  liver 
is  incised,  has  led  foreign  surgeons  to  recommend  the  use  of  ihe  cautery 
for  opening  the  abscess,  but  as  bleeding  can  be  controlled  by  packing,  and 
usually  promptly  ceases  when  the  evacuation  is  complete  and  the  con- 
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gestion  of  the  organ  relieved,  this  method  has  not  found  favor  with 
American  surgeons.  The  opening  into  the  abscess  cavity  should  be 
4  or  5  cm.  long,  and  as  soon  as  the  pus  appears  it  must  be  rapidly  sponged 
away  to  avoid  soiling  the  surrounding  gauze  packing.  After  evacu- 
ation the  cavity  is  explored  with  the. finger,  remembering  that  a  so-called 
secondary  abscess  is  often  an  immediate  extension  of  the  first,  separated 
from  it  by  necrotic  tissue  that  may  be  broken  down  by  the  finger.  Curet- 
ment  is  not  to  be  advised.  The  interior  of  the  cavity  is  mopped  dry  and 
drained  with  gauze  strips  and  a  stiff  rubber  tube,  as  gauze  alone  will  not 
drain  away  the  thick  liver  pus. 

In  many  cases  of  liver  abscess  the  route  through  the  thoracic  wall 
is  to  be  preferred,  and  indeed  presents  many  advantages.  As  usually 
located,  the  pus  is  reached  more  directly,  there  is  little  danger  of  perito- 
neal infection,  and  drainage  is  naturally  favored  with  the  patient  in  the 
most  comfortable  position.  A  portion  of  one  or  more  ribs  must  be  ex- 
cised or  else  good  drainage  will  not  be  obtained.  The  cut  through  an 
intercostal  space  is  not  sufficient.  Either  the  wound  will  contract  and  com- 
press the  drainage-tube  or  the  liver,  emptied  of  its  weight  of  pus,  will 
change  its  position  so  that  the  opening  in  the  liver  is  no  longer  in  direct 
line  with  the  external  wound  and  the  tube  slips  out,  or  becomes  "kinked" 
so  that  its  lumen  is  occluded.  The  resections  are  made  at  or  behind  the 
axillary  line,  comprising  portions  of  the  eighth,  the  ninth,  or  of  both 
ribs  as  may  be  indicated,  to  the  extent  of  8  or  9  cm. 

In  cases  where  the  pleural  walls  are  agglutinated  and  the  liver  is  ad- 
herent to  the  diaphragm,  the  abscess  is  entered  boldly  through  all  structures, 
but  if  unaffected,  the  pleural  sac  should  by  all  means  be  kept  uninjured 
whenever  possible.  The  parietal  and  diaphragmatic  layers  may  be  re- 
flected upward  out  of  the  way,  or  if  accidentally  or  unavoidably  cut 
through,  the  wound  in  the  sac  should  be  united  by  sutures.  The 
diaphragm  is  divided,  preferably  in  the  direction  of  its  fibers,  and  when  no 
adhesions  exist,  gauze  must  be  packed  all  around  between  the  diaphragm 
and  the  upper  surface  of  the  liver.  The  liver  is  opened  as  before  de- 
scribed, and  as  low  down  as  circumstances  will  permit,  because  the  organ 
relieved  of  its  load  of  pus  is  apt  to  shift  its  position  upward.  Gauze 
drains  and  a  large  rubber  tulDe  are  used  to  drain  the  cavity  and  are  brought 
out  at  the  posterior  angle  of  the  external  wound,  part  of  which,  after 
securing  satisfactory  drainage,  may  be  closed.  The  after-treatment  con- 
sists of  voluminous  dressings  frequently  renewed  for  the  first  few  days, 
when  the  discharges  are  usually  profuse  and  thick;  later  on,  when  they 
diminish  in  quantity  and  become  thin,  sanious,  and  sometimes  bile- 
stained,  irrigations  with  warm  salt  solution  are  indicated.  About  the 
sixth  day  the  drainage-tubes  and  gauze  may  safely  be  removed,  and 
are  then  to  be  renewal  daily  and  irrigation  practised  until  all  discharge 
ceases  and  the  cavity  fills  up.  Anod>'nes  and  stimulants  are  used  as 
required  after  operation,  and  careful  dietary  and  nursing  kept  up  until 
recovery  is  complete. 

A  method  advocated  by  Manson"  of  evacuating  liver  abscesses  should 
here  be  mentioned.    The  pus  having  been  located  by  the  aspirator,  the 
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skin  is  incised  slightly  and  a  trocar  with  its  cannula  f  inch  in  diameter 
is  plunged  into  the  cavity.  A  stout  rubber  tube  one-half  inch  in  diameter 
and  six  inches  long  is  stretched  to  twice  its  length  over  a  steel  stilet,  and 
in  this  condition  can  be  made  to  pass  through  the  lumen  of  the  cannula. 
The  trocar  is  withdrawn,  allowing  enough  pus  to  escape  to  relieve  tension, 
and  the  stretched  tube  is  inserted  until  the  deepest  wall  of  the  abscess 
is  reached.  Removing  the  cannula  by  sliding  it  over  the  tube,  the  distal 
end  of  the  stilet  is  disengaged  and  the  tube  allowed  to  slacken  back  into 
the  puncture  wound,  while  the  proximal  end  is  held  finnly  against  the 
bottom  of  the  pus  cavity.  Manson  uses  two  steel  buttons  as  ''points 
d'appui"  for  the  ends  of  the  stilet,  lashing  them  firmly  within  the  lumen 
of  the  tube  at  each  end,  the  buttons  having  a  hollow  shank  to  receive  the 
point  of  the  stilet.  The  same  object  may  be  attained  by  using  a  blunt 
or  ball-tipped  rod  and  simply  tying  the  ends  of  the  tube  firmly.  This 
operation  has  its  uses,  no  doubt.  It  has  no  terrors  for  the  most  timid 
surgeon,  and  in  the  absence  of  hospital  advantages,  trained  assistance 
and  nursing,  or  in  the  hands  of  a  general  practitioner  unprepared  for 
abdominal  surgery,  it  is  yet  to  be  commended.  In  the  light,  however, 
of  the  excellent  results  of  early  and  radical  measures  in  this  serious 
disease  it  is  not  likely  that  a  well-equipped  surgeon  will  be  contented 
with  anything  less  than  complete  exploration  and  perfect  drainage. 
Without  adhesions,  by  this  method  there  must  be  danger  of  infecting 
the  peritoneal  cavity  when  the  cannula  is  withdrawn;  and  with  an  ad- 
herent liver,  free  incision  and  drainage  require  no  more  expertness  than 
does  the  opening  of  any  superficial  abscess. 

The  results  of  operation  in  liver  abscesses  will  undoubtedly  become 
even  l)etter  than  at  present  if  early  evacuation  and  drainage  are  more 
generally  practised. 

Deaths  after  operation  are  now  ordinarily  due  to  the  enfeebled  state 
of  the  patients,  who  succumb  to  exhaustion,  or  who  cannot  stand  the 
shock  of  operation.  Exceptionally  death  occurs  from  hemorrhage 
from  the  cavity  where  a  large  vessel  has  been  opened  in  the  abscess 
formation.  Several  cases  in  which  the  vena  cava  inferior  was  involved 
have  been  reported. ^*^ 
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FILARIASIS. 

The  commonest  animal  parasites  of  man  in  the  tropics,  next  to  the 
malarial  organisms,  belong  to  the  genus  Filaria,  which  is  widely  distri- 
buted, being  found  in  the  tropical  and  subtropical  regions  of  Asia,  Africa, 
North  and  South  America,  Australia,  the  Pacific  Islands  as  far  north  as 
Japan,  in  Madagascar,  the  West  Indies,  and  elsewhere.  They  have  often 
been  observed  in  the  southern  United  States  and  are  fairly  common  in  our 
tropical  possessions — Porto  Rico,  the  Philippines,  and  Panama.  In 
some  places,  as,  for  instance,  Samoa,  a  third  or  a  half  of  the  population  is 
affected. 

The  filarisB  (fam.  Filariidae),''  constituting  an  extensive  group  of 
nematodes,  are  generally  long  and  slender,  the  males  being  much  smaller 
than  the  females.  They  are  filiform  worms  of  generally  uniform  size 
throughout  their  length,  perhaps  tapering  gradually  at  their  extremities. 
The  males  have  recurved  or  spiral  tails,  with  sometimes  lateral  wing-like 
appendages,  and  several  papillae  before  and  behind  the  anus.  In  the 
female  the  vulval  opening  is  near  the  mouth.  There  are  numerous  species 
of  filarisB  parasitic  in  mammals,  birds,  reptiles,  fish,  crustaceans,  insects, 
etc.  In  man  fifteen  or  sixteen  species  have  been  described,  some  of  which 
occur  also  in  other  mammals.  Of  the  filariae  of  man  some  inhabit  the 
blood-vessels,  the  Ijrmphatics,  and  the  serous  cavities  of  their  host,  others 
the  connective  tissue.  Four  or  five  varieties  are  found  as  adults  in  the 
lymphatic  vessels  and  elsewhere,  while  their  embryos  enter  the  circulating 
blood  in  enormous  numbers.  Another  group  is  composed  of  those 
worms  which  live  in  the  connective  tissue  and  apparently  do  not  enter 
the  lymph  or  blood-currents  in  any  form.  The  only  one  of  the  blood 
parasites  of  surgical  importance  is  Filaria  Bancrofti,  the  embryonal  form 
of  which  is  known  as  F.  noctuma,  and  the  diseases  due  to  its  presence 
are  generally  understood  when  the  term  "filariasis"  is  used. 

The  life-history  of  the  F.  Bancrofti  and  the  surgical  diseases  due  to  its 
presence  have  been  treated  of  already  in  this  work  (see  Surgery  of  the 
Lymphatics),  so  that  the  subject  will  receive  but  brief  comment  in  this 
chapter.  The  embryo  filarise,  although  circulating  in  the  blood  by 
millions,  do  not  apparently  cause  pathologic  conditions  in  man,  but  the 
parent  worms,  residing  somewhere  in  the  lymphatic  system,  are  the 
origin  of  various  diseases,  in  a  certain  small  proportion  of  the  whole 
number  affected.  These  pathologic  conditions  are  sometimes  caused  by 
mechanical  obstruction  of  the  lymphatic  circulation  only,  with  or  without 
rupture  of  a  vessel,  as,  for  instance,  chylous  ascites,  lymph  varix,  varicose 
groin  glands,  lymph  scrotum,  chylocele,  etc.  The  most  serious  results, 
however,  are  also  due  to  secondary  invasion  of  the  parts  where  there 
is  lymph  stasis  by  pyogenic  organisms.  In  this  way  is  to  be  explained 
the  occurrence  of  orchitis,  lymphangitis,  abscess,  and  occasionally  a 
general  infection. 

A  good  example  of  this  is  seen  in  a  case  reported  by  Opie,'  which  was 
admitted  to  hospital  with  diagnosis  of  strangulated  hernia  and  perito- 
nitis.   The  tumor  in  the  groin  proved  to  be  a  lymph  varix,  and  when  a  lapa- 
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rotomy  was  done  to  determine  the  cause  of  the  peritonitis,  it  was  found 
that,  besides  the  large  mass  in  the  groin,  there  was  great  dilatation  of  the 
abdominal  and  pelvic  lymphatics.  The  case  ended  fatally,  and  at  autopsy 
a  parent  filaria  was  found  in  a  large  lymph-vessel,  as  well  as  some  em-  , 
bryos  in  a  branch  of  the  hepatic  vein.  The  secondary  infection  was  due 
to  Diplococcus  lanceolatus,  which  had  caused  a  fibropunilent  peritonitis. 
In  endemic  elephantiasis  we  must  also  recognize  two  necessary  factors — 
a  general  filarial  lymph  obstruction  of  the  part,  and  an  often  repeated 
inflammation,  each  attack  leaving  its  addition  to  the  enormously  thick- 
ened skin.  The  infective  organism  here  is  most  probably  the  Strepto- 
coccus pyogenes,  and  the  attacks  of  so-called  "elephantoid  fever"  are 
doubtless  nothing  less  than    erysipelas  characterized    by  rigors,  high 

temperature,    and 
*^'  severe     constitutional 

I  symptoms     generally. 

Indeed,  some  Euro- 
pean writers  insist 
upon  this  factor,  while 
denying  that  filarial 
obstruction  is  neces- 
sary. 

Surgical  Treat- 
ment of  Elephantia- 
sis  of  the  Scrotum.— 
The  ordinary  operation 
has  already  been  des- 
cribed (Vol.  II,  p.  599), 
but  of  late  years  Pro- 
fessor Charles,  of  Cal- 
cutta, has  used  a 
method  differing  from 
this  in  many  respects, 
m  which  he  has  at- 
tained remarkable  suc- 
cess in  several  hundred 
cases.* 

Charles  has  abandoned  the  tourniquet  entirely,  and  proceeds  at  once 
with  the  incisions,  picking  up  each  vessel  before  cutting  it,  or  immediately 
afterward.  He  first  liberates  the  penis,  and  then  makes  an  incision 
around  the  neck  of  the  tumor  from  the  median  line  in  front  of  the  anus  to 
about  the  external  abdominal  ring.  The  exact  position  varies  somewhat 
according  to  the  state  of  the  skin,  as  it  is  desirable  to  save  as  much  healthy 
skin  as  possible  for  better  closure  of  the  wound,  but  essential  to  avoid 
diseased  tissue.  A  similar  procedure  on  the  opposite  side  makes  a  U- 
shaped  incision  in  which  all  of  the  largest  vessels  can  be  dealt  with  before 
ablating  the  tumor.  The  incision  is  deepened  with  scalpel  and  finger, 
each  vessel  being  seized  with  pressure  forceps.  The  vessels  from  which 
hemorrhage  is  to  be  feared  are:  above,  the  superior  (superficial)  external 


FiQ.  556. — Operation  for  Elephantiasis  of  Scrotum  (Charles). 
Wound  covered  in  by   flap.s  from  thighs.      Base  of  penis 
also  closed  over  by  the  same;  small  reflection  of  healthy  lining 
of  prepuce  from  cervix. 
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pudic  and  the  inferior  (deep)  external  pudic;  at  the  sides  of  the  perineum, 
muscular  branches  of  the  sciatic ;  at  the  back  of  the  tumor,  running  forward, 
are  the  superficial  perineal  vessels,  always  the  largest  of  the  tumor.  These 
once  caught  there  is  little  to  be  feared  from  the  remaining  vessels.  The 
dorsal  vein  of  the  penis  may  be  very  large,  but  it  should  never  be  wounded 
when  the  penis  is  shelled  out;  the  artery  of  the  frenum  is  troublesome, 
however,  and  may  require  a  ligature.  Charles  works  from  behind  for- 
ward so  as  to  secure  the  large  perineal  vessels  first. 

The  ends  of  the  U-shaped  incision  and  the  upper  end  of  the  vertical 
cut  through  which  the  penis  has  been  enucleated  are  now  united  and  all 
vessels  are  seized  and  clamped;  the  testicles  are  enucleated  through 
vertical  incisions  as  already  described  (there  may  be  some  hemorrhage 
from  the  cremasteric  branches)  and  the  removal  of  the  tumor  is  completed 
without  trouble.  No  ligatures  are  used,  but  hemostasis  is  secured  by 
twisting  each  vessel  held  by  a  pressure  forceps,  applying  a  second  clamp 
to  the  twisted  vessel  and  leaving  it  on  for  several  minutes.  As  forty 
or  more  vessels  sometimes  require  attention,  the  absence  of  ligatures  is 
an  immense  advantage  in  the  healing  process  of  the  extensive  wound  of 
operation.  The  tumor  having  been  removed,  the  penis  and  testes  cleaned 
from  all  diseased  tissues,  hydroceles  and  hernias  properly  dealt  with,  the 
closure  of  the  wound  is  imdertaken,  which  is  a  matter  requiring  much 
skill  and  care  to  produce  a  perfect  result. 

The  skin  to  one  side  of  the  wound  is  drawn  forward,  pulling  taut  the 
fascia  of  Colles  with  which  it  is  lined.  A  cut  about  half  an  inch  long  is 
made  through  the  fascia  and  the  finger  inserted  and  moved  up  and  down, 
working  gradually  outward,  thus  freeing  the  skin  from  the  fascia  lata  over 
the  origins  of  the  adductors  and  the  gracilis  muscle;  any  portion  of 
Colles'  fascia  obstructing  the  free  sliding  of  the  flap  may  be  snipped  with 
blunt-pointed  scissors.  By  practice  the  amount  of  covering  necessary 
to  reach  the  median  line  of  the  large  wound  of  operation  is  determined. 
The  procedure  having  been  repeated  on  the  other  side  of  the  wound  so  that 
the  skin  flaps  meet  without  tension,  a  testicle  is  placed  under  each  flap. 
There  should  be  no  bleeding  from  the  cord  or  from  the  spot  where  the 
tunica  has  been  cut,  and  sometimes  just  here  a  small  vessel  may  require 
a  ligature.  When  the  cord  is  very  long,  it  will  be  necessary  to  make 
several  folds  in  its  length,  using  a  few  stitches.  After  each  testicle  has 
been  tucked  away  in  its  pocket  the  flaps  are  sutured  in  the  median  fine, 
up  to  the  penis.  The  wound  in  front  of  the  penis  is  closed  in  a  similar 
manner.  The  edges  of  the  flaps  must  now  be  stitched  around  the  body 
of  the  penis  by  using  half-a-dozen  very  fine  sutures  through  the  flaps  and 
the  timica  albuginea  itself,  avoiding  the  dorsal  vessels  and  not  entering 
the  erectile  tissue.  Charles  from  long  practice  has  been  able  to  dispense 
with  all  drainage,  but  as  in  addition  to  the  large  wound  of  operation  an 
extensive  absorbent  area  has  been  opened  up  in  the  flap-making,  sur- 
geons not  familiar  with  this  operation  might  wisely  use  drainage  from 
the  lower  end  of  the  wound. 

If  any  portion  of  the  prepuce  has  been  kept,  it  may  be  used  as  part 
of  the  covering  of  the  denuded  penis,  but  in  case  of  doubt  as  to  its  perfect 
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freedom  from  degeneration  the  entire  prepuce  had  better  be  sacrificed. 
The  penis  may  be  skin  grafted  by  the  Thiersch  method  at  the  time  of  opera- 
tion, or  this  may  be  postponed  until  a  later  dressing. 

A  strip  of  oiled  silk  or  gutta-percha  tissue  is  put  around  the  penis  and 
the  organ  is  carefully  bandaged  with  gauze,  firmly  near  the  gland,  and 
more  loosely  around  the  root,  to  prevent  swelling.  The  pubic  and  perineal 
dressings  consist  of  proper  lengths  of  gauze  allowed  to  fall  and  arrange 
themselves  from  above  downward  on  either  side  of  the  penis;  the  inner 
edges  of  which  folds  must  be  stitched  evenly  and  firmly  to  the  bandage 
of  the  penis.  A  double  spica  must  be  now  put  on  with  the  utmost  care, 
and  the  whole  dressing  be  kept  firm  and  without  danger  of  shifting  by  the 
use  of  safety-pins  and  needle  and  thread.  Charles  considers  this  so  impoi^ 
tant  a  point  that  he  always  does  the  dressing  and  bandaging  himself. 
The  dressings  are  renewed  on  the  fifth  and  the  tenth  days,  and  must  be 
done  with  equal  care  as  at  first.  Skin  grafting  of  the  penis,  if  not  done 
at  the  time  of  operation,  may  be  postponed  as  long  as  to  the  latter  date. 

This  operation,  formerly  formidable  from  the  danger  of  hemorrhage 
and  sepsis,  is  under  modem  conditions  a  safe  and  satisfactory  one,  the 
mortality  having  dropped  from  19  per  cent,  to  1  per  cent,  or  less. 
Of  course,  the  removal  of  such  tumors  before  they  have  reached  an 
enormous  size  is  to  be  encouraged  among  the  population  afflicted  with 
elephantiasis,  and  it  is  likely  that  as  the  success  of  modem  surgery  becomes 
better  known,  tumors  weighing  fifty  or  a  hundred  pounds  will  be  no  longer 
reported.  After  removal  the  position  of  the  testicles  against  the  peri- 
neum is  for  a  time  somewhat  inconvenient,  but  a  sort  of  new  scrotum 
gradually  forms.  Virility  is  generally  preserved  and  the  recurrence  of 
the  disease  after  operation  is  becoming  more  and  more  rare. 
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GUINEA-WORM  DISEASE  OR  DRACONTIASIS. 

One  of  the  oldest  known  tropical  diseases  is  due  to  the  presence  of  the 
Guinea  or  Medina  worm,  a  member  of  the  Filariidae  (F.  medinensis  or 
Dracunculus  medinensis),*  the  adult  female  of  which  inhabits  the  super- 
ficial connective  tissue,  and  is  delivered  of  her  progeny  through  the  skin. 
The  disease  was  known  to  the  Greek,  Roman,  and  Arabic  physicians, 
and  is  even  believed  to  be  alluded  to  in  the  Papjrrus  Ebers,  over  three 
thousand  years  old,  and  in  the  Book  of  Numbers,  Chapter  XXI,  where 
the  Israelites  are  said  to  have  suffered  from  a  plague  of  "fiery  serpents" 
while  on  the  shores  of  the  Red  Sea. 

The  parasite  is  found  in  more  or  less  circumscribed  areas  in  Asia  and 
Africa,  where  sometimes  it  is  a  true  local  scourge  afflicting  half  the  popu- 
lation.   It  was  imported  into  America  with  negro  slaves,  and  although 
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it  never  made  great  headway,  a  few  small  centers  of  disease  persist  in 
Brazil  and  the  Dutch  West  Indies.  The  worm  has  many  local  names, 
but  in  English  it  is  usually  spoken  of  as  Guinea  or  Medina  worm,  or  called 
by  its  old  Roman  name  of  Dracunculus. 

In  spite  of  its  ancient  history,  the  life-history  of  the  Dracunculus  is 
not  yet  entirely  clear.  The  adult  female  is  alone  concerned  in  the  pain- 
ful pathologic  process  that  its  tedious  parturition  set  up  in  the  luckless 
human  host.  It  is  a  yellow-white  round  worm,  very  slender,  about 
75  cm.  long,  and  only  averaging  a  little  over  a  millimeter  in  breadth,  taper- 
ing gradually  toward  the  caudal  end.  The  outer  skin  is  tough  and  very 
elastic,  playing,  indeed,  the  expulsive  part  in  parturition.  The  head  is 
blunt,  having  an  oral  orifice  and  a  number  of  papillae  supposed  to  be 
sense-organs;  the  tail  end  is  hooked.  With  the  exception  of  a  narrow 
intestinal  tube,  the  body  of  the  worm  is  entirely  taken  up  with  the  uterus, 
containing  several  millions  of  flat  worm-like  embryos.  Escaping  from 
the  mother,  these  embryos  are  aquatic  for  a  period,  living  certainly 
several  days  in  dirty  water  or  soft  mud.  They  then  become  parasitic  in 
the  ventral  cavity  of  a  certain  fresh-water  crustacean  (Cyclops  quadri- 
comis)^;  go  through  several  changes,  are  motile  at  first,  but  after  a  few 
weeks  gradually  become  motionless  and  encysted.  The  history  of  the 
interval  between  the  larval  stage  in  cyclops  and  the  adult  stage  in  the 
human  host  is  still  somewhat  obscure.  The  interval  is  a  long  one,  for  it 
has  been  possible  to  determine  very  accurately  that  the  time  elapsing  from 
the  only  possible  infection  in  an  endemic  center  to  the  appearance  of  the 
pregnant  female  in  the  peripheral  connective  tissue  is  about  ten  to  twelve 
months.  Undoubtedly  the  process  is  about  as  follows:  A  number  of 
cyclops  containing  embryo  Dracunculus  are  swallowed  in  drinking-water; 
in  the  stomach  the  bodies  of  the  crustaceans  are  disintegrated  and  the 
larvae  escape.  A  recent  observation  of  Leiper'  shows  that  in  vitro  the  addi- 
tion of  very  dilute  HCl  to  the  infected  cyclops  kills  the  animals  and  awak- 
ens the  encysted  larvae  of  Dracunculus  to  renewed  activity  by  which  they 
manage  to  escape  from  the  body  of  cyclops.  This  experiment  is  strongly 
suggestive  of  what  goes  on  in  the  human  stomach  when  contaminated 
water  is  swallowed.  The  same  observer*  fed  a  monkey  with  bananas  con- 
taining cyclops  in  which  the  larvae  of  Dracunculus  were  apparently 
mature.  Six  months  later  the  animal  was  killed,  and  on  autopsy  three 
female  and  two  male  filarise  were  found  in  the  connective  tissue.  The 
females  were  immature  and  unimpregnated,  which  fact  seems  to  dispose 
of  the  theory  that  sexual  congress  takes  place  in  the  human  intestine, 
the  female  alone  penetrating  the  connective  tissue.  As  the  young  females 
had  already  found  their  way  to  the  extremities,  it  seemed  probable  that 
fertilization  and  parturition  take  place  in  the  same  location  and  that  the 
large  pregnant  female  does  not,  as  has  been  supposed,  make  her  way 
without  injury  to  the  tissues  through  which  she  passes  to  the  periphery. 
Certainly  at  first  sight  the  adult  female  seems  to  display  a  most 
marvelous  knowledge  of  the  best  place  to  establish  herself,  so  that 
the  coming  progeny  may  most  certainly  reach  their  necessary  watery 
home,  for  we  find  that  in  75  per  cent,  of  all  cases  the  worm  presents 
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itself  in  the  lower  extremity,  generally  below  the  knee.  This  selection 
in  bare-legged  negroes  and  Indian  coolies  is,  of  course,  the  best  possible. 
Harrington*  observed  that  when  the  disease  appeared  in  the  "bhistis" 
or  water-carriers  of  India,  a  large  proportion  of  the  worms  showed  on  the 
back  and  loins,  where  the  wet  water-sack  had  been  carried  day  aft-er 
day.  Instead  of  attributing  such  imerring  knowledge  of  the  habits  of 
its  host  as  would  lead  the  worm  to  travel  to  the  very  point  in  the  body 
most  likely  to  be  in  contact  with  water,  we  must  now  admit  that  the 
embryos  reach  their  destination  early,  and  that  the  female  develops  m 
situ.  The  theory,  not  yet  discarded,  that  infection  takes  place  from  water 
containing  larval  worms  which  enter  the  skin  directly  is  strengthened 
by  the  well-known  behavior  of  the  larvae  of  Strongyloides  and  Anchylo- 
stomum,  where  entrance  through  the  skin  has  been  thoroughly  demon- 
strated, but  in  the  light  of  Leiper's  experiments  it  seems  proved  that 
only  in  the  body  of  cyclops  and  through  the  stomach  can  dracontiasis 
be  acquired. 

Symptoms. — The  first  symptom  of  the  presence  of  the  worm  is  an 
inflammatory  swelling  on  the  leg,  foot,  arm,  back,  groin,  etc.,  as  the  case 
may  be.  There  are  seldom  many  marked  preliminary  sensations,  although 
itching  or  burning  of  the  part,  with  sometimes  an  urticaria-like  eruption, 
attributed  to  toxins  generated  by  the  parasite,  have  been  noticed.  Just 
as  in  the  case  of  other  animal  parasites,  blood  examination  may  show 
eosinophilia.  As  the  tumor  develops  pain  becomes  severe,  the  limb 
is  crippled,  and  sometimes  marked  constitutional  symptoms,  such  as 
fever,  rigor,  nausea,  nervous  irritability  or  possibly  convulsions,  occur. 
When  the  swelling  has  reached  the  size  of  a  nut  or  of  an  egg  the 
epidermis  is  raised  at  some  point  into  a  small  vesicle  filled  with 
fluid,  at  first  clear  and  then  turbid.  After  a  few  days  the  vesicle 
bursts,  exposing  a  small  area  of  denuded  corium  which  is  perforated  by 
a  central  channel,  through  which  after  a  day  or  so  the  head  of  the  worm 
will  be  protruded.  When  the  neighboring  parts  are  now  douched  with 
cold  water,  the  worm  is  seen  to  eject  a  quantity  of  turbid  fluid  swarming 
with  embryos.  Occasionally  the  first  opening  closes  and  a  second  ap- 
pears at  some  neighboring  point.  Sometimes,  from  external  infection, 
the  whole  bed  of  the  parasite  will  constitute  an  abscess  cavity,  from  which 
finally  the  entire  animal  is  discharged;  but  usually  the  process  of  partu- 
rition is  aseptic  as  long  as  the  worm  is  allowed  her  own  time  undisturbed. 
Emptying  several  inches  of  the  uterine  canal  little  by  little  every  day, 
she  completes  delivery,  the  uterus  itself  being  gradually  forced  out  through 
the  oral  orifice  of  the  worm,  and  through  the  canal  in  the  host's  skin. 
After  each  portion  has  been  emptied  it  shrivels  and  dries,  to  be  followed 
by  the  protrusion  of  a  new  section,  which  also  ruptures  and  discharges 
itself.  The  whole  process  takes  two  weeks  or  more,  after  which  the  worm 
may  be  drawn  out  from  its  bed  and  the  disease  is  over. 

If  the  worm  is  ruptured  in  the  tissues  by  forcible  attempts  at  extraction, 
the  uterine  contents  usually  have  a  violently  irritative  effect  on  the  tissues, 
causing  inflammation  and  swelling,  with  liability  to  subsequent  infection 
by  pyogenic  organisms.    The  results  may  be  quite  serious,  as  sloughing, 
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necrosis  of  bone,  purulent  s3aiovitis,  and  general  sepsis  have  all  been 
recorded. 

The  treatment  is  either  to  allow  the  worm  to  empty  itself,  rolling 
up  the  extruded  part  every  day  on  a  bit  of  wood  and  protecting  the  part 
by  clean  wet  dressings,  or  else  the  parasite  may  be  cut  down  upon  and 
carefully  remolded  intact.  The  location  may  be  such  that  the  surgeon 
does  not  care  to  interfere,  as,  for  instance,  between  the  metatarsal  bones 
or  in  the  near  neighborhood  of  a  joint.  Here  the  case  may  be  left  to 
nature,  expediting  delivery  by  frequent  douching  with  water.' 

The  worm  may  be  killed  by  injecting  it  with  sublimate  solution 
1:1000,  as  recommended  by  Emily,*  or  with  alcohol,  as  suggested  by 
Foulkes,^  and  then  it  can  usually  be  drawn  from  its  bed  without 
trouble.  Removal  at  once  by  incision  is  generally  to  be  preferred, 
saving  much  discomfort  and  time. 
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MYCETOMA,  OR  MADURA  FOOT. 

Madura  foot,  fungus  disease  of  India,  or,  more  properly,  mycetoma, 
is  a  localized  infection  due  to  several  varieties  of  vegetable  parasites, 
nearly  always,  though  not  invariably,  attacking  the  foot.  It  is  character- 
ized by  the  development  of  a  slowly  growing  inflammatory  tumor,  and 
the  production  of  granules  of  different  kinds,  which  consist  of  mycelial 
growths  and  cell  detritus  from  the  tissues  of  the  patient,  and  which  are 
given  off  through  fistulous  openings.  The  disease  is  incurable  and  in  time 
disintegrates  the  member,  rendering  the  patient  a  helpless  cripple,  but  it 
is  attended  with  little  constitutional  disturbance,  and  for  a  long  time 
does  not  seriously  affect  the  general  nutrition. 

Mycetoma  is  endemic  in  India,  where  it  is  widely  distributed,  although 
many  places  remain  exempt.  In  recent  years  the  disease  has  awakened 
more  general  interest,  as  it  has  been  found  in  Africa,  in  Europe,  and  in 
both  North  and  South  America.  Non-imported  cases  have  been  reported 
from  several  parts  of  the  United  States;  one  indigenous  case  in  Italy 
and  one  in  France. 

Anglo-Indian  physicians  recognized  the  parasitic  character  of  myce- 
toma fifty  years  ago,  and  H.  Van  Dyke  Carter*  gave  us  what  is  yet  the 
most  complete  general  treatise  on  the  subject. 

Causes. — ^After  the  discovery  of  actinomycosis  the  similarity  of 
the  two  diseases  was  at  once  noted,  and  they  Vere  even  declared  to  be 
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identical.  The  present  view  is  that  although  the  actinomyces  may  cause 
a  clinical  ''fungus  foot,"  mycetoma  as  usually  described  is  due  to  several 
different  though  related  plants.  The  study  of  the  pathogenic  higher 
bacteria  and  lower  fungi,  between  which  the  dividing-line  is  very  indefi- 
nite, is  yet  in  its  infancy,  and  is  surrounded  with  many  difficulties,  so  that 
their  precise  classification  is  beset  with  doubt  and  uncertfainty.  We  are 
therefore  not  surprised  to  find  that  the  specific  cause  or  causes  of  myce- 
toma are  far  from  being  thoroughly  understood. 

Based  on  the  color  of  the  grains  formed  in  and  extruded  from  the 
tumors,  three  clinical  varieties  of  mycetoma  have  long  been  described; 
they  are  the  white  or  yellow  variety,  which  is  most  common;  the  black  vari- 
ety; and  lastly  a  red  or  pink  kind,  which  is  very  rare.     Vincent*  succeeded 


Fig.  557. — .Madura  Foot  (from  a  specimen  in  the  Army  Medical  Museum,  Washington). 

first  in  cultivating  the  fungus  from  a  white  mycetoma,  and  Wright'  ob- 
tained from  a  case  of  the  black  variety  a  growth  producing  black  sclerotia 
in  old  cultures.  Very  recently  (1906)  Emile  Brumpt*  has  systematized  our 
knowledge  of  the  etiology  of  this  interesting  disease  in  a  most  satisfactory 
manner.  From  experiments  on  specimens  from  widely  separated  regions 
of  the  world,  Brumpt  so  far  recognizes  eight  different  parasites  capable 
of  producing  the  clinical  aspects  of  mycetoma.  Six  of  these  produce  the 
"white"  form  and  two  the  '* black,"  and  among  the  former  he  places 
the  well-known  ray  fungus,  here  classified  as  a  discomycete.  (See  Actino- 
mycosis.) According  to  this  author,  the  parasites  and  resulting  tumors 
should  be  classified  as  follows: 
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Organism. 

1.  Discomyces  bovis    (actinomyces). 

2.  Discomyces     madurse     (Streptothrix 

madurse). 

3.  Aspergillus  nidulans. 

4.  Aspergillus  bouffardi,  n.  s.    Brumpt. 

5.  Madurella    mycetomi     (Streptothrix 

mycetomi,  liveran). 

6.  Indiella  mansoni,  n.  g.,  n.  s.  Brumpt. 

7.  Indiella  raynieri,  n.  s.  Brumpt. 

8.  Indiella  somaliensis,  n.  s.  Brumpt. 


Disease. 

Actinomycosis  (g.  v.). 

Most     common    white    mycetoma    of 

India. 
White  mycetoma  (unique  case). 
Black  mycetoma  (unique  case). 
Most  common  black  mycetoma. 

White  mycetoma  (one  specimen  only, 
but  very  common  in  India). 

White  mycetoma  (unique  case,  Paris). 

White  mycetoma  (found  in  Somaliland, 
but  supposed  to  be  common  in  India). 


The  last  four  fungi  the  author  places  provisionally  among  the  muce- 
dinesB,  because  the  lack  of  knowledge  as  to  their  method  of  fructification 
does  not  entitle  them  to  be  ranked 
otherwise,  but  he  believes  that  future 
research  will  prove  these  to  be  as- 
comycetes  as  well  as  the  others. 

The  tumors  produced  by  these 
parasites  may  not  differ  essentially 
among  themselves  in  gross  appear- 
ance or  in  symptomatology,  but  may 
be  differentiated  by  the  size,  shape, 
and  color  of  the  grains,  and  still 
more  surely  by  microscopic  examina- 
tion. For  the  production  of  the  dis- 
ease certain  conditions,  as  yet  un- 
known, must  be  necessary  on  the  part 
of  the  patient  and  also  of  the  plant, 
otherwise  the  disease,  one  would 
think,  would  be  more  wide-spread. 
Tropical  temperature,  moisture,  and 
perhaps  the  geographic  distribution 
of  grasses,  cereals,  or  other  plants,  on 
which  possibly  the  fungi  are  sapro- 
phytic, are  probably  factors  in  main- 
taining the  disease.  Very  many  cases 
date  from  an  injury  to  the  foot, 

quite  often  a  wound  by  a  thorn,  which  must  be  almost  a  daily  occurrence 
to  a  barefooted  inhabitant  of  the  tropics.  One  of  the  greatest  differences 
between  actinomycosis  and  the  tropical  foot  disease  is  that  the  latter  is, 
as  far  as  we  know,  not  inoculable  to  animals  or  man  from  the  organism 
as  found  in  the  lesions.  The  inference  is  that  a  peculiarly  resistant  form 
of  the  fungus  must  be  picked  up  in  some  way  through  a  wound  in  the  skin, 
a  form  capable  of  overcoming  the  natural  defenses  of  living  animal  tissue 
and  of  growing  indefinitely. 

Symptoms  and  Course. — Mycetoma  begins  nearly  always  on  the 
sole  of  the  foot,  more  often  the  right.  There  may  be  a  history  of  a  slight 
injury  or  not,  embedded  thorns  being  among  the  most  frequent.    A 


Flo.  568. — Mtcbtoma  (Wright  and  Brown). 
Black  granule  in  a  section  from  the 
lesion.  The  black,  rounded,  central  mass 
represents  *the  brownish,  hyaline,  refringent 
suDstance  in  which  the  fungus  elements  are 
embedded.  Giant  cells  and  granulation- 
tissue  are  shown. 


1128 


TROPICAL   SURGERY. 


firm  rounded  swelling,  painless  at  first,  appears,  which  gradually  softens 
and  discharges  a  thick  and  syrupy,  or  a  thin  and  blood-stained  fluid  hold- 
ing in  suspension  the  characteristic  grains  of  the  disease.  Little  by  little 
other  lumps  and  fistulas  form,  until  in  time  a  large  part  of  the  foot  is  affected . 
The  member  is  gradually  increased  to  two  or  three  times  its  normal  size 
and  is  greatly  deformed,  resembling  a  huge  potato  in  shape.  The  fistulous 
tracts  seldom  heal.  The  surface  of  the  tumor  is  either  lumpy  or  com- 
paratively smooth,  but  the  openings  of  the  fistulas  are  generally  in  eleva- 
tions of  the  skin  and  are  surrounded  with  unhealthy  granulations.  As  the 
foot  becomes  helpless  the  leg  muscles  waste.  There  is  little  pain,  as  a  rule, 
and  few  evidences  of  cachexia  until  the  end,  w^hen  after  fifteen  or  twenty 
years  the  patient  is  worn  out  by  the  drain  on  his  system.  Rarely  does 
mycetoma  affect  other  parts,  and  rarely,  if  at  all,  does  it  extend  by 
metastasis,  thus  differing  from  true  actinomycosis.     The  color  of  the 

grains  thrown  off  in  the  puru- 
lent discharge  will  determine 
the  clinical  t>7)e  of  the  disease. 
They  are  white  or  yellow  in  the 
pale  varieties,  and  black  or 
very  dark  brown  in  the  mela- 
noid  form  of  mycetoma.  In 
certain  cases  of  the  white  form 
the  grains  are  extruded  in 
masses  resembling  fish  roe, 
and  this  variety  is  particularly 
liable  to  be  attended  with  des- 
truction of  the  bones  of  the 
foot,  which  are  often  spared  in 
other  forms. 

On  section  the  foot  is  found 
either  diseased  in  part,  with 
intervening  areas  of  soimd 
tissue,  or  entirely  converted 
into  a  structureless  mass. 
Scattered  through  the  foot 
are  large  and  small  cavities;  some  are  isolated,  others  communicate 
with  each  other  and  by  fistulous  tracts  with  the  outer  world.  Their 
liquid  contents  are  full  of  the  granules.  The  fungus  spreads  from 
various  centers  in  all  directions.  In  the  yet  solid  parts  of  the  tumor 
granules  are  seen  surrounded  by  zones  of  inflammation.  The  bones 
and  articulations  may  be  unaffected  or  disintegrated.  The  histologic 
features  are,  briefly:  slowly  forming  granulation  and  cicatricial  tissue; 
infiltration  by  lymphoid,  epithelioid,  and  (rarely)  giant  cells;  oblitera- 
tion of  the  vessels;  and  cell  degeneration  of  the  part.  A  determination 
of  poljTnoiphonuclear  leukocytes  is  found  in  places  where  the  inflammation 
is  more  acute.  The  extending  fungus  growth,  more  vigorous  at  the 
periphery,  is  resisted  by  the  living  animal  tissue.  Brumpt  believes  that 
new  centers  of  growth  are  set  up  by  phagocytes  wandering  off  with  frag- 


Fia.  559. — Mycetoma,  showing  the  Outgrowth  of 
Hyph^  from  One  of  the  Black  Granules  after 
Planting  is  Fluid  Culture-medium  (Wright  and 
Brown).  • 
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ments  of  mycelium  to  which  they  succumb,  setting  free  the  parasite. 
Secondary  infection  by  pyogenic  organisms  is  common  enough. 

The  white  granules — mycelial  masses  with  debris  of  the  animal 
cells — are  soft  and  easily  crushed.  The  black  grains  are  hard  and  the 
threads  are  cemented  together  by  a  substance  which  may  come  from 
the  animal  tissues,  but  more  probably  is  secreted  by  the  fungus.  In  the 
latter  case  the  black  grains  may  be  regarded  as  true  sclerotia.  In  the 
rare  "pink"  variety  the  grains  scattered  through  the  tumor  and  discharged 
from  it  resemble  ground  red  pepper.  Nothing  is  known  as  to  the  speci- 
fic etiology  of  this  form  of  mycetoma. 

Treatment. — Nothing  can  be  done  with  medicines  to  check  the  slow 
but  sure  progress  of  mycetoma.  lodid  of  potassium,  so  useful  in  actino- 
mycosis, is  useless.  Rarely  the  disease  is  confined  to  a  small  part  of 
the  foot — one  toe,  for  instance.  In  such  a  case  an  attempt  to  exercise 
the  diseased  part  may  be  successful  in  curing  the  patient  permanently. 
Usually  amputation  of  the  foot  or  of  the  leg  at  the  point  of  election  is 
indicated  as  the  only  treatment.  The  disease  being  wholly  incurable, 
there  is  no  use  in  delaying  amputation  after  diagnosis  is  made. 
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Under  this  heading  may  be  briefly  considered  a  number  of  locaUzed 
diseases  of  the  skin  and  underlying  tissues  which  have  been  reported  from 
all  parts  of  the  tropical  world,  and  to  which  so  many  place-names  have 
been  given  that  the  mere  enumeration  would  be  tedious. 

The  reporters  have,  as  a  rule,  laid  stress  on  the  endemicity  of  the  vari- 
ous affections  they  describe,  so  that  at  first  glance  one  would  think  that 
each  country,  district,  or  even  town  has  its  own  special  "ulcer,''  "sore," 
"boil,"  or  "button."  Unfortunately,  although  we  have  a  wealth  of 
clinical  description,  not  a  little  well-done  histologic  work,  and  some  very 
suggestive  laboratory  researches  into  the  specific  etiology  of  these  com- 
plaints, it  is  impossible  to  approximate  as  yet  a  satisfactory  classification, 
for  some  are  ulcers  from  the  first,  indolent,  serpiginous,  or  phagedenic; 
others  are  granulation  tumors  followed  by  ulceration.  It  is  also  evi- 
dent that  the  diagnosis  of  "tropical  ulcer"  is  often  very  loosely  made, 
and  that  an  obstinate  ulcer  occurring  in  hot  coimtries  or  seen  in  a  patient 
coming  thence  is  apparently  so  termed,  and  a  special  interest  attached 
to  a  case  in  no  way  different  from  hundreds  seen  in  our  city  dispensaries 
and  charitable  institutions.  White  men  in  the  tropics,  from  depraved 
vitality  due  to  anemia,  scurvy,  malaria,  etc.,  are  very  suitable  subjects 
for  staphylococcic  infections  such  as  boils,  carbuncles,  and  simple  ulcers 
attending  the  most  trivial  injuries  to  the  skin.  So  are  the  underfed  and 
dirty  natives,  who,  in  addition,  are  prone  to  many  irritative  skin  diseases. 
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Syphilis  is  as  common  as  in  Europe  or  the  United  States,  and  its  lesions 
have  undoubtedly  been  described  under  the  head  of  some  at  least  of  the 
many  tropical  ulcers. 

Omitting  any  further  reference  to  the  so-called  endemic  ulcers,  the 
causation  of  which  is  uncertain  and  which  very  likely  have  no  claim  to  be 
considered  as  separate  diseases,  there  remain  a  few  localized  affections 
of  endemic  nature,  about  which  something  really  definite  is  known,  and 
which  therefore  deserve  a  brief  description.  Their  consideration  here 
is  only  for  convenience,  as  it  must  be  confessed  there  is  no  special  reason 
for  grouping  them — either  from  the  standpoint  of  pathology  or  etiology. 

Oriental  Sore  or  Delhi  Boil.— This  is  a  disease  endemic  in  certain 
towns  and  districts  of  India,  central  Asia,  northern  Africa,  the  Levant, 
and  the  Malay  Peninsula.  From  the  fact  that  it  is  at  the  same 
time  widely  scattered  over  the  eastern  hemisphere,  and  quite  limited  to 
certain  endemic  centers  therein,  it  has  received  a  dozen  or  more  local 
names,  such  as  Bagdad  boil,  Aleppo  boil,  Biskra  button,  Mooltan  sore, 
etc. 

The  disease  begins  with  itching  or  burning  of  the  skin  over  a  small  area 
of  some  exposed  part, — the  hand,  leg,  foot,  neck,  or  face,  as  the  case  may 
be, — ^which  skin  soon  becomes  swollen  and  discolored .  A  small  hard  papule 
now  forms  in  the  center  of  the  patch,  deep  red  and  shiny,  increasing  in  size 
until  it  measures  from  0.5  to  1 .0  cm.  in  diameter.  The  nodule  desquamates 
and  a  thin  serous  fluid  exudes  from  it,  forming  a  scab,  which  by  accre- 
tions from  beneath  gives  the  lesion  a  rupial  aspect.  When  the  scab 
comes  off,  there  is  left  an  ulcer  with  sharply  defined  edges  which  secretes 
a  thin  pus.  The  ulcer  increases  by  erosion  of  the  margin,  and  is  some- 
times added  to  by  the  formation  of  new  papules  around  its  edges,  which 
break  down  in  a  similar  way,  the  resulting  sore  being  irregular  and  attain- 
ing possibly  the  diameter  of  6  to  8  cm.  The  ulcer  is  indolent  and  intract- 
able to  treatment,  and  its  surface  is  usually  granulating,  showing  proli- 
feration in  some  parts  and  breaking  down  of  tissue  in  others.  The 
course  is  tedious,  often  lasting  a  year,  but  the  deeper  structures  are  not 
affected  in  tropical  cases,  nor  are  the  neighboring  glands  commonly  en- 
larged. Pain  is  most  often  absent.  After  several  months  the  ulcer 
loses  its  indolent  character  and  heals  by  granulation,  leaving  a  puckered 
and  pigmented  scar  when  cicatrization  is  complete,  which,  if  on  the  face, 
is  very  disfiguring.  On  the  whole,  the  picture  of  a  special,  self-limited, 
local  infection  is  presented,  reminding  one  irresistibly  of  the  phenomena 
of  vaccinia,  in  spite  of  the  difference  in  the  course  of  the  two  diseases. 
Oriental  sore  is  inoculable  and,  for  a  period  at  least,  protective  against 
another  attack.  Recent  investigations^*'  have  shown  its  specific  cause  to 
be  in  all  probability  an  animal  organism  represented  in  the  lesion  by 
bodies  at  present  indistinguishable  from  the  Leishmann-Donovan  bodies 
of  kala-azar  and  tropical  splenomegaly  (see  Vol.  I,  p.  141),  which  are 
supposed  to  be  flagellates  (Herpetomonas)  in  a  certain  stage  of  develop- 
ment. James*  found  the  organism  at  Delhi  in  thirteen  out  of  twenty 
cases,  but  did  not  find  them  in  a  large  number  of  patients  in  the  neigh- 
borhood suffering  from  enlarged  spleen,  on  whom  he  ihade  splenic  punc- 
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tures.  This  observer  had  also  studied  kala-azar  in  Siam,  and  concludes 
that  if  the  parasites  in  this  fatal  disease  are  identical  with  those  of  oriental 
sore,  they  are  able  to  produce  only  kala-azar  in  Siam,  where  they  are 
not  found  in  ulcers,  and  in  the  Punjab  only  the  special  local  lesions, 
never  the  splenic  infection. 

Structurally  oriental  sore  is  a  granulation  tumor  infiltrating  the  true 
skin  and  replacing  its  structures,  causing  atrophy  of  the  epidermis,  so 
that  an  ulcer  results.  Infection  is  probably  by  inoculation,  either  directly 
or  through  the  medium  of  insect  bites. 

The  disease,  if  uncomplicated,  always  results  in  recovery,  and  unless 
the  sore  is  injured  or  infected  by  pyogenic  organisms  there  are  no  con- 
stitutional symptoms  beyond  a  certain  amount  of  debility  produced 
by  its  long  duration. 

The  treatment,  as  directed  by  those  of  most  experience  with  the 
disease,  should  be  expectant.  The  lesion  must  be  kept  scrupulously 
clean  and  treated  with  a  simple  antiseptic  dressing.  Protection  from 
injury  and  secondary  infection  is  very  important,  as  sepsis  or  erysipelas 
may  ensue.  Supporting  treatment  with  generous  diet  is  called  for, 
and  removal  to  a  cooler  climate  is  very  beneficial.  A  radical  treatment 
of  the  disease  in  its  initial  stage  is  advocated  by  some  authorities.  It 
consists  of  thorough  removal  of  all  the  tissues  involved  by  excision  and 
by  the  cautery. 

Sloughing  Phagedena. — ^Ulcers  of  a  very  virulent  nature,  char- 
acterized by  a  fetid,  gra)rish,  pulpy  exudate  which  infiltrates  and  destroys 
the  tissues  in  all  directions,  are  found  in  several  hot  countries  of  both 
hemispheres.  The  phagedenic  ulcers  of  Mozambique,  of  Madagascar, 
and  of  Guiana,  are  almost  certainly  the  same  disease,  those  of  Cochin- 
China  probably  so.  The  phagedenic  process  is  a  complication  of  wounds 
and  has  a  special  predilection  for  the  lower  extremities,  undoubtedly 
because  the  legs  of  the  lower  classes  in  hot  countries  are  most  exposed 
to  injury  and  to  dirt.  Le  Dantec,'  who  studied  these  ulcers  in  Guiana 
among  the  convicts,  examined  the  bacteria  in  the  exudate  and  found 
a  bacillus  in  such  preponderating  numbers  that  he  considers  it  the  cause 
of  the  disease.  The  organism  does  not  grow  on  ordinary  media,  and 
does  not  become  decolorized  by  Gram's  method.  Infection  is  believed 
to  come  from  the  soil  and  to  be  carried  from  infected  wounds  to  clean 
ones  by  flies  or  by  direct  transference.  Inoculation  through  an  injury 
of  the  skin  is  probably  necessary  to  establish  the  disease,  which  often 
begins  at  the  site  of  a  leech  bite  or  the  burrow  in  the  skin  made  by  the 
sand-flea  or  chigger.  Only  total  destruction  of  the  parts  infiltrated  by 
the  exudate  stops  the  progress  of  the  ulcer,  an  object  best  attained  by 
<;uretment  and  the  application  of  strong  carbolic  acid  imder  anesthesia. 
Le  Dantec  believes  this  disease  to  be  nothing  less  than  the  hospital  gan- 
grene formerly  such  a  terror  to  our  surgical  wards,  and  now  fortunately 
extinct  in  Europe  and  the  United  States. 

Zambesi  Ulcer. — ^A  phagedenic  ulcer  occurring  in  tropical  Africa, 
and  perhaps  identical  with  the  foregoing,  has  been  described  by  Ashley- 
Emile,^  who  determined  the  cause  to  be  the  larvae  of  a  dipterous  fly  which 
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is  found  in  the  long  grass  of  the  Zambesi  valley,  and  which  adheres  to 
the  naked  legs  of  persons  walking  therein.  The  grub  burrows  through  the 
epidermis  into  the  subcutaneous  tissue  by  way  of  a  hair-follicle,  where 
it  lies  coiled  up  around  the  hair-root.  In  this  situation  the  lesion  resem- 
bles a  hard  pimple  with  a  central  black  spot  which  is  the  worm  itself. 
After  about  twelve  hours  the  worm  excretes  a  yellow  fluid  of  a  very 
irritant  nature,  which  rapidly  causes  an  inflammatory  areola  around  the 
nodule.  The  larva  now  disappears  beneath  the  superficial  fascia,  leaving 
the  vesicle  in  its  place,  which  attains,  if  left  undisturbed,  the  size  of  a 
marble  and  bursts  after  a  few  days.  In  the  meantime,  however,  disinte- 
gration has  taken  place  beneath  the  superficial  fascia,  which  now  begins 
to  break  down,  so  that  in  a  couple  of  weeks  a  circular  ulcer  with  indurated, 
sharply  cut  edges,  surrounded  by  a  congested  area  of  dusky  red  color, 
appears.  The  surface  of  the  ulcer  is  covered  with  a  gelatinous,  stringy, 
adherent  slough.  The  tendency  of  the  ulceration  is  to  spread  laterally 
and  more  deeply  into  the  tissues;  the  underlying  muscles  are  destroyed 
and  the  bones  denuded  of  periosteum,  resulting  finally  in  great  deformity. 

The  site  of  these  ulcers  is  almost  invariably  on  the  lower  extremity, 
generally  on  the  anterior  aspect.  There  are  no  marked  constitutional 
disturbances.  If  the  worm  is  discovered  in  the  first  few  hours,  it  may 
be  extracted  with  the  point  of  a  scalpel  and  further  trouble  avoided,  but 
after  it  has  penetrated  the  fascia  it  becomes  diflScult  to  extract  it.  After 
the  establishment  of  the  ulcer,  thorough  curetment  and  cauterization  are 
demanded. 

Veld  Sore. — In  the  South  African  war  both  British  and  Boers  were 
aflflicted  with  a  peculiar  form  of  superficial  ulcer,  which  though  not  serious 
in  type  caused  a  great  amount  of  annoyance  and  even  suffering,  as  well 
as  loss  of  strength  to  the  fighting  forces.  This  affection  differs  in  many 
ways  from  the  other  endemic  ulcers  described.  It  occurs  in  an  elevated, 
dry  climate,  among  men  in  excellent  physical  condition.  It  is  inoculable, 
yet  during  the  war  it  affected  only  the  white  Englishmen  and  Boers, 
neither  negroes  nor  East  Indians  suffering  at  all,  though  they  were  in 
constant  contact  with  the  white  troops.  According  to  Harman,®  who 
has  given  us  the  best  description  of  the  disease,  it  is  extremely  superficial, 
affecting  only  the  epithelium,  and  being  surrounded  by  a  fringe  of  exfoli- 
ated tissue  and  areola  of  inflammation.  The  favorite  site  is  on  the 
exterior  surface  of  the  upper  extremity  from  elbow  to  fingers;  also,  but 
much  less  frequently,  the  sore  occurs  on  the  peroneal  surface  of  the  leg. 
The  ulcers  begin  at  the  sites  of  small  injuries,  so  that  scratches  and  abra- 
sions of  the  most  trivial  nature  instead  of  healing  become  inflamed,  and 
alongside  a  delicate  blister  appears,  which  bursts,  leaving  the  veld  sore. 
The  development  of  the  blister  is  either  rapid  or  slow,  and  it  attains  some- 
times a  diameter  of  several  centimeters.  The  resulting  shallow  ulcer 
continues  to  spread,  resisting  ordinary  treatment,  until  it  may  cover  the 
whole  of  the  back  of  the  hand.  The  floor  of  those  of  long-standing  be- 
comes tough  and  leathery,  with  fresh  looking  edges  fringed  with  ragged 
epithelium.  A  true  ulcer  may  now  result  because  of  pyogenic  infection 
and  attack  the  corium  proper.    The  veld  sore  lasts  for  months,  often 
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scabbing  over  under  a  single  dressing,  but  the  scab  is  soon  floated  off 
by  thin  pus,  leaving  the  surface  again  denuded.  When  healing  finally 
begins  to  take  place  it  is  rapid  and  complete,  leaving  very  little  trace, 
only  a  shiny  discoloration  of  the  skin,  which  will  in  all  probability  dis- 
appear in  a  few  years. 

Veld  sore  is  auto-inoculable  and  is  conununicated  to  others  by  contact, 
yet  it  is  not  self-protective,  for  after  a  series  of  sores  have  been  healed 
up  a  second  crop  may  occur  months  later.  Harman  believes  a  predis- 
posing cause  of  the  affection  to  be  a  scorbutic  condition  due  to  the  absence 
of  fresh  food  in  the  field  life  of  the  veld.  The  troops  were  too  well  taken 
care  of  to  develop  old-fashioned  scurvy,  but  nevertheless  were  largely 
fed  on  tinned  rations.  The  Boers  too  were  sufferers,  although  it  is  said 
that  in  peace  time,  while  living  on  their  farms,  the  sores  were  unknown 
among  them.  The  specific  cause  of  veld  sore  was  determined  by  Harman 
to  be  a  micrococcus  which  he  names  M.  vesicans,  commonly  occurring  as 
diplococci,  and  singularly  resistant  to  heat  and  germicide  drugs. 

The  treatment  of  the  disease  requires  attention  to  the  general  bodily 
condition,  as  the  sores  improve  rapidly  under  rest  and  a  generous  dietary. 
The  ulcers  should  be  well  cleansed  with  a  solution  of  mercuric  chlorid 
1:1000,  taking  special  care  to  remove  all  the  ragged  fringe  of  epithelium 
which  undoubtedly  contains  the  infective  agent  and  keeps  up  the  spread- 
ing of  the  ulcer.  As  wet  dressings  are  impracticable  in  the  field  outside 
of  a  hospital,  after  thorough  disinfection  the  ulcer  should  be  dusted 
with  calomel  and  a  little  absorbent  cotton  fastened  over  it  with 
adhesive  strips.  If  the  floor  of  the  sore  is  very  callous  from  long  duration, 
it  should  be  vigorously  stimulated  by  rubbing  until  slight  bleeding  takes 
place. 
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YAWS  OR  FRAMBESIA  TROPICA. 

Yaws  or  frambesia  tropica  is  an  endemic  disease  of  the  tropics  running 
a  chronic  and  tolerably  regular  course.  It  is  contagious,  inoculable,  and 
one  attack  confers  a  certain  degree  of  immunity.  The  characteristic 
lesions  of  yaws  are  raspberry-like  papillomata  on  the  skin  in  various 
situations  and  in  which  the  infective  agent  is  present. 

Yaws  is  found  in  all  the  quarters  of  the  tropical  world,  and  is  an 
exceedingly  common  disease  among  the  colored  natives  in  the  West  Indies, 
South  America,  the  West  Coast  of  Africa,  Madagascar,  Ceylon,  Java,  and 
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many  of  the  islands  of  the  Pacific.  The  number  of  native  names  given 
to  the  disease  in  these  various  localities  is  very  large;  pian  in  the  French 
West  Indian  dialect,  boba  in  Brazil,  coko  in  Fiji,  parangi  in  Ceylon,  etc. 
The  disease  was  formeriy  looked  upon  as  a  somewhat  attenuated  form 
of  syphilis,^  with  which  indeed  it  has  much  affinity.  The  actual  identity 
of  the  two  is,  however,  not  now  generally  accepted.  The  specific  cause 
of  yaws  has  hitherto  been  as  mysterious  as  that  of  syphilis,  but  now  there 
seems  to  be  much  likelihood  that  the  etiology  of  both  diseases  will  be  made 
clear,  along  similar  lines.  In  1905  Castellani^  found  in  eleven  out  of 
fourteen  cases  of  yaws,  a  spirochaete  (S.  pertenuis)  practically  indistin- 
guishable from  the  organism  found  by  Schaudinn  in  the  lesions  of  syphilis, 

the  now  well-known 
treponema  pallidum 
(Spirocha^ta  pallida) . 
(See  Vol.  I,  pi.  XV.) 

Symptoms  and 
Course. — From  inocu- 
lation experiments'  as 
well  as  from  clinical 
observation  there  is  an 
incubation  period  of 
yaws  of  from  two  to 
seven  weeks,  and  when 
a  disease  is  purposely 
induced,  the  initial 
lesion  appears  at  the 
site  of  inoculation  in 
the  shape  of  a  papule 
which  later  softens, 
ulcerates,  and  heals 
under  a  crust.  This 
initial  papule  may  be 
overlooked  in  the  typi- 
cal general  eruption  of 
yaws  which  appears  very  soon  after  or  which  may  even  accompany  it.  It  is 
seldom  possible  positively  to  recognize  the  original  point  of  entry  in  cases 
naturally  acquired  by  contagion.  The  general  eruption  is  papular  and 
scattered  over  the  body.  At  first  of  pin-head  size,  some  of  the  papules  in- 
crease in  bulk  until  they  become  as  large  as  marbles.  The  epidermis  over 
the  nodule  cracks,  showing  a  raw  granulating  surface,  exuding  a  yellowish, 
seropurulent  fluid.  The  growths  are  discrete,  as  a  rule,  but  may  coalesce 
and  form  irregular  shaped  masses  or  rings.  Sometimes  one  of  the  nodules 
becomes  much  larger  than  the  others,  showing  less  tendency  to  heal,  and 
occasionally  ulcerating  in  all  directions  with  much  destruction  of  tissue. 
This  is  known  as  the  **  mother  yaw,'*  and  it  may  possibly  develop  from  the 
primary  papule.^  The  eruption  goes  on  for  several  months  with  successive 
crops  of  nodules.  If  the  hygienic  conditions  are  bad  or  the  case  is  im- 
properly treated,  the  eruptive  stage  may  be  prolonged  for  a  year  or  two. 


Flo.    660.— Yaws.     (Photo   by   W.    M.    Gray,   Army   Medical 

Museum). 

Section  showinc  spirochetes;  X  1500,  Levaditi  stain. 
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The  constitutional  symptoms  during  this  stag^  vary  with  the  case;  the 
patient  may  remain  in  fairiy  good  health,  or  there  may  be  much  debility 
with  fever,  wasting,  and  anemia.  The  lymphatics  are  swollen  in  the  severe 
cases,  but  this  is  not  a  regular  feature  of  this  disease  as  it  is  of  syphilis. 

The  tendency  of  yaws  is  toward  a  cure  in  about  six  months,  but  some 
cases  are  more  protracted.  The  nodules  dry  up  and  fall  off,  leaving  a 
discolored  spot  on  the  skin.  When  they  are  irritated  or  when  the  patient 
is  in  a  depraved  physical  state  from  dirt  or  misery,  the  lesions  instead  of 
healing  persist,  go  on  to  ulceration  which  invades  surroimding  tissue,  and 
in  a  small  proportion  of  cases  the  end  is  even  death  from  exhaustion  or 
sepsis.  When  these  severe  cases  terminate  in  recovery  after,  it  may  be, 
years  of  suffering,  permanent  crippling  may  remain  from  cicatricial  con- 
traction. Tertiary  symptoms  following  yaws  have  been  described, 
such  as  periostitis,  ulceration  of  bone,  etc.* 

The  treatment  of  yaws  consists  of  cleanliness,  liberal  diet,  and 
general  good  hygiene.  Mercury  is  useful,  but  must  be  cautiously  used, 
as  it  is  not  the  specific  that  it  is  in  syphilis.  lodid  of  potassium  is,  how- 
ever, of  great  value,  as  is  also  arsenic.  Tonics  are  needed  through  conva^ 
lescence.  Locally,  antiseptic  lotions  may  be  used,  small  chronic  growths 
may  be  destroyed  with  carbolic  acid  or  the  curat;  ulcers  scraped  and  disin- 
fected. As  the  disease  is  highly  contagious,  isolation  of  the  sick,  and 
thorough  disinfection  of  their  houses,  bedding,  and  clothing  must,  of 
course,  be  strictly  carried  out.  White  residents  are  by  no  means  inmiune 
to  yaws,  but  usually  escape  because  of  their  better  hygiene  and  by  keeping 
aloof  from  the  natives. 

The  points  of  resemblance  of  yaws  to  syphilis  are  indicated  in  the  fore- 
going brief  description,  but  the  points  of  difference  are  many,  and  may 
be  summarized  as  follows:  (1)  Yaws  most  frequently  attacks  young 
children,  and  the  lesions,  even  in  adults,  are  nearly  always  extra-genital. 
(2)  It  is  spread  by  contagion,  but  can  seldom  be  traced  to  sexual  inter- 
course. (3)  The  cutaneous  lesions  are  always  true  to  the  type,  thus  differ- 
ing from  syphilides  in.  general.  (4)  Yaws  imdoubtedly  existed  in  many 
places  prioF  to  the  coming  of  the  white  man  with  his  fatal  gift  of  syphilis. 
(5)  Charlouis,'  who  inoculated  yaws  experimentally,  also  inoculated  a 
patient  suffering  from  typical  yaws  with  syphilis,  producing  a  true  hard 
chancre  and  secondary  s3rmptoms.  (6)  Lastly,  MacLeod*  describes 
essential  histologic  differences  between  the  lesions  of  the  two  diseases. 
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AINHUM. 

The  name  "ainhum"  is  of  African  derivation,  meaning  "to  saw," 
and  is  given  to  a  curious  disease  affecting  colored  races,  more  particulariy 
the  black.     It  is  characterized  by  a  slow  amputation  of  one  or  more 
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digits,  generally  a  symmetric  separation  of  the  little  toes,  although  other 
toes  or  even  fingers  may  be  affected.  It  is  prevalent  in  Africa,  in  India, 
and  in  Brazil.*  In  the  United  States'*  over  a  dozen  cases  are  on  record, 
all  in  negro  patients.  The  disease  begins  with  a  fissure  at  the  root 
of  the  toe,  on  the  plantar  surface.  Usually  the  little  toes  of  both  feet  are 
affected  simultaneously,  but  one  foot  may  remain  sound  or  subsequently 
become  diseased.  The  fissure  deepens  and  extends  entirely  around  the 
digit,  without  pain,  and  with  very  little  if  any  ulceration  and  no  bleeding. 
The  toe,  which  is  being  very  slowly  amputated,  enlarges  and  becomes 
almost  spherical,  and  finally  after  several  years  drops  off.    The  con- 


Fio.  561.— AiNHUM. 

striction  is  generally  at  the  first  interphalangeal  joint,  but  may  be  around 
the  first  phalanx.  After  separation  a  small  ulcer  is  left  which  usually 
heals  without  further  trouble.  The  disease  is  seldom  attended  with  annoy- 
ing symptoms,  and  gives,  indeed,  so  little  inconvenience  to  the  patients 
that  they  may  not  seek  treatment  until  the  last  stages.  Occasionally,  the 
constricting  groove  may  be  ulcerated  or  painful,  but  this  is  generally  due  to 
injury  when  the  toe  has  nearly  separated.  Ainhum  is  most  common  in 
adult  males,  but  the  cause  of  the  complaint  is  entirely  obscure.  Zambaco* 
believes  it  to  be  a  very  much  attenuated  nerve  leprosy,  but  the  disease, 
as  in  Brazil,  is  common  in  regions  where  leprosy  is  not  seen.  It  is  not 
due,  as  has  been  asserted,  to  the  wearing  of  rings  on  the  toes  after  the  cus- 
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torn  of  savages,  because  it  occurs  among  people  where  such  a  custom  is 
unknown  (American  negroes,  for  instance,  do  not  wear  toe  rings)  and 
where  shoes  are  worn.  The  disease  has  certainly  all  the  marks  oi  tropho- 
neurosis, resembling  in  a  measure  Raynaud's  disease  and  nerve  leprosy, 
but  it  is  quite  different  from  both  in  many  symptoms.  According  to  Unna, 
ainhum  is  a  sort  of  linear  scleroderma,  in  which  the  epidermis  hardens 
and  shrinks,  compressing  the  papillary  layer  and  causing  pressure  necrosis. 
Obliterating  arteritis  follows,  with  degeneration  of  all  the  tissues  of  the 
toe,  including  the  bone  which  is  the  seat  of  rarefying  ostitis.  There  is  no 
treatment  that  will  preserve  the  toe  after  separation  has  progressed 
to  any  extent,  but  in  the  unlikely  event  of  making  a  diagnosis  of  the  disease 
in  its  earlier  stage,  an  incision  of  the  constriction,  with  curetment  of  hard- 
ened tissue,  might  possibly  stop  further  progress.  The  partly  separated 
toes  should  be  removed  whenever  in  the  least  troublesome. 


GOUNDOU. 

Goundou  is  a  curious  endemic  disease  of  the  tropics,  confined  to  negroes, 
in  which  S3rmmetric  bony  tumors  form  and  slowly  grow  on  each  side  of 
the  nose,  giving  the  countenance  a 
grotesque  and  ape-like  appearance. 
Beginning  usually  in  childhood,  small 
bony  excrescences,  nearly  always  bi- 
lateral, develop,  arising  from  the 
nasal  processes  of  the  upper  maxil- 
lary bones,  later  involving  the  nasal 
bones.  The  tumors  continue  to  grow 
throughout  life,  and  attain  in  course 
of  time  the  size  of  hens'  eggs.  They 
are  ovoid  with  the  long  axes  converg- 
ing above,  smooth,  insensitive,  and 
in  no  way  involve  the  skin,  which  is 
freely  movable.  The  structure  of 
the  growth  is  spongy  bone  covered 
by  a  thin  compact  layer. 

The  etiology  of  goundou  is  al- 
together unknown.  The  disease,  if 
disease  it  be,  is  said  by  Maclaud^  to 
affect  monkeys,  and  Strachan,'  who 
observed  a  similar  deformity  in  negro 
children  in  the  West  Indies,  sug- 
gests that  it  may  be  an  atavistic  survival  of  the  normal  features  of  a  re- 
mote African  ancestry,  a  suggestion  of  more  interest  to  those  to  whom 
evolution  means  only  that  **man  is  descended  from  a  monkey"  than  to 
pathologists. 

The  Agnis,  a  tribe  of  the  Ivory  Coast,  regard  goundou  as  a  mark  of  the 
wrath  of  a  certain  fetish,  *' Jero,''*  who  is  represented  as  carrying  upon  his 
wooden  nose  the  characteristic  twin  tumors.    The  victims  take  no  measure 
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to  treat  themselves,  but  look  upon  the  deformity  somewhat  in  the  light 
of  a  mischievous  prank  played  upon  them  by  the  o£Fended  divinity. 

Goundou  does  not  appear  to  be  hereditary,  nor  to  follow  any  known 
disease,  although  Chalmers'  believes  the  tumors  to  be  an  osteoplastic 
periostitis  due  to  yaws  {q.  v,),  as  he  noticed  that  the  affection  occurred 
during  or  after  an  attack  of  that  disease.  In  a  number  of  clinical  reports 
by  other  observers*  a  history  of  yaws  is  noted,  but  Lopez,*  describing 
the  only  recorded  case  in  Mexico,  was  unable  to  get  any  history  of  antece- 
dent disease.  Gk)undou  occasions  no  inconvenience,  beyond  of  course 
its  unsightliness,  unless  the  tumors  have  become  very  large,  in  which  case 
the  nasal  cavities  may  be  partially  occluded,  or  the  vision  may  possibly  be 
obstructed.  No  treatment  short  of  removal  by  the  chisel  is  of  any  avail; 
this  is  not  difficult,  especially  when  the  tumors  are  small,  as  in  childhood. 
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CHAPTER  LXIX. 

THE  INFLUENCE  OF  RACE,  SEX,  AND  AGE  IN 
SURGICAL  AFFECTIONS. 

By  Wm.  L.  Rodman,  M.D., 

PHUiADfeLPmA. 

In  this  chapter  the  consideration  of  racial  differences  will  neces- 
sarily be  largely  limited  to  those  between  the  white,  black,  and  Indian 
races  of  North  America,  Undoubtedly  there  is  a  difference  in  the  sus- 
ceptibility of  the  white,  black,  and  red  man  to  surgical  affections,  but 
their  environments,  changes  in  climate,  mode  of  living,  etc.,  have  greatly 
lessened  the  inmiunity  the  negro  enjoyed  when  he  came  to  America,  and 
for  two  centuries  subsequently. 

During  my  former  residence  in  Louisville,  Kentucky,  I  had  excellent 
opportunity  to  study  the  susceptibility  of  the  negro  to  various  surgical 
affections,  and  I  found  both  from  personal  experience  and  from  an  ex- 
haustive study  of  the  records  furnished  by  the  Louisville  City  Hospital 
and  the  health  officer's  reports,  supplemented  by  letters  from  all  of  the 
more  prominent  surgeons  of  the  south,  that  not  only  have  the  diseases 
which  originally  attacked  the  negro  remained  as  virulent  in  his  new  sur- 
roundings, but  that  he  is  now  relatively  more  liable  than  the  Caucasian  to 
some  affections  to  which  he  was  formerly  comparatively  immune,  such 
as  malignant  disease,  tuberculosis  of  glands,  skin,  and  bones. 

From  ten  years'  added  experience  in  Philadelphia,  with  a  fairly  large 
colored  population,  I  am  convinced  that  the  foregoing  statements  are 
not  only  true  of  the  negro  in  the  south,  but  are  even  truer  of  him  as  he 
moves  further  north  into  climates  and  environments  to  which  he  is  at 
best  ill  suited.  While  I  do  not  altogether  agree  with  such  authorities 
as  the  late  D.  W.  Yandell,  of  Louisville,  and  the  late  Hunter  McGuire,  of 
Richmond,  when  they  said  that  the  negro  in  North  America  will  in  time 
become  as  extinct  as  the  North  American  Indian  and  the  bison,  one  can 
readily  appreciate  some  of  the  reasons  for  such  a  statement.  It  is,  how- 
ever, surgical  affections  only  in  which  we  are  particularly  interested,  and, 
therefore,  I  will  proceed  to  discuss  the  more  important  of  these  with  ref- 
erence to  race,  sex,  and  age. 

Generally  speaking,  I  divide  the  people  of  the  United  States  into  two 
special  classes,  namely,  the  white  and  the  black;  including  under  white 
not  only  the  Anglo-Saxon,  but  also  the  various  white  races  of  Europe 
which  have  emigrated  to  this  country,  as  Italians,  Russians,  Swedes, 
Norwegians,  Polaks,  etc.  Under  the  second  general  classification,  I 
speak  primarily  of  the  full-blooded  descendants  of  Africans,  and  do  not 
include  the  mulatto  unless  especially  mentioned  as  such. 
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Aneurysm. — Race. — Aneurysms  occur,  as  far  as  I  know,  in  every  race. 
This  seems  reasonable,  since  arterial  degenerations  are  the  most  important 
predisposing  causes  in  their  etiology,  and,  the  latter  are,  as  a  rule,  depen- 
dent upon  syphilis.  But  there  are  certain  races  in  whom  we  encounter 
aneurysm  more  frequently  than  in  others.  From  my  experience  in  the 
south,  and  from  the  opinions  of  other  surgeons  of  that  section,  I  am  con- 
vinced that  the  negro  is  particularly  liable  to  develop  aneurysm.  The 
late  Hunter  McGuire,  of  Richmond,  Tiffany,  of  Baltimore,  and  many 
others  to  whom  I  have  written  in  the  past  regarding  this  subject,  all 
say  that  aneurysm  is  seen  more  frequently  in  the  negro  than  in  the 
white.  In  the  United  States  Census  Report  the  ratio  of  3  to  1  is  given 
against  the  negro.  The  records  of  the  health  office  of  Louisville  and  those 
of  the  Louisville  City  Hospital  agree  with  these  statistics.  The  fact 
that  aneurysms  are  seen  so  frequently  in  the  colored  race  is  readily  to  be 
explained,  since  the  negro  is  (a)  very  frequently  infected  with  syphilis 
and  is,  therefore,  (6)  prone  to  arterial  degenerations,  such  as  atheroma 
and  sclerosis,  and  is  (c)  usually  a  laborer,  thus  adding  the  exciting  cause, 
viz.,  hard  work.  Camac,  in  an  analysis  of  3954  necropsies,  concludes  that 
aneurysm  is  three  or  four  times  as  common  in  the  colored  as  in  the  whites. 

In  England  and  Germany  aneurysms  are  said  to  be  common,  while  in 
China  it  is  looked  upon  as  one  of  the  rarest  affections.  The  Chinese  are 
phlegmatic  in  temperament,  and  live  upon  a  non-stimulating  diet,  all  of 
which  may  have  some  little  influence  upon  the  predisposing  etiology  of 
aneurysm. 

Sex. — ^The  majority  of  cases  occur  in  men,  because  of  their  more 
marked  predisposition  to  vascular  disease,  on  the  one  hand,  and  .their 
occupation  and  habits  on  the  other.  Souchongs  series  of  ninety-eight 
cases  shows  seventy-six  males  and  twenty-two  females.  Crisp,  in  an 
analysis  of  five  hundred  and  fifty-one  cases,  found  it  to  be  seven  times 
more  common  in  men. 

Age. — The  majority  of  cases  will  occur  between  thirty-five  and  fifty- 
five.  In  a  series  of  cases  which  I  collected  none  occurred  under  twenty-five 
and  but  three  under  thirty.  The  ages  of  these  patients  were  twenty-five, 
twenty-eight,  and  twenty-eight  respectively.  Fremont-Smith  *  has  called 
attention  to  the  occurrence  of  aneurysms  in  the  young.  He  states  that 
Roger,  in  ninety-eight  cases  of  aortic  aneurysm  found  but  one  under 
twenty  years  of  age.  Holmes  found  thirteen  instances  of  intracranial 
aneurysm  in  children,  and  other  such  aneurysms  were  reported  by  Parker, 
Crisp,  Jacobi,  and  Keen.  Camac,  from  an  examination  of  the  records  of 
seven  hundred  and  ninty-nine  autopsies  in  children,  finds  no  case  of  aneu- 
rysm between  one  and  ten  years;  but  from  three  hundred  and  forty  autopsy 
reports  of  aneurysm  in  the  literature,  finds  two  cases  in  the  first  five 
years  of  life;  in  the  second  five,  three  cases,  and  twenty-seven  cases  in 
the  second  decade.  * 

Fremont-Smith  also,  in  his  interesting  paper,  states  that  in  a  series 
of  cases  forty-six  occurring  under  twenty  years  of  age  were  clearly  due 

*  Fremont -Smith:   •'Arteriosclerosis  in  the  Young,"  Am.  Jour.  Med.  Sci.,  Feb., 
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to  local  arteriosclerosis.  This  is  of  decided  interest,  since  syphilis  has 
usually  been  accepted  as  the  chief  factor  in  the  production  of  aneurysm. 
He  states  further  that  of  this  series  of  forty-six  cases,  syphilis  was  men- 
tioned in  twelve  instances,  it  being  negative  eleven  times  and  positive 
once;  also  that  Camac  in  extensive  researches  of  hospital  reports  attri- 
butes about  32  per  cent,  of  adult  aneurysms  to  syphilis — about  16  per 
cent,  to  tuberculosis. 

Other  interesting  cases  occurring  in  the  literature  are  quoted  by 
Fremont-Smith,  such  as  phenomenal  instances  of  still-born  infants  with 
aneurysm  of  the  abdominal  aorta  so  large  as  to  cause  dystocia.  He  also 
mentions  Martin's  case  of  aneurysm  of  the  ductus  arteriosus  in  an  infant 
of  one  month;  Roger's  case  of  aneurysm  of  the  transverse  aorta  in  a  girl 
of  ten;  Eppinger's  case  of  aneurysm  of  the  right  and  left  coronary  arteries 
at  their  origin  in  a  girl  of  ten  years,  and  Camby's  case  of  aortic  aneurysm 
in  a  girl  of  fourteen  years.  He  quotes  these  cases  as  examples  of  non- 
specific aneurysms.  His  careful  review  of  the  literature  has  borne  inter- 
esting results,  and  shows  us  that  aneurysms  do  occur  much  more  fre- 
quently in  the  young  than  has  been  thought. 

The  disease  again  becomes  comparatively  rare  after  sixty. 

Congenital  Deformities.— The  savage  races,  as  the  North  American 
Indian  and  the  African,  seem  to  enjoy  a  partial  inmiunity  to  all  congeni- 
tal deformities.  There  are  but  few  reported  instances  of  harelip,  cleft 
palate,  club-foot,  spina  bifida,  etc.,  occurring  in  either  of  these  races. 
This  may  be  explained  in  the  case  of  the  North  American  Indian  by  the 
fact  that  deformed  children  are  soon  put  to  death  after  birth.  This 
practice  does  not  obtain  with  the  negro.  Therefore  a  further  explan- 
ation has  to  be  sought.  It  would  seem  that  civilized  races  are  possibly 
more  prone  to  l)ear  deformed  children  on  account  of  their  artificial  mode 
of  Hving. 

However,  the  influence  of  heredity  upon  congenital  deformities  is 
still  speculative,  and,  therefore,  no  one  can  speak  with  authority.  It 
would  seem  also  that  congenital  deformities  are  of  infrequent  occurrence 
in  the  Jews,  Mexicans,  Chinese,  and  Japanese. 

Erysipelas. — Age. — The  two  extremes  of  life  suffer  from  this 
disease  most  frequently,  young  adults  and  middle-aged  persons  having 
it  but  rarely. 

Sex  seems  to  have  but  little,  if  any,  influence. 

Race. — The  total  number  of  deaths  due  to  erysipelas  in  one  year,  as 
reported  in  the  United  States  Census  Report,  was  2663.  The  death-rate 
per  100,000  inhabitants  was  as  follows: 

Under  five  years 31.34  per  cent 

Five  to  fifteen  years 0.81    "     " 

Fifteen  to  forty-five  years 2.80    "     " 

Forty-five  to  sixty-five  years 8.88    "     " 

Sixty-five  and  over 38.55    "     " 

Of  this  series  of  cases,  only  two  are  reported  in  colored  persons.  This 
may,  however,  \ye  explained  by  the  fact  that  the  diagnosis  of  erysipelas 
in  the  negro  is  difficult,  inasmuch  as  his  dark  skin  often  causes  an  erysi- 
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pelatous  inflammation  to  be  overlooked.  In  my  series  of  seventy- 
nine  deaths  reported  from  erysipelas,  seventeen  were  negroes;  this  is 
slightly  less  than  an  equal  proportion  between  the  two  races  in  Louis- 
ville, the  population  being  4  to  1.  I  should,  therefore,  say  that  erysipelas 
is  not  quite  so  frequently  seen  in  the  colored  as  in  the  white. 

Goiter. — So  meager  is  the  literature  regarding  the  frequency  of 
goiter,  colloid,  cystic,  or  exophthalmic,  with  respect  to  race,  sex,  and  age 
that  definite  conclusions  are  impossible.  Much,  however,  has  recently 
been  written  on  the  pathology  and  surgical  treatment  of  affections  of  the 
thyroid  gland.  I  have  seen  few  cases  in  the  negro  and  believe  goiter  to  be 
rare  in  this  race.  Of  the  many  surgeons  to  whom  I  have  written  within 
the  year,  but  few  have  seen  goiter  of  any  variety  in  the  colored  race. 
McRae  has  seen  one  case;  Payne  many  cystic  and  one  exophthalmic; 
Brown  one  colloid  and  one  exophthalmic;  Wathen  two  cystic  and  one 
exophthalmic,  and  Lenow  one  colloid.  Bloodgood  states  that  almost 
every  lesion  of  the  thyroid  gland  has  been  observed  in  negroes  at  the 
Johns  Hopkins  Hospital,  but  he  considers  them  comparatively  less  fre- 
quent in  negroes  than  in  whites.  C.  H.  Mayo,  who  is  tmdoubtedly  oper- 
ating for  goiter  more  frequently  than  any  one  else  in  this  country,  has 
never  seen  a  case  in  the  negro,  though  this  may  be  partly  explained  by  the 
fact  that  negroes  are  rarely  met  with  at  the  Rochester  clinic,  since  there 
are  but  a  very  few  in  the  northwestern  States.  It  is  certain,  however, 
that  goiter,  while  practically  seen  everywhere,  does  occur  with  greater 
frequency  in  some  locations  than  in  others.  It  may  be  endemic,  as,  for 
instance,  in  certain  parts  of  Switzerland,  while  in  other  parts  of  the  same 
country  it  is  extremely  rare.  This  is  in  keeping  with  the  accepted  idea 
of  the  etiology;  namely,  that  certain  qualities  in  the  drinking-water  are 
responsible  for  the  irritation  and  enlargement  of  the  thyroid.  Kocher 
states  (see  Vol.  Ill,  Keen's  ''Surgery")  that  when  endemic,  goiters  are 
usually  of  the  colloid  variety,  and  that  persons  previously  unaffected 
may  develop  goiter  after  going  to  a  community  where  the  disease  is  prev- 
alent. Goiters  are  also  common  in  Germany,  and  are  often  seen  else- 
where on  the  Continent,  as  in  France.  In  parts  of  Pennsylvania,  as 
Indiana  and  Clearfield  Counties,  goiters  are  very  common. 

Sex. — ^AU  varieties  of  goiter  are  somewhat  more  common  in  women 
than  in  men.  Especially  in  this  true  of  the  exophthalmic  variety,  yet  I 
have  treated  two  well-marked  cases  in  boys,  aged  fifteen  and  seventeen 
respectively. 

Age. — No  age  seems  to  be  exempt.  The  disease  is  most  common, 
however,  from  the  thirtieth  to  the  forty-fifth  year.  In  a  series  of  cases 
collected  by  myself  the  average  age  was  thirty,  which  corresponds  fairly 
well  with  my  own  clinical  experience. 

Appendicitis. — Race. — Appendicitis  is  of  more  common  occur- 
rence in  whites  than  in  blacks.  Possibly  this  may  be  explained  by  the 
fact  that  appendicitis  is  often  ssociated  with  digestive  disturbances,  and, 
since  the  negro  lives,  as  a  rule,  upon  a  more  simple  diet,  he  is  not  so 
liable  to  gastric  disorders. 

While  living  in  Kentucky,  I  operated  frequently  for  appendicitis,  and 
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only  once  did  I  encounter  the  disease  in  a  full-blooded  negro.  I  have 
seen  it  several  times  apparently  in  full  bloods  during  the  last  ten  years 
passed  in  Philadelphia.  A  large  number  of  surgeons  of  the  South,  in 
answering  a  circular  letter,  assured  me  that  my  experience  has  been  the 
same  as  their  own. 

However,  as  is  true  of  many  other  diseases,  the  negro  is  becoming  less 
resistant  to  appendicitis,  and  that  we  shall  find  it  more  frequently  in  the 
future  I  have  no  doubt.  It  is  not  uncommon  at  the  Pennsylvania  Hos- 
pital in  this  city,  where,  perhaps,  a  larger  number  of  negroes  are  operated 
upon  than  in  any  other  hospital  in  Philadelphia. 

Furthermore,  appendicitis  is  either  on  the  increase  in  nearly  every 
country  and  with  every  race,  or  its  recognition  has  been  made  easier  wdth 
both  the  profession  and  the  laity. 

Sex. — ^Appendicitis  affects  men  more  frequently  than  women.  Some 
go  so  far  as  to  state  that  it  occurs  in  the  male  four  times  as  frequently 
as  in  the  female.  My  experience  has  led  me  to  believe  that  the  dispro- 
portion between  the  sexes  is  not  so  great  as  this,  but  I  am  convinced  that 
it  is  undoubtedly  more  common  in  men,  occurring  in  my  practice  in  the 
ratio  of  about  2  to  1.  The  reason  for  this  fact  has  never  been  thoroughly 
understood,  but  various  theories  have  been  advanced,  the  more  important 
of  which  seems  to  be  the  one  based  upon  an  anatomic  difference,  namely, 
that  the  appendix  in  the  female  is  supplied  by  a  small  branch  from  the 
ovarian  artery  in  addition  to  the  vessels  which  nourish  it  in  the  male. 
Therefore,  with  a  better  blood-supply,  degeneration  and  inflammation 
are,  of  course,  less  apt  to  occur. 

Age. — It  is  well  known  that  appendicitis  belongs  to  young  adult 
life,  but  cases  at  all  ages  have  been  met  with.  The  disease  is  common 
between  fifteen  and  thirty-five.  It  is  infrequently  seen  in  children  less 
than  five  years  of  age,  and  there  are  relatively  but  few  cases  reported 
under  ten  years  of  age,  the  liability  after  that  being  progressively  increased 
with  each  quinquennium  up  to  the  thirty-fifth  year.  The  average  age  in  a 
large  series  of  cases  was  approximately  23.14.  In  Fowler's  experience  the 
youngest  patient  was  2.5;  the  oldest  sixty-eight.  In  the  youngest  patient 
the  disease  was  tuberculous  in  character,  this  being  the  only  case  occurring 
imder  five  years  of  age.  Following  is  a  table  compiled  by  the  late  Dr. 
Fowler,  taken  from  the  **  Annals  of  Surgery"; 

CASES. 

Between  five  and  ten  years 8 

ten  and  fifteen  years 21 

fifteen  and  twenty  years 29 

twenty  and  twenty-five  years 43 

twenty-five  and  thirty  years 23 

thirty  and  forty  years 28 

Over  forty  years 16 

Acute  Intestinal  Obstruction.— I  shall  only  discuss  under  this 
heading  that  type  of  obstruction  which  is  acute  in  origin,  independent 
of  any  congenital  malformation,  since  it  would  seem  that  this  type 
has  a  more  direct  bearing  upon  the  subject.     In  considering  acute  ob- 
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struction,  we  have:  (1)  invagination  or  intussusception;  (2)  impaction 
of  foreign  bodies,  notably  gall-stones;  (3)  volvulus  or  twisting  of  the 
bowel  upon  its  axis,  said  to  be  dependent  upon  an  elongation  of  the 
mesenteric  attachment  of  the  gut;  (4)  internal  strangulation  due  to  either 
an  inflammatory  band,  a  Meckel's  diverticulum,  or  a  protrusion  of  gut 
through  some  internal  opening. 

Intussusception. — ^About  one-third  of  all  cases  of  acute  intestinal 
obstruction  are  caused  by  intussusception.  According  to  W.  Brinton, 
who  analyzed  12,000  cases  post  mortem,  intussusception  approximately 
causes  33  per  cent,  of  all  cases.  Some  place  the  figures  higher,  such  as 
Lichtenstein  and  Fitz,  who  give  the  percentage  at  38,  and  others  as  low 
as  30.  As  is  generally  known,  intussusception  is  pre-eminently  an  affec- 
tion of  infancy  and  early  childhood.  Holt,  in  a  series  of  three  hundred 
and  eighty  cases  of  intussusception  in  children,  found  that  one  hundred 
and  forty-one  were  under  six  months  and  eighty-nine  between  six  and 
twelve  months;  thirty-two  between  the  first  and  second  year;  ninety-six 
between  two  and  ten  years.  Therefore  it  will  be  seen  that  considerably 
more  than  one-half  of  these  cases  collected  by  Holt  occurred  within  the 
first  year. 

Sex  seems  to  have  some  influence,  as  it  was  encountered  more  frequently 
in  male  children  than  in  females,  there  being  one  hundred  and  seventy- 
four  of  the  former  against  ninety-four  of  the  latter.  As  age  advances 
intussusception  is  said  to  be  a  more  frequent  occurrence  in  males  than 
in  females.  At  least  one-half  of  all  cases  occurred  at  the  ileocecal  valve, 
the  remainder  occurring  in  the  small  intestine  twice  as  frequently  as  in 
the  colon. 

Impaction  of  Foreign  Bodies. — Foreign  bodies,  such  as  gall-stones, 
may  occasionally  cause  intestinal  obstruction.  In  looking  over  records 
of  reported  cases,  I  find  that  this  is  the  cause  of  about  one  case  in  fifteen 
of  intestinal  obstmction  of  the  acute  variety.  When  it  is  the  result  of 
gall-stones,  the  symptoms  of  obstruction  are  less  acute  than  usual. 

I  have  seen  two  cases  caused  by  impaction  of  enormous  gall-stones, 
both  in  elderly  white  females.  Extraneous  foreign  bodies  may  rarely 
cause  intestinal  obstruction,  these  cases  occurring,  as  a  rule,  in  children 
who  are  apt  to  swallow  such  objects.  Cases  due  to  fecal  impaction  are 
usually  in  elderly  subjects,  the  majority  being  women. 

Volvulus. — Since  volvulus  depends  presumably  upon  elongation  of  the 
mesentery,  it  is,  therefore,  apt  to  occur  in  elderly  subjects  with  greater 
frequency.  However,  cases  have  been  seen  in  children,  due  in  all  probability 
to  congenital  lengthening  of  the  mesentery.  Volvulus,  however,  is  a 
rare  cause  of  acute  intestinal  obstruction,  and  occurs,  as  I  have  said,  with 
greater  frequency  in  elderly  people  whose  mesenteries  are  elongated  from 
frequent  strain. 

Internal  Strangulation. — This  form  of  acute  intestinal  obstruction 
is  met  with  more  often  than  all  others.  It  is  due,  as  has  l^een  said,  either 
to  an  adhesive  band,  a  Meckers  diverticulum,  or  protrusion  of  the  gut 
through  some  internal  opening,  as  internal  hernias.  This  variety  is  met 
with  in  patients  between  the  two  extremes  of  life,  since  occupation,  ex- 
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posure,  and  diseases  to  which  we  are  liable  during  the  active  period  of 
life  increase  our  susceptibility  to  obstructions  of  this  variety.  It  oc- 
curs with  about  equal  frequency  in  both  sexes,  often  following  the  for- 
mation of  adhesive  bands  in  men  with  appendicitis  and  women  with 
pelvic  inflammations. 

Intestinal  obstruction  is  apparently  less  frequently  met  with  in  the 
colored  race,  since  they  are  somewhat  less  liable  to  intestinal  diseases, 
as  appendicitis,  etc. 

Gastric  Ulcer. — Race. — Gastric  ulcer  is  more  commonly  seen  in 
Germany  and  England  than  anywhere  else.  Combined  statistics  from 
seven  cities  in  Germany  show  that  the  average  frequency  of  gastric  ulcer 
as  determined  by  post-mortem  examinations  is  5  per  cent.  This  is  some- 
what greater  than  the  percentage  shown  by  early  investigations.  Brinton's 
estimate  of  5  per  cent,  for  England  has  long  been  considered  correct. 
Out  of  59,762  medical  cases  in  the  London  hospitals,  however,  H.  A. 
Hare  states  that  1649,  or  2.7  per  cent.,  were  cases  of  gastric  ulcer.  How- 
ever, it  has  long  been  thought  to  be  more  common  in  England  than  it  is 
in  America.  According  to  Hare's  statistics,  its  incidence  is  more  than  four 
times  as  great  in  the  former  as  in  the  latter  country.  The  combined 
statistics  of  five  Austrian  investigators  give  an  incidence  of  3.8  per  cent, 
for  that  country.  Two  series  of  cases  from  Copenhagen  give  an  incidence 
of  12  per  cent.  Recent  investigations  carried  on  in  Finland  give  an  inci- 
dence of  2.14  per  cent.  In  Russia  gastric  ulcer  is  rare.  Thus,  out  of 
6000  autopsies  made  in  St.  Petersburg  only  two  cases  were  found  (Petersen) . 
At  the  Marien  Magdalen  Hospital,  St.  Petersburg,  there  is  an  average 
admission  of  3500  to  3750  patients  yearly,  yet  no  case  of  gastric  ulcer 
during  one  entire  year  was  seen.  Donati's  statistics  show  a  percentage  of 
1.5  per  cent,  for  Italy  at  the  most,  including  all  cases  of  benign  stricture 
of  the  pylorus  in  the  category  of  ulcer.  Of  62,598  patients  admitted  to 
Ospedale  di  S.  Giovanni  in  Turin  from  1894 to  1903,  90, or  1.437  per  cent., 
were  diagnosed  as  ulcer.  Adding  to  this  the  forty-nine  patients  suffering 
with  benign  stricture  of  the  pylorus,  we  bring  the  total  percentage  to 
2.22  per  cent.  Post-mortem  records  from  the  pathologic  department  of 
the  University  of  Turin  corresponded  closely  to  the  clinical  record.  In 
more  than  8000  autopsies  the  percentage  of  gastric  ulcer  was  found  to  \ye 
2.6.  Sperk  states  that  gastric  ulcer  is  very  common  in  eastern  Siberia, 
and  Palgrave  is  quoted  by  Welch  as  stating  that  it  is  of  frequent  occurrence 
in  Arabia.  Post-mortem  records  from  the  Edinburgh  Royal  Infirmary 
based  on  35,692  cases  show  the  incidence  of  gastric  ulcer  to  be  2.2  per  cent. 

In  this  country  gastric  ulcer  is  more  often  seen  in  whites  than  in  blacks. 
A  recent  statistical  study  was  made  by  J.  A.  Storck,  of  New  Orleans, 
showing  that  this  disease  is  rare  in  the  negro.  He  quotes  the  records  of 
the  New  Orleans  Board  of  Health,  which  show  the  total  mortality 
in  that  city  from  1893  to  1903  to  be  as  follows:  whites,  48,550;  blacks, 
30,012.  Deaths  from  ulcer  of  the  stomach  in  the  two  races  during  this 
decade  were  whites,  60;  blacks,  13.  Furthermore,  in  a  study  of  6800 
medical  cases  in  whites  he  found  that  there  were  fifty-eight  cases  of  gastric 
ulcer,  whereas  in  4900  medical  cases  in  negroes,  there  were  only  two 
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cases  of  gastric  ulcer.  I  have  never  seen  a  case  in  the  negro  in  which  the 
symptoms  were  definite  enough  to  warrant  a  diagnosis  of  gastric  ulcer. 
None  of  the  surgeons  to  whom  I  have  written  about  this  subject  report 
any  such  case,  except  Brown,  of  Birmingham,  Ala.,  who  reports  *'one 
supposed  case.  No  operation.  Death  from  hemorrhage  of  stomach. 
No  autopsy";  and  Bloodgood,  of  Baltimore,  who  believes  the  negro  to 
be  as  frequently  affected  as  the  white.  W.  J.  and  C.  H.  Mayo  have 
never  had  a  case  of  ulcer  of  the  stomach  in  a  negro. 

Sex. — Statistics  show  that  gastric  ulcer  is  more  common  in  women 
than  in  men.  Berthold  found  ulcer  in  3.84  per  cent  of  all  the  female  bodies 
he  examined  post-mortem  and  in  2.06  per  cent,  of  the  male  bodies.  Steiner *s 
statistics  are  4  per  cent,  for  females  and  3  per  cent,  for  males;  Lebert's, 
10  per  cent,  for  females  and  7  per  cent,  for  males;  Willig's,  7  per  cent, 
for  females  and  2.02  per  cent,  for  males;  Nolte's,  1.8  per  cent,  for  females 
and  0.8  per  cent,  for  males.  The  Fenwicks  make  the  ratio  3  to  1  in  favor 
of  females.  Greenough  and  Joslin  state  that  at  the  Massachusetts  General 
Hospital  gastric  ulcer  is  five  times  more  common  in  women  than  in  men. 
At  the  Wiirzburg  clinic  there  have  been  for  many  years  twice  as  many 
cases  observed  in  women  as  in  men.  Of  the  ninety  cases  studied  by  Donati 
of  Turin,  fifty-six  were  women  and  thirty-four  were  men.  A  collective  in- 
vestigation made  by  H.  A.  Hare,  based  upon  reports  of  1548  cases  in 
England  and  the  United  States,  showed  that  1273  occurred  in  women 
and  275  in  men.  Cantlee  states  that  of  eighty-five  cases  of  gastric  ulcer 
seen  in  Montreal,  only  three  were  men.  Gluzmski,  of  Lemberg,  however, 
found  that  59  per  cent,  of  his  cases  were  in  men  and  41  per  cent,  in  women. 
Buckman,  of  Helsingfors,  states  that  of  207  cases  in  the  University  Clinic 
of  that  city,  142  were  men  and  65  women.  Of  737  cases  of  gastric  ulcer, 
the  reports  of  which  he  collected  from  the  various  parts  of  Finland,  396 
were  in  women  and  361  in  men. 

It  will  be  noticed  that  these  statistics  show  considerable  variations. 
My  own  belief  is  that  acute  ulcer  only  of  the  stomach  is  more  common 
in  young  women  than  it  is  in  men.  Chronic  ulcers  are  more  common  in 
men,  and  are  the  ones  which  come  to  operation,  as  they  are  not  amenable 
to  medical  treatment.  That  the  incidence  of  the  disease  is  about  the  same 
in  both  sexes  after  the  age  of  twenty-five  or  thirty  is  shown  by  recent  in- 
vestigations, notably  those  made  only  a  few  months  ago  by  W.  M.  Calwell, 
of  Belfast,  Ireland.  Although  the  statistics  above  quoted  are  the  most 
complete  I  have  been  able  to  obtain,  I  do  not  consider  them  adequate  for 
the  determination  of  the  liability  of  the  two  sexes  to  gastric  ulcer.  Further 
observations  must  be  made,  particularly  by  surgeons  at  the  operating 
table;  in  post-mortem  examinations  distinction  must  be  made  between 
recent  ulcer,  chronic  ulcer,  and  scars;  and  modem  methods  of  diagnosis 
must  be  more  frequently  employed  by  physicians  in  hospital  and  private 
practice.  In  this  way  a  better  understanding  of  the  matter  will  be  ob- 
tained. 

W.  J.  Mayo,  who  has  studied  this  subject  and  made  accurate  ob- 
servations at  the  operating  table,  has  shown  that  ulcers  which  have  been 
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thought  gastric  are  in  reality  duodenal  in  a  majority  of  instances.  They 
are  also  vastly  more  common  in  men. 

Gall-stones. — ^Race. — I  formerly  thought  that  gall-stones  occurred 
in  full-blooded  negroes  with  extreme  rarity.  During  my  entire  surgical 
experience  of  fifteen  years  in  Louisville,  Ky.,  I  never  saw  a  case  in  the 
colored  race.  In  1898,  when  preparing  my  chairman's  address  to  the 
Section  on  Surgery  of  the  American  Medical  Association,  which  embraced 
the  subject  considered  in  this  chapter,  I  made  a  careful  study  of  the  subject 
and  went  over  the  records  of  the  Louisville  City  Hospital,  but  failed  to 
find  a  single  case  of  gall-stones  in  the  full-blooded  negro,  either  in  the 
clinical  or  post-mortem  records.  I  wrote  to  the  leading  surgeons  of  the 
south,  and  Tiffany,  and  others  equally  experienced,  replied  that  they 
had  never  seen  a  case  of  gall-stones  in  the  black  race.  The  late  W.  E.  B. 
Davis,  of  Birmingham,  reported  one  case  in  a  mulatto.  During  the  ten 
years  passed  in  Philadelphia  I  have  not  encountered  gall-stones  in  a  negro 
but  once  in  any  of  the  five  hospitals  with  which  I  am  connected,  and  have 
heard  of  but  a  few  cases  in  the  practice  of  colleagues  here  and  elsewhere. 

The  case  referred  to  was  in  a  negro  woman  about  forty  in  my  service 
at  the  Philadelphia  Hospital.  She  had  previously  been  operated  on  at  the 
Jewish  Hospital  for  gall-stones.  It  is  one  of  the  few  instances  of  gall- 
stones recurring  after  operation.  There  was  an  interval  of  four  years 
between  the  two  operations.  At  the  last  operation  a  stone  blocked  the 
cystic  duct. 

There  have  been  several  cases  at  the  Pennsylvania  Hospital,  in  either 
mulattos  or  full  bloods,  and  I  have  also  had  a  few  cases  reported  to  me 
by  southern  surgeons.  Therefore  I  am  inclined  to  believe  that  gall-stone 
disease,  while  very  rare  in  the  negro,  does  occur  now  and  then,  and  that 
modem  diagnostic  methods  will  bring  it  to  light  more  often. 

In  a  series  of  cases  kindly  gone  over  for  me  by  Warfield  T.  Longcope,  of 
the  Pennsylvania  Hospital,  I  find  that  there  were  thirty-one  cases  of 
gall-stone  disease  in  1050  autopsies.  Of  this  number  fifteen  were  males; 
sixteen  females.    There  were: 

Under  thirty  years  of  age 1  case 

From  thirty  to  forty  years 5  cases 

"       forty-one  to  fifty  years 14     " 

"       fifty-one  to  sixty  years 6     " 

"       sixty-one  to  seventy  years 4     " 

Over  seventy  years 1     " 

Sex. — Gall-stones  occur  far  more  frequently  in  women  than  in  men. 
This  is  readily  understood,  since  a  sedentary  life  and  tight  lacing  are 
recognized  as  probable  etiologic  factors.  This  is  also  to  be  explained  by 
the  fact  that  women  are  more  predisposed  to  stomach,  liver,  and  bowel 
troubles,  especially  constipation,  and  infection  of  the  gall-bladder  and 
ducts  is,  therefore,  more  likely  to  occur. 

Age. — ^The  predisposing  factors  in  the  etiology  of  gall-stone  disease 
are  concomitant  with  middle  and  old  age.  People  under  thirty  rarely 
suffer,  yet  a  reasonable  number  between  twenty  and  thirty  and  a  few 
under  twenty  have  been  reported  to  me  by  W.  J.  Mayo  and  W.  H.  Wathen. 
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The  following  table,  appropriated  from  Moynihan's  monograph  on 
the  subject,  was  compiled  by  Schroeder,  from  a  series  of  post-mortem 
examinations: 


Age  of  Patients. 

NUMBfiR   OF 

Post-mortems. 

NniCBER   OP 

Cases  with  Gall- 
stones. 

Percentage  of  Cases 

Examined  in  which 

Gall-stones  were 

Present. 

0to20 

82 
188 
209 
252 
161 
258 

2 
6 
24 
28 
16 
65 

2.4 

21  to  30 

3.2 

31  to  40 

11  5 

41  to  50 

11.1 

51  to  60 

9.9 

60  and  over 

25  2 

In  more  than  9000  autopsies  gall-stones  were  found  by  Naun)ni  in  one 
case  in  every  thirty;  in  persons  past  sixty,  one  in  every  six.  However, 
post-mortem  statistics  are  unsatisfactory  in  settling  the  question  of  age  as 
a  predisposing  factor,  since  it  is  impossible  to  tell  from  such  statistics  the 
age  at  which  symptoms  first  manifested  themselves.  In  the  experience 
of  the  Mayos,  Moynihan,  Mayo  Robson,  and  Murphy,  all  of  whom  are 
doing  at  the  present  time  a  large  amount  of  gall-bladder  surgery,  the  average 
age  of  the  patient  was  approximately  forty-five  years,  and  according  to 
Moynihan,  the  average  duration  of  symptoms  was  five  and  a  half  years. 
This  coincides  with  my  own  experience.  Cases  of  gall-stones  in  the  new- 
bom  have  been  reported  by  Lieutaud,  Vallaix,  Still,  and  others. 

Vesical  Calculus. — Race. — The  negro  is  less  immune  to  this  afifec- 
tion  than  has  hitherto  been  believed  by  many  surgeons.  It  occurs 
once  in  every  11,732  whites  and  once  in  every  55,305  blacks.  It  will  be 
seen,  therefore,  that  this  affection  is  nearly  five  times  as  frequently  seen 
in  whites  as  in  blacks.  However,  stone  in  the  bladder  occurs  everywhere, 
affecting  every  race,  but  undoubtedly  is  found  in  some  countries  more 
frequently  than  in  others.  In  North  America  it  is  foimd  most  frequently 
in  Kentucky,  Tennessee,  Ohio,  Missouri,  North  and  South  Carolina, 
Virginia,  and  Georgia.  It  would  seem  that  New  England  is  relatively 
exempt,  as  are  also  Mississippi,  Alabama,  Arkansas,  Louisiana,  and  a  few 
other  Southern  States.  Stone  is  common  in  France,  Austria,  Hungary, 
and  Russia,  while  it  is  but  seldom  seen  in  Spain  and  Switzerland.  It  is 
also  frequently  seen  in  England,  but  less  so  in  Ireland.  It  is  very  common 
in  India.  According  to  Gudgeon,  of  Pekin,  gravel  and  calculus  are 
among  the  rarest  of  affections  in  China.  Stones,  however,  are  common 
enough  at  Canton,  but  are  of  infrequent  occurrence  at  other  points. 
This  is  hai-d  to  explain,  as  Gudgeon  states  that  the  drinking-water  and 
habits  of  life  are  the  same  here  as  at  other  places.  It  has  been  suggested 
that  opium-eating  had  some  influence  in  lessening  the  liability  of  the 
Chinese  as  a  race  to  stone.  Certainly  it  is  not  the  drinking  of  limestone 
water,  as  river-water  is  universally  drunk  and  very  generally  boiled  be- 
fore drinking.     Little  cold  water  is  drunk  in  China. 

From  the  statistics  furnished  me  by  my  surgical  friends  in  the  medical 
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corps  of  the  United  States  army,  I  judge  that  vesical  calculi  are  also  of 
uncommon  occurrence  in  the  North  American  Indian,  and  the  few  cases 
reported  may  be  generally  traced  to  traumatism,  a  nucleus  in  the  bladder 
inviting  the  deposition  of  solid  constituents  of  the  urine  around  it.  A 
sufficient  number  of  cases  have  been  reported  in  Mexicans  to  lead  me  to 
think  that  these  people  are  perhaps  more  frequently  affected  than  other 
dark-skinned  races  of  North  America. 

Sex. — In  a  series  of  cases  collected  by  George  Ben  Johnston,  of  Rich- 
mond, Va.,  sex  was  specified  in  708  cases,  there  being  691  in  males  and  97 
in  females,  the  entire  series  comprising  1068  cases.  Thus  it  will  be  seen 
that,  judging  from  this  series,  vesical  calculus  is  about  seven  times  as 
common  in  men  as  in  women. 

Age. — Gross  analyzed  6042  cases  of  urinary  calculi  with  reference  to 
age  and  found  that: 

2334  occurred  from  first  to  tenth  year 

1079  "  "  tenth  to  twentieth  year 

513  "  "  twentieth  to  thirtieth  year 

353  "  "  thirtieth  to  fortieth  year 

422  "  "  fortieth  to  fiftieth  year 

536  "  "  fiftieth  to  sixtieth  year 

587  "  "  sixtieth  to  seventieth  year 

201  "  "  seventieth  to  eightieth  year 

17  "  "  eightieth  to  ninetieth  year 

From  this  table  it  will  be  seen  that  more  than  one-half  of  the  cases 
occurred  within  the  first  two  decades  of  life,  and  that  the  first  decade 
furnishes  more  than  double  as  many  cases  as  the  second;  the  latter  more 
than  double  the  number  of  cases  of  the  third.  This  ratio  is  maintained 
until  the  sixth  decade,  when  an  increase  is  noted.  This  increase  becomes 
still  further  altered  in  the  seventh  decade.  When  it  is  considered  that 
there  are  fewer  persons  living  in  the  seventh  decade  than  in  the  first 
and  second,  the  ratio  for  both  extremes  of  life  is  about  the  same. 

Stone  in  the  Kidney. — What  has  been  said  of  vesical  calculi 
will  prove  true  of  stones  in  the  kidney.  These  are  of  more  common 
occurrence  in  the  two  extremes  of  life.  Males  suffer  about  twice  as  often 
as  females,  and  some  would  make  the  disproportion  greater,  viz.,  3  to  1. 
On  the  other  hand,  there  are  some  excellent  authorities,  such  as  Duplay 
and  Reclus,  and  others,  who  consider  the  two  sexes  equally  liable. 
However,  it  would  seem  to  me  that  the  disproportion  which  exists  be- 
tween the  two  sexes  in  vesical  calculi  does  not  obtain  in  the  renal  variety 
for  obvious  anatomic  reasons.  The  short  capacious  urethra  of  the  female 
usually  allows  gravel  to  pass,  while  in  the  male  they  remain  in  the  bladder 
and  act  as  a  nucleus  for  future  stones. 

Varicose  Veins. — Age. — Varicose  veins  of  the  limbs  being  de- 
pendent upon  poor  circulatory  support,  are  rarely  seen  in  persons  under 
thirty. 

Race. — Varices  are  infrequently  encountered  in  negroes,  Indians, 
Mexicans,  and  Chinese.    They  are  frequent  in  whites. 

Of  twenty-three  cases  of  varicose  veins  of  the  leg  without  ulcer  there 
was  but  a  single  case  in  the  negro.     This  case  was  in  a  male  aged  forty- 
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four.  Of  twenty-nine  patients  with  varicose  ulcers,  there  was  only  one 
negro,  a  man  of  fifty-three. 

Sex. — Varicose  veins  are  naturally  more  commonly  seen  in  men  than 
in  women,  because  of  the  differences  in  occupation  and  the  greater  liabil- 
ity of  men  to  such  predisposing  causes  as  alcoholism,  cirrhosis  of  the  liver, 
and  diseases  of  the  circulatory  apparatus.  In  forty-five  cases  seen  by  me, 
thirty-two  were  males  and  thirteen  females. 

Varicocele. — Race. — I  have  operated  upon  one  well-marked  case 
of  varicocele  in  a  negro  boy  since  coming  to  Philadelphia  in  1898. 
During  my  entire  experience  in  Louisville,  I  never  knew  it  to  occur, 
either  in  my  own  practice  or  in  that  of  any  other  Louisville  surgeon. 
The  fact  that  it  does  occur  so  very  rarely  in  the  negro  has  always  been 
interesting  to  me  and  has  led  me  to  make  a  careful  investigation  into  the 
subject. 

I  collected  600  cases  of  varicocele  operated  upon  in  Louisville  and  found 
not  a  single  instance  in  the  negro.  In  reply  to  a  circular  letter  sent  out 
at  the  same  date,  the  late  John  P.  Bryson,  of  St.  Louis,  assured  me  that 
he  had  "no  record  or  menwry  of  such  a  case  occurring  in  the  negro." 
Others*  as  the  late  Hunter  McGuire,  of  Richmond,  Va.,  J.  William  White, 
of  Philadelphia,  Tiffany,  of  Baltimore,  Bull  and  Coley,  of  New  York, 
expressed  themselves  similarly. 

The  reasons  for  this  apparent  immunity  to  varicocele  in  the  negro 
seem  to  lie  in  the  following  facts:  first,  that  the  negro  begins  sexual  life 
at  puberty;  and,  secondly,  that  his  scrotum  is  close-fitting,  thus  afifording 
better  support  to  the  testes,  keeping  them  higher  and  consequently  pre- 
venting traction  upon  the  veins  of  the  pampiniform  plexus,  thus  rendering 
them  less  liable  to  dilatation. 

Various  army  surgeons  have  told  me  that  varicocele  is  very  uncommon 
among  Indians.  I  should  think  that  this  would  follow  for  the  same 
reasons  as  given  for  the  negro. 

Age. — Varicosity  of  the  pampiniform  plexus  with  its  attendant  vague 
discomfort  belongs  essentially  to  that  period  of  life  which  follows  pub- 
erty and  precedes  marriage ;  namely,  adolescence.  It  is  rarely  encountered 
after  twenty-five  and  seems  to  disappear  in  those  whose  sexual  life  is 
established.  Between  the  ages  of  fifteen  and  twenty-five,  therefore, 
it  is  exceedingly  common.  In  considerably  more  than  five  hundred 
patients  upon  whom  I  have  operated  for  this  trouble,  I  have  found  the 
above  statements  correct.  The  oldest  patient  that  I  ever  had  was  a 
married  man  fifty-seven  years  of  age.  This  was  a  very  well-marked 
case  in  which  the  pampiniform  plexus  was  very  large  and  the  symptoms 
so  troublesome  as  to  incapacitate  the  patient  for  work.  The  pressure 
in  the  groin  was  distressing,  pain  in  the  back  was  constant,  and  the  at- 
tendant neurasthenia  pronounced.    Operation  effected  prompt  relief. 

Enlarged  Prostate. — Race. — Simple  hypertrophy  of  the  prostate  is 
rarely  seen  in  the  negro.  At  the  time  of  my  former  paper  on  the  subject  of 
''Influenceof  Age,  Sex,  and  Race  in  Surgical  Affections,"  I  found  that  in 
the  experience  of  such  men  as  the  late  Hunter  McGuire,  of  Richmond, 
John  P.  Bryson,  of  St.  Louis,  and  many  others,  including  colleagues  with 
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whom  I  was  associated  in  Louisville,  as  Grant,  Roberts,  Vance,  Cartledge, 
and  Samuel,  all  of  whom  have  had  a  large  practice  among  the  colored  race, 
enlarged  prostate  was  infrequently  found  among  the  negro  population  of 
our  hospitals.  H.  H.  Mudd,  of  St.  Louis,  reported  a  case  of  h3rpertrophy  of 
the  prostate  in  a  colored  man  twenty-seven  years  of  age,  which,  however, 
later  proved  to  be  sarcoma,  and,  therefore,  cannot  be  included  under 
this  heading.  Recent  information  from  Young,  Bloodgood,  J.  R.  Wathen, 
Abell,  and  other  southern  surgeons  indicates,  however,  that  in  these  days 
of  frequent  prostatectomies  the  negro  is  furnishing  a  very  small  pro- 
portion of  the  cases. 

My  own  experience  leads  me  to  believe  that  h3rpertrophy  of  the  pros- 
tate is  common  enough  as  a  senescent  change  in  whites  over  fifty,  but  as  I 
have  rarely  seen  an  instance  of  the  disease  in  the  colored  race,  I  should 
think,  with  those  whom  I  have  quoted,  that  the  negro  enjoys  a  relative 
immunity  to  this  affection.  I  am  unable  to  say  whether  enlarged  prostate 
is  of  common  occurrence  in  such  races  as  the  Chinese,  Japanese,  and  other 
dark-skinned  races,  but  believe  it  to  be  a  rare  occurrence  in  the  North 
American  Indian. 

Age. — Hypertrophy  of  the  prostate  is  essentially  an  affection  of  advanc- 
ing years.  It  rarely  occurs  under  fifty,  being  quite  conmion  after  that 
until  the  seventy-fifth  jrear,  when  it  again  decreases  in  frequency.  Thomp- 
son states  that  34  per  cent,  of  all  men  beyond  fifty  show  enlargement  of  the 
prostate;  16  per  cent,  of  these  suffering  from  mechanical  disturbances 
of  the  urinary  function.  Such  is  also  the  experience  of  Keyes,  White 
and  Martin,  and  others. 

Ovarian  Growths. — Ovarian  growths  occur,  as  far  as  I  know,  at 
all  ages  and  in  all  races.  The  more  usual  variety,  of  course,  is  cystic 
in  character,  either  simple  or  dermoid,  and  both  may  be  congenital  and 
only  await  the  stimulation  which  puberty  brings  to  awaken  them  into 
renewed  life. 

Race. — As  I  have  said,  ovarian  growths  are  exceedingly  common 
and  occur  in  all  races.  Much  has  been  written  as  to  the  immunity  of 
negroes  to  this  type  of  tumor.  That  it  is  not  borne  out  by  operative  ex- 
perience and  post-mortem  statistics,  I  was  able  to  show  in  a  former  paper 
on  the  subject. 

Authentic  records  show  that  approximately  there  are  one-third  as 
many  deaths  from  ovarian  tumors  in  the  colored  race  as  in  the  white. 
This  shows  a  percentage  against  the  negro,  since  these  records  were  taken 
from  a  city  in  which  the  population  was  one  colored  to  four  whites. 
Despite  these  statistics,  ovarian  git>wths  are  unquestionably  less  common 
in  the  negro,  and  the  heavier  mortality  with  them  is  explained  by  the 
fact  that  they  are  poorer  surgical  subjects,  and,  as  a  rule,  have  Icvss  skilled 
abdominal  surgeons  to  attend  them.  Ovarian  disease  of  all  kinds  is 
relatively  on  the  increase  at  the  present  time  in  the  colored  race. 

Authentic  records  do  not  lack  for  instances  of  operations  done  for 
simple  and  dermoid  cysts  in  children.  However,  notwithstanding  this 
fact,  we  may  say  that  ovarian  growths  in  both  extremes  of  life  are  com- 
paratively rare.    To  quote  several  instances  of  extreme  ages  at  which  ova- 
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nan  cysts  have  occurred,  we  may  say  that  d'Arcy  Power,  of  the  Victoria 
Hospital,  operated  upon  an  infant  four  months  old,  removing  an  ovarian 
cyst  containing  fifty-nine  ounces  of  fluid.  Many  others,  as  Hoffman, 
Bush,  de  Santa  Ana,  Schwartz,  Barker,  Rein,  Thornton,  Lucas,  Hay- 
maker, Cuplees,  and  Chenowerth  have  also  reported  cases  under  seven 
and  one-half  years.  Sir  Spencer  Wells,  whose  operative  experience  in  the 
pioneer  days  of  ovariotomy  was  extremely  large,  reports  operations  in 
children  under  ten  years  of  age.  As  has  been  said,  ovarian  growths 
also  occur  in  the  other  extreme  of  life,  cases  having  been  reported  at 
the  ages  of  eighty,  eighty-one,  and  eighty-two.  No  doubt  many  more 
cases  could  be  found  in  a  more  thorough  search  of  the  literature,  but  these 
are  sufficient  to  prove  the  point  in  question.  However,  by  far  the  greater 
number  of  ovarian  growths,  solid  and  cystic,  occur  between  the  ages  of 
twenty  and  forty.  The  solid  varieties  of  these  tumors  have  usually  proved 
to  be  either  sarcomata  or  malignant  papillomata;  the  latter  may  often 
be  cystic. 

Ovarian  cysts  may  attain  enormous  size,  the  largest  one  to  my  knowl- 
edge having  been  reported  by  Cartledge,  of  Louisville;  it  weighed  245 
pounds.  Other  enormous  cysts  have  been  reported  by  Keen,  of  Phila- 
delphia, and  others. 

Malignant  disease — sarcomata  and  malignant  papillomata — ^may 
occur  in  the  ovary.  Sarcomata  are  found  much  more  frequently  before 
puberty  than  afterward.  Twenty-five  per  cent,  of  the  patients  having 
sarcoma  of  the  ovary  die  from  any  surgical  interference  and  nearly  all 
within  a  year  after  the  beginning  of  the  disease.  Malignant  papillomata 
conforming  to  the  epithelial  type  of  tumor  occur  more  frequently  in 
advanced  life. 

Rectal  Diseases. — Race. — Here  again  the  colored  race  is  more 
fortunate  than  the  white.  In  a  series  of  cases  I  found  that  for  one  negro 
affected  with  any  disease  of  the  rectum,  there  were  six  whites.  Hemor- 
rhoids are  said  to  be  rare  among  the  North  American  Indians;  VanBuren 
and  Winter  furnishing  authority  for  this  statement.  Rectal  diseases  are 
reported  to  be  common  with  the  Mexicans,  supposed  to  be  due  to  the  free 
use  of  meschal.  Jews  also  are  frequently  affected  by  diseases  of  the 
rectum.  Many  surgeons  connected  with  hospitals  having  largely  a  He- 
brew population  write  me  that  rectal  affections  are  exceedingly  common 
in  this  race.  Gerster,  of  New  York,  for  many  years  surgeon  to  Mt.  Sinai 
Hospital,  where  the  patients  are  mostly  Hebrews,  tells  me  that  rectal 
diseases  are  unusually  common  in  this  race. 

There  is  one  exception  to  be  made  to  the  statement  that  negroes 
suffer  less  frequently  from  diseases  of  the  rectum  than  the  whites,  namely, 
fistula  in  ano.  It  would  seem  that  this  occurs  about  as  often  in  blacks 
as  in  whites,  and  most  frequently  of  all  in  the  mulatto.  The  liabiUty 
of  the  negro  to  tuberculosis  often  finding  expression  in  an  ischiorectal 
abscess,  explains  the  more  frequent  occurrences  of  fistula  than  other 
diseases  of  the  rectum  in  this  race.  Fistula  seems  also  to  be  more  fatal 
in  the  colored  race,  there  having  been  nearly  twice  as  many  deaths  occur- 
ring in  negroes  as  in  whites  in  a  population  in  which  the  negro  is  as  1  to  4. 
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This  would  indicate  fistula  in  the  negro  to  be  about  eight  times  as  fatal  as 
in  the  white. 

It  should  also  be  remembered  that  both  the  full-blood  and  mulatto 
are  more  impressionable  to  pyogenic  organisms  and  sepsis  in  general 
than  the  whites.  This  fact  and  their  well-known  indifference  to  all  laws 
of  hygiene  and  cleanliness,  together  with  their  greater  liability  to  local 
tuberculosis,  fully  explains  their  heavy  mortality  from  fistula.  Ischio- 
rectal abscess  is  probably  more  frequently  than  not  tuberculous. 

Sex. — That  sex  has  an  influence  is  indicated  by  a  large  number  of 
cases  collected  by  me,  in  which  the  ratio  was  3  males  to  1  female. 

Age. — Although  children  frequently  suffer  from  prolapsus  ani  and 
pol3^i,  they  rarely  suffer  from  other  rectal  affections.  Elderly  persons  also 
seem  to  enjoy  a  relative  immunity,  although  they  suffer  more  frequently 
from  rectal  carcinoma,  which,  however,  is,  comparatively  speaking,  a 
rare  disease.  The  ordinary  affections  in  this  region,  such  as  hemorrhoids, 
ischiorectal  abscesses,  fistulas,  and  fissures  are  most  prone  to  occur  during 
middle  life.  Few  people  suffer  from  hemorrhoids  under  the  age  of  twenty. 
Although  fistulas  and  fissures  may  be  more  frequently  seen  in  young 
adults  than  hemorrhoids,  even  they  are  more  common  in  middle  life. 

Surgical  Tuberculosis.— Of  all  of  the  diseases  to  which  the  negro 
and  North  American  Indian  have  fallen  heir,  tuberculosis  in  all  of  its 
forms  has  proved  the  most  fatal.  It  is  more  than  twice  as  frequently 
seen  in  the  negro  as  in  the  white,  and  I  may  say  with  safety  is  still  more 
prevalent  in  the  Indian,  the  latter  race  suffering  directly  in  proportion 
as  they  give  up  their  tepee  life  and  live  in  poorly  ventilated  huts.  This 
is  to  be  expected  from  a  germ  disease.  Both  negroes  and  Indians  are 
notoriously  unhygienic,  many  individuals  living  in  one  room,  oftentimes 
where  the  cooking  is  also  done  and  the  floor  is  freely  spat  upon. 

This  is  true  not  only  of  pulmonary  tuberculosis,  but  also  of  surgical 
tuberculosis.  I  have  been  informed  by  reliable  observers  in  the  medical 
corps  of  the  Army  and  Indian  Departments  that  an  enormous  percentage 
of  Indian  boys  and  girls  develop  one  or  more  varieties  of  surgical  tuber- 
culosis as  they  give  up  their  outdoor  life  for  the  school-room.  Mexicans 
have  also  become  as  susceptible  to  surgical  tuberculosis  as  the  Indian. 
I  believe  that  surgical  tuberculosis  occurs  in  all  other  races. 

Age, — Surgical  tuberculosis  is  pre-eminently  a  disease  of  the  very 
young.  The  first  decennium  will  furnish  the  majority  of  cases;  the 
second  decennium  about  one-fourth  of  the  total  number,  and  the  re- 
mainder will  occur  after  twenty. 

Sex  has  no  influence. 

Neoplasms. — Perhaps  the  greatest  difference  to  be  found  between 
the  white  and  black  race  is  in  their  relative  tendency  to  tumors  in  general. 
While  the  difference  obtaining  so  far  as  special  organs  are  concerned  will 
be  taken  up  later  on  under  the  proper  headings,  we  may  say  in  general 
that  there  are  certain  differences  so  marked  and  characteristic  as  to  have 
been  noted  by  medical  and  lay  observers  from  the  beginning  of  authentic 
history  concerning  the  two  races. 

Benign  Neoplasms. — Race. — There  are  many  benign  tumors  to  which 
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the  negro  is  more  prone  than  the  white  man.  It  is  a  well-known  fact 
that  fibromata,  lipomata,  and  keloids  are  much  more  common  in  the  negro 
and  the  mulatto  than  in  the  Caucasian.  MoUuscum  fibrosum  was  at 
one  time  thought  to  be  an  affection  peculiar  to  the  tropical  negro.  This 
is  far  from  true,  as  the  affection  is  occasionally  encountered  in  all  parts 
of  North  America,  though  it  is,  perhaps,  less  common  in  northern  lati- 
tudes and  in  white  races.  I  have  seen  many  cases  in  the  whites  and  I  am 
certain  that  it  is  more  common  with  them  than  was  formerly  believed. 
The  cases  that  I  have  seen  in  whites  have  been  striking  instances  of  this 
disease,  and  nearly  all  were  in  males  past  forty.  Strangely  enough,  I  will 
say  that  I  have  seen  this  disease  more  often  in  the  whit«  than  in  the  black. 

The  tendency  to  keloidal  formations  in  the  black  race  has  been  re- 
marked upon  and  emphasized  by  all  who  have  written  on  the  subject. 
In  many  of  them  the  slightest  scratch  will  be  followed  by  an  ugly  scar. 
It  is  a  very  common  thing  to  find  negresses  with  tumors  on  the  lobules 
of  the  ear,  occasioned  by  piercing  the  ears  and  wearing  ear-rings.  In  fact, 
the  keloidal  tendency  nearly  always  begins  in  a  cicatrix  following  surgical 
operations  and  at  the  point  of  needle  punctures.  I  called  attention  to 
this  fact  twenty  years  ago  and  advised  skin-grafting  rather  than  closing 
the  wound  by  sutures  in  cases  manifesting  a  pronounced  tendency  to 
keloidal  formations.  I  do  not  assert  that  it  will  prevent,  but  it  certainly 
will  lessen,  the  probability  of  recurrence  in  case  extirpation  is  decided  upon. 
It  is  questionable,  however,  if  keloids  should  be  operated  on  in  young 
subjects,  while  in  the  very  old  operation  is  unnecessary,  as  there  is  a 
tendency  for  them  to  undergo  resolution.  There  is,  I  believe,  no  differ- 
ence in  the  two  sexes  as  respects  liability. 

I  have  also  seen  in  my  practice  many  instances  of  keloids  in  the  whites 
following  minor  operations,  such  as  vaccination. 

Sex. — There  are  no  essential  differences  between  the  two  sexes  so  far 
as  concerns  their  liability  to  most  benign  neoplasms.  The  most  striking 
one  obtains  in  the  case  of  myomata,  which  are  many  times  more  common 
in  women  on  account  of  the  vulnerability  of  the  uterus. 

Of  course,  it  is  well  understood  that  we  are  not  including  cysts,  simple 
or  compound,  congenital  or  acquired.  It  should  be  remembered,  however, 
that  dermoids,  though  of  congenital  origin,  are  stimulated  by  puberty, 
and  may  entirely  escape  notice  up  to  that  period,  and,  therefore,  be  con- 
sidered of  recent  formation. 

Age, — Age  is  a  more  important  predisposing  factor  in  the  etiology  of 
benign  neoplasms  than  is  sex.  The  young,  especially  in  the  first  decen- 
nium,  rarely  suffer  from  benign  tumors,  except  those  of  congenital  origin, 
as  lymphangiomata,  meningocele,  and  other  rare  kinds  of  tumors  origi- 
nating from  congenital  anlage.  Fibromata,  osteomata,  and  chrondromata 
are  rarely  seen  under  twenty,  and  all,  with  the  possible  exception  of 
chondromata,  increase  with  each  decade. 

Malignant  Neoplasms. — From  all  early  records  it  would  appear 
that  both  carcinoma  and  sarcoma  occurred  but  rarely  in  the  negro. 
Furthermore,  this  is  equally  true  of  the  North  American  Indian.  Recent 
statistics,  however,  have  clearly  shown  that  while  the  negro  at  the  present 
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time  is  not  as  susceptible  to  malignant  disease  in  general,  some  of  his  organs 
are  as  vulnerable,  others  more  so,  than  is  the  case  with  the  white  race. 

During  my  residence  in  Kentucky  I  saw  at  the  Louisville  City  Hospital 
a  large  number  of  cases  of  malignant  disease  in  whites  and  blacks  of  both 
sexes.  I  think  it  is  safe  to  say  that  the  negro  is  relatively  somewhat 
more  prone  to  sarcoma  than  to  cancer.  As  a  race  they  are  particularly 
liable,  however,  to  carcinoma  of  the  uterus,  and  from  my  experience 
and  the  statistics  furnished  me  by  various  Southern  surgeons  I  think  that 
they  sufifer  relatively  as  often  from  carcinoma  of  the  breast  as  the  white 
race. 

According  to  the  United  States  Census,  malignant  disease  occurs  in 
every  100,000  living  inhabitants: 

Whites 53.93 

Negroes 36.65 

North  American  Indians 5.31 

Chinese  a  little  less  liable  than  Indians.  * 

To  every  1000  deaths  from  known  causes  in  the  United  States  in 
persons  over  forty-five  years  of  age,  there  were  due  to  cancer  and  tumor: 

Whites 62.86 

Negroes 29.81 

North  American  Indians 14.49 

Chinese 12.99 

Without  a  doubt  cancer  in  all  races  and  both  sexes  is  decidedly  on  the 
increase.  It  has  been  stated  that  cancer  is  relatively  less  frequent  in 
Hebrews,  but  I  believe  this  statement  to  be  erroneous.  It  is  certainly 
not  borne  out  by  clinical  experience  in  the  United  States.  Out  of  219 
cases  of  cancer  treated  in  the  Jewish  Hospital,  Philadelphia,  109  were 
in  Jews.  In  this  hospital  Jews  constitute  less  than  one-half  the  entire 
number  of  patients. 

Cancer  is  rare  in  all  savage  races  and  is  pre-eminently  an  affection 
which  increases  in  frequency  as  they  advance  in  civilization.  Dark- 
skinned  races  apparently  suffer  less  than  the  fair. 

Cancer  is  rare  in  the  Indian,  and  when  it  does  occur,  it  usually  attacks 
the  breast  and  uterus.  Liable  as  the  negro  is  to  carcinoma  of  the  mam- 
mary gland  and  uterus,  other  organs  which  one  would  expect  to  be  most 
obnoxious  suffer  infrequently.  I  might  add  that  carcinomata  of  the 
external  genitalia,  larynx,  and  tongue  are  rare  in  the  negro,  while  rectal 
cancers  are  common. 

Sex, — Malignant  disease  attacks  women  with  greater  frequency  than 
men,  because  of  their  proneness  to  disease  of  the  uterus  and  mammary 
gland,  which  embrace  one-half  of  the  cases  in  this  sex.  That  females 
suffer  more  frequently  from  cancer  has  been  shown  by  W.  Roger  Williams 
and  Snow's  statistics  gathered  from  the  Cancer  Hospital  in  London. 

Age, — Carcinoma  is  a  disease  of  late  life,  as  a  rule.  Up  to  the  twenty- 
fifth  year,  both  sexes  sufifer  with  equal  frequency  from  carcinoma  in 
general.      However,   from   the    twenty-fifth   to    the    fifty-fifth   year, 
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woman  is  nearly  three  times  as  liable  to  malignant  disease,  and  from 
fifty-five  to  ninety  is  about  twice  as  obnoxious  to  it  as  man. 

Gusserow,  who  analyzed  3385  cases  of  uterine  cancer,  found  only  two 
to  have  occurred  before  the  twentieth  year,  while  in  Gross's  series  of 
1622  mammary  cancers,  the  youngest  patient  was  twenty-one.  These 
cases  illustrate  the  heavy  tribute  woman  pays  to  malignant  disease  during 
the  activity  and  evolution  of  the  sexual  organs. 

Infancy  and  childhood  being  practically  exempt  from  all  epithelial 
tumors,  rarely  suffer  from  cancer,  the  youngest  case  on  record  to  my  knowl- 
edge being  one  of  cylindroma  of  the  rectum  in  a  child  aged  eleven. 

Of  1620  deaths  from  malignant  disease  reported  by  the  Louisville 
Board  of  Health,  1413  were  in  whites  and  207  in  colored.  The  normal 
proportion  of  colored  population  to  white  in  Louisville  at  the  time  that 
these  statistics  were  compiled  was  1  to  4,  so  it  may  be  shown  that  the 
mortality  from  cancer  in  general  in  the  colored  population  is  about  50 
per  cent,  of  what  it  is  in  the  white.  These  statistics,  though  compiled  ten 
years  ago,  I  believe  to  be  accurate  today;  moreover,  they  agree  fully 
with  the  statistics  furnished  by  the  Charity  Hospital  in  New  Orleans, 
where  a  large  amount  of  operating  is  done  for  malignant  disease  in  the 
whites  and  negroes  of  both  sexes.  These  statistics  coincide  with  Billings' 
census  report;  the  death-rate  being  53.93  to  every  100,000  living  white 
inhabitants  and  36.65  colored.  All  of  the  above  statistics  quoted  repre- 
sent post-mortem  observations,  and  are,  therefore,  more  accurate  than 
data  based  upon  clinical  observations. 

Special  Forms  of  Carcinoma. — Mammary  Gland. — Though  com- 
monly thought  to  be  rare  in  the  negro  during  the  earlier  periods  of  surgical 
history  in  the  United  States,  mammary  carcinoma  is  relatively  as  common 
in  the  black  as  in  the  white  race.  In  a  rather  large  operative  experience 
for  malignant  disease  of  the  mammary  gland,  I  have  found  relatively 
no  discrepancy  between  the  races.  In  fact,  the  first  case  of  cancer  of  the 
breast  I  ever  saw  was  in  a  negress  about  forty  years  of  age.  She  died 
from  recurrence  after  operation,  which,  of  course,  confirmed  the  clinical 
diagnosis.  I  have  since  seen  many  cases  of  carcinoma  of  the  breast  in  the 
negro. 

There  were  839  cases  of  cancer  of  the  breast  reported  in  the  eleventh 
census — ^811  females,  28  males.  One  occurred  under  fifteen  years  of  age; 
163  between  fifteen  and  forty-five;  and  670  at  and  over  forty-five. 
Rate  of  death  to  100,000  inhabitants:  females,  823;  males,  0.29.  Age 
forty-five  to  sixty-five,  30.08;  sixty-five  and  over,  50.  Death-rate  practi- 
cally the  same  in  white  and  colored,  being  4.27  in  the  former  and  4.19  in 
the  latter. 

The  early  writings  on  the  subject -of  mammary  carcinoma  prove  that 
it  was  a  very  rare  occurrence  in  the  Indian.  It  occurs,  according  to 
W.  Roger  Williams,  quite  often  in  Chinese.  He  quotes  Cantlie,  and  states 
that  of  one  hundred  and  fourteen  cases  of  carcinoma  affecting  Chinese, 
thirty-eight  were  mammary;  and  also  that  eleven  out  of  thirty  operations 
for  malignant  disease  performed  in  one  year  at  Kerr's  hospital  in  Canton 
were  for  neoplasms  of  the  breast. 
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Age. — Carcinoma  of  the  breast  occurs  more  frequently  under  thirty 
yeai's  of  age  than  has  been  believed.  In  my  recent  work  on  the  subject 
I  have  stated  that  11  per  cent,  of  all  cases  occur  between  twenty  and 
thirty  years  of  age;  between  the  ages  of  thirty  and  forty,  12.5  per  cent.; 
between  the  ages  of  forty  and  fifty,  27  per  cent.;  between  the  ages  of 
fifty  and  sixty,  28  per  cent.,  and  21.5  per  cent,  occur  after  sixty.  So  it 
would  be  safe  to  say  that  carcinoma  of  the  breast  is  a  disease  affecting 
people  that  have,  as  a  rule,  passed  middle  life. 

Sex. — Not  more  than  1  per  cent,  of  all  cases  of  carcinoma  in  this 
location  occurs  in  men.  Out  of  1460  cases  of  mammary  carcinoma 
studied  by  Keyser,  only  ten  affected  the  male  breast.  Of  three  hundred 
and  seven  cases  treated  at  the  Johns  Hopkins  Hospital,  Warfield  states 
that  only  three  were  in  men. 

Farantino  found  only  one  case  in  228  and  Sick  found  only  two  in  616. 
These  figures  do  not  show  such  a  high  percentage  among  men  as  those 
of  some  other  authors;  for  instance,  Billroth  stated  the  percentage  to  be 
2.82. 

Carcinoma  of  the  Uterus. — Carcinoma  in  this  location  is  undoubtedly 
more  common  in  the  colored  race.  According  to  the  eleventh  census, 
there  were  1472  cases  reported.  The  death-rate  was  24.94  per  cent,  in  the 
negro  and  14.41  per  cent,  in  the  white  race. 

The  following  table  shows  the  death-rate  of  100,1)00  during  the  census 
period  at  ail  ages: 


Total 

White 

Native-born . 
Foreign-bom 
Colored 


All  Ages. 


15  TO  45 
Years. 


14.93 
14.41 
10.98 
22.92 
24.94 


9.32 

8.79 

7.51 

11.98 

18.82 


45  TO  65 
Years. 


54.01 
52.29 
51.71 
50.79 
94.59 


65  Years 
AND  Over. 


45.91 
44.36 
43.71 
41.77 
88.36 


Other  authentic  records  show  cancer  of  the  uterus  to  be  more  common 
in  the  black  race.  Further  statistics  compiled  by  me  when  living  in 
Louisville  show  that  during  a  period  of  twenty  years  there  were  two  hun- 
dred and  seventy-two  deaths  from  cancer  of  the  uterus  reported  to  the 
Board  of  Health.  Of  this  number,  two  hundred  and  sixteen  were  white 
and  fifty-six  colored,  and  as  at  that  time  the  normal  population  was  in  the 
ratio  of  1  black  to  4  whites,  this  shows  a  percentage  against  the  negro. 

Cancer  of  the  Penis. — I  have  never  seen  cancer  of  the  penis  in  the  black 
race,  but  know  of  an  undoubted  case  operated  on  in  this  city.  This 
patient,  an  elderly  subject,  was  operated  on  last  year  at  the  Pennsylvania 
Hospital.  Bloodgood  states  that  he  has  seen  two  cases.  Payne  and 
J.  R,  Wathen  have  also  each  had  one  case,  the  latter  having  sent  me  the 
removed  specimen.  It  cannot  be  questioned.  I  know  of  several  cases 
which  were  diagnosticated  as  cancer,  and  one  of  them  even  depicted  as 
such  in  text-books,  which  were  subsequently  shown  to  be  either  syphilis 
or  tuberculosis. 
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Cancer  of  the  Stomach, — Gastric  carcinoma  is  rarer  in  negroes  than  in 
whites.  Osier,  who  has  studied  the  subject  carefully,  gives  its  incidence 
as  6  whites  to  1  negro. 

Sex, — Men  are  more  commonly  affected  than  women.  Of  1500  cases 
collected  from  various  sources,  986  were  in  males  and  514  in  females. 
Post-mortem  statistics  from  Kiel  showed  more  than  three-fourths  of  all 
cases  to  have  been  in  the  male  sex. 

Age, — Cancer  of  the  stomach  is  most  common  between  the  ages  of 
forty  and  sixty.  Of  1600  cases  which  I  recently  had  collected  from  various 
sources,  35  per  cent,  occurred  between  the  ages  of  forty  and  fifty  and  33 
per  cent,  between  the  ages  of  fifty  and  sixty.  Young  persons,  however, 
are  not  immune.  De  la  Camp  has  reported  three  cases  in  patients  aged 
fourteen,  sixteen,  and  eighteen  years  respectively.  In  an  analysis  of 
9906  cases  he  found  that  nineteen  patients  under  nineteen  years  of  age 
were  affected. 

Sarcoma. — I  have  been  unable  to  find  statistics  bearing  upon  the 
frequency  of  sarcoma  in  any  particular  race.  I  believe,  however, 
from  my  own  clinical  experience,  that  this  form  of  malignant  disease 
occurs  relatively  more  frequently  in  the  colored  race  than  in  the  white; 
probably  because  as  a  class  they  are  laboring  people  and  more  liable  to 
injury.  Coley,  whose  experience  with  sarcomata  has  been  very  large, 
dilates  upon  and  emphasizes  the  fact  that  this  class  of  tumors  is  apt  to 
follow  an  injury.  He  believes  that  the  micro-parasitic  theory  bears  more 
weight  than  any  of  the  many  others  advanced  to  explain  the  origin  of 
sarcomata.  Especially  is  an  injury  to  any  of  the  long  bones  apt  to  be 
followed  by  sarcoma,  as  shown  by  his  statistics.  Of  a  series  of  630  cases 
observed  by  Coley  from  1890  to  date,  234  cases,  or  a  percentage  of  37, 
originated  in  bonus.  Of  the  long  bones,  the  femur  and  tibia  are  most 
frequently  affected. 

Agre.--Sarcoma  affects  by  preference  the  two  extremes  of  life,  though 
it  may  occur  at  any  age.  The  majority  of  tumors  seen  in  childhood — 
during  the  first  decennium  of  life — are  sarcomata,  since  at  this  time 
benign  neoplasms,  as  well  as  carcinomata,  rarely  occur.  In  fact,  sarco- 
mata are  often  congenital,  and  such  instances  in  which  the  eye,  kidney, 
testis,  and  prostate  were  thus  affected  have  been  frequently  met  with. 
Duzan  analyzed  one  hundred  and  eighty-two  cases  of  sarcoma  in  infancy, 
and  found  seventy  of  the  eye,  forty-five  of  the  kidney,  eleven  of  the  testi- 
cle, eight  of  the  prostate,  while  the  bones,  tongue,  abdomen,  and  brain 
were  affected  five  times  each;  the  lung  and  dura  mater,  four  times; 
pancreas,  three;  liver,  tonsil,  rectum,  two  each;  stomach,  one. 

After  the  tenth  year,  sarcoma  of  the  long  bones  becomes  more  fre- 
quent, and  between  the  thirtieth  and  fortieth  years  some  of  them,  such 
as  the  femur,  tibia,  and  humerus,  exhibit  their  greatest  liabiUty  to  sarco- 
matous change.  Coley,  in  his  latest  paper  on  sarcoma  of  bones,  quoted 
before,  states  that  thirty-nine  out  of  seventy-two  cases  of  sarcoma  of 
long  bones  occurred  in  the  femur,  that  the  ages  ranged  from  one  and  one- 
half  to  fifty-eight  years,  that  eighteen  of  the  patients  were  females. 
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Sarcoma  is  rather  uncommon  after  forty  and  remains  so  until  sixty, 
when  it  again  is  seen  to  increase  in  frequency  as  a  senescent  change. 

The  following  tables  were  compiled  by  W.  Roger  Williams  and  were 
taken  from  his  work  on  '^  Malignant  Tumors  in  Infancy,  Childhood,  and 
Youth": 

Table  1. — Showino  the  Deaths  due  to  Malignant  Diseases  at  Different 

Age  Periods: 

Age  Males  Females 

Under  one  year 8  7 

One  to  two  years 6  6 

Two  to  three  years 6  6 

Three  to  four  years 6  6 

Four  to  five  years 5  6 

Five  to  ten  years 18  15 

Ten  to  fifteen  years 18  18 

Fifteen  to  twenty  years 33  26 

Twenty  to  twenty-five  years 50  41 

Twenty-five  to  thirty-five  years 145  321 

Thirty-five  to  forty-five  years 426  1,313 

Forty-five  to  fifty-five  years 1,095  2,464 

Fifty-five  to  sixty-five  years 1,727  2,922 

Sixty-five  to  seventy-five  years 1,555  2,330 

Seventy-five  to  eighty-five  years 591  910 

Over  eighty-five  years 65  101 

All  ages 5,754  10,491 

Total  under  five  years:    Males,  31;  females,  31. 

Total  both  sexes,  16,243. 

Table  2. — Showing  the  Number  of  Deaths  from  Malignant  Disease  in  Early 
Life  per  Million  at  Each  Age  Period: 

1861-70 

Under  five  years 13 

Five  to  ten  years 7 

Ten  to  fifteen  years 7 

Fifteen  to  twenty-years 7 

Twenty  to  twenty-five  years 17 

All  ages 384 

Sex, — During  eariy  life,  sarcomata  are  seen  \sith  equal  frequency  in 
both  sexes.  After  the  tenth  year  there  is  a  slight  preponderance  against 
the  male  sex,  probably  due  to  their  greater  liability  to  injury. 

Tetanus. — Race. — I  saw  many  cases  of  tetanus  in  the  newborn 
while  practising  in  the  south,  since  it  is  often  met  with  in  the  negroes 
there.  The  disease  is  more  common  among  the  dark-skinned  races  the 
world  over,  as  the  military  records  of  Spain,  France,  Italy,  and  Japan 
bear  witness.  The  nearer  the  tropics,  the  greater  its  frequency.  The 
explanation  probably  lies  in  the  fact  that  while  the  bacillus  of  Nicolaer 
will  live  in  temperate  and  even  cold  climates,  it  flourishes  the  better  as 
the  tropics  are  reached.  The  Jews,  both  here  and  in  Russia,  are  said 
to  frequently  contract  tetanus.  It  would  seem  that  a  ready  explanation 
lies  in  the  fact  that  circumcision  is  universally  practised  as  a  religious 
rite  by  the  Jewish  priests  or  mohels  who  know  nothing  of  asepsis. 

Sex. — Tetanus  is  more  frequently  seen  in  males  than  in  females, 
not  because  of  any  predisposition  thereto,  but  simply  for  the  reason  that 
they  are  more  exposed  to  injury.    For  instance,  it  is  well  known  that  boys 
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frequently  suffer  from  tetanus  caused  by  toy  pistols  and  other  firearms. 
They  are  more  frequently  the  victims  of  all  kinds  of  accidents  than  girls. 
Age. — This  disease  may  occur  at  any  age,  requiring  only  the  presence 
of  the  bacillus  of  Nicolaer  and  a  wound  for  its  development.  The  major- 
ity of  cases  are  met  with  in  children,  ranging  in  age  from  the  newborn  to 
young  adult  life.  Trismus  neonatorum,  perhaps,  is  the  most  common 
manifestation  of  this  disease  encountered,  and  in  tropical  climates,  where 
uncleanliness  is  the  rule  in  dealing  with  the  stump  of  the  umbilical  cord, 
the  infant  mortality  is  frightful.  Such,  for  example,  is  the  case  among 
the  Sandwich  Islanders.  It  is  also  quite  frequent  in  Jamaica.  Author- 
ities have  stated  that  the  infant  mortality  with  these  people  is  at  times 
as  high  as  50  per  cent.,  the  result  of  trismus  neonatorum  alone. 
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Abdomen,  gunshot  wounds,  1010 
diagnosis,  1012 
treatment,  1012 

without    symptoms    of    visceral 
lesions,  1011 
right  lower  quadrant,  diseases,  and 
appendicitis,  differentiation,  771 
upper  quadrant,  diseases,  and  ap- 
pendicitis, differentiation,  769 
wounds,  by  hand  weapons,    in  war, 
969 
Abdominal  belt  for  inguinal  hernia,  31 

route  in  exposing  kidney,  256 
Ablation  of  lachrymal  gland,  925 
Abscess,  cold,  and  hernia,  differentia- 
tion, 30 
epidural,    complicating  otitis   media, 

843 
hepatic,  complicating  appendicitis,  748 
ischiorectal,  124 

treatment,  125 
lachrymal,  722  ^ 

of  brain  complicating  otitis  media,  844 

treatment,  847 
of  kidney,  224 
of  hver,  tropical,  1109 
causes,  1109 
course,  1113 
diagnosis,  1113 
Manson*s  treatment,  1117 
morbid  anatomy,  1110 
prognosis,  1115 
symptoms,  1111 
treatment,  1115 
of  orbit,  905 

treatment,  905 
of  suprarenal  glands,  270 
perinephritic,  209 

and  appendicitis,  differentiation,  770 
psoas,    and    appendicitis,    differentia- 
tion, 768 
subphrenic,    complicating    appendici- 
tis, 748 
urinary,  507 
Absence  of  anus,  119 
of  bladder,  293 
of  kidney,  199 
of  large  intestine,  119 
of  rectum,  119 
of  suprarenals,  269 
of  testicle,  598 
Absorption    power     of    rectal    mucous 

membrane,  114 
Acetone  in  urine,  180 


Acid,  /?-oxybutyric,  in  urine,  180 

carbolic,  injection,  in  hemorrhoids,  150 

diacetic,  in  urine,  180 
Actinomycosis  of  cecum,  702 

of  kidney,  233 

of  vermiform  appendix,  760 
Adams'  operation  for  ectropion,  918 
Adenitis  and  hernia,  differentiation,  29 
Adenocarcinoma  of  kidney,  244 
Adenoma  of  intestine,  679 

of  rectum  and  anus,  153 

of  suprarenal  glands,  270 
Adhesions  in  appendicitis,  treatment,  790 
Aditus  ad  antrum,  800 
Adrenal  glands,  surgery,  269.     See  also 

Suprarenal  glands. 
Advancement  of  rectus  tendon  in  stra- 
bismus, 898 
After-cataract,   operation    for,    by   dis- 
cission, 873 
Age,  influence  of,  in  surgical  affections, 

1139 
Ainhum,  1135 
Air  cystoscopes,  285 

within    confined    spaces,    changes    in 
density,  symptoms  from,  in  naval 
warfare,  1057 
Air-distention  cystoscopy,  291 
Albarran's    lever    for    elevating    ureter 

catheter,  283 
Albumin  in  urine,  177 
Allingham's  operation  for  hemorrhoids, 
145 

treatment  of  prolapse  of  rectum,  137  • 
Amaurosis,  temporaiy,  in  bvain  tumors, 

941 
Ambulance  company  section,  equipment, 
in  military  surgery,  955 
p)er8onnel,  in  military  surgery,  953 

stations  during  battle,  963 
Amebic  dysentery,  1101 

ulcers  of  anus  and  rectum,  130 
Amputation  of  penis,  490 

or  prolapse  in  prolapse  of  rectum,  139 

of  rectum  for  tumors  of  rectum,  160 
Anal  orifice,  narrowing,  for  prolapse  of 

rectum,  138 
Anastomosis,  intestinal,  715.     See  also 

Intestinal  anastomosis. 
Ancestral  diverticulum,  672 
Andrews'  operation  for  hydrocele,  607 
Anemia  complicating  tropical  surgery, 

1080 
Anemic  gangrene  of  mesentery,  635 
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Anesthesia  in  cystoscopy,  286 

in  operations  in  naval  surgery,  1024 
in  treatment  of  organic  stricture  of 

urethra,  551 
local,  in  hernia  operations,  36 
spinal,  in  operations  in  naval  surgery, 
1024 
Anesthetic  leprosy,  1091 
Anesthetics  in  tropical  surgery.  1084 
Aneurism  from  gunshot  wounas,  980 
influence  of  race,  sex,  and  age  in,  1140 
of  cavernous  bodies  or  dorsal  artery 

of  penis,  479 
of  renal  artery,  247 
varicose,  from  gunshot  wounds,  980 
Aneurismal  varix  from  gunshot  wounds, 

980 
Angioma  of  rectum  and  anus,  154 
Angioneurosis  of  kidney,  239 
Ankle-joint,  gunshot  wounds,  1016 
Anorchism,  598 
Antrum,  mastoid,  799 
Anuria,  calculous,  238 

in  surgical  diseases  of  kidney,  190 
Anus,  absence,  119 
adenoma,  153 
anatomy,  110 
angioma,  154 
artificial,  120 

formation  of,  in  gangrenous  strangu- 
lated hernia,  51 
in  cancer  of  rectum,  159 
closure,  118 
condyloma,  153 
fibroma,  152 
fibromyoma,  154 
fissure,  128 

treatment,  129 
fistula,  125.     See  also  Fistula  in  ano. 
imperforate,  118 
treatment,  120 
with  fecal  fistulas,  119 
lipoma,  154 
malformations,  117 
prognosis,  120 
treatment,  120 
myoma,  154 

narrowing,  congenital,  118 
papilloma,  153 
prolapse,  134 

treatment,  136 
surgery,  110 
tumors,  150 
benign,  152 
connective  tissue,  157 
epithelial  group,  154 
malignant,  154 
treatment,  158 
ulcers,  129.     See  also  Ulcers  of  anus. 
wounds,  122 
Ap>oneurosis  of  Denonvilliers,  375 
Apparatus  major,  365 

minor,  364 
Appendicitis,  727 

and  appendicular  colic,  differentiation, 
769 


Appendicitis  and  calculus  in  ureter,  dif- 
erentiation,  768 

and  cystic  dilation  of  renal  pelvis, 
dififerentiation,  770 

and  Dietl's  crisis,  differentiation,  770 

and  diseases  in  right  lower  quadrant 
of  abdomen,  differentiation,  771 
upper  quadrant  of  abdomen,  dif- 
ferentiation, 769 

and    ectopic    pregnancy,    differentia- 
tion, 772 

and  enteritis,  differentiation,  772 

and  inflammation  of  Meckel's  diver- 
ticulum, differentiation,  769 

and  intestinal  lithiasis,  differentiation, 
769 

and  malignant  disease  of  cecum,  dif- 
ferentiation, 767 

and  movable  kidney,  differentiation, 
770 

and  pancreatitis,  differentiation,  772 

and  perinephritic     abscess,     differen- 
tiation, 770 

and  pneumonia,  differentiation,  772 

and  psoas  abscess,  differentiation,  768 

and  pyelitis,   differentiation,   770 

and  pyloric  ulcer,  differentiation,  771 

and  renal  calculus,  differentiation,  770 

and  rheumatoid  arthritis,  differentia- 
tion, 768 

and  tabes  dorsalis.  differentiation,  768 

and  thrombosis  of  mesenteric  vessels, 
differentiation,  769 
•     and  tuberculosis   of  cecum,   differen- 
tiation, 767 

and  ureteritis,  differentiation,  768 

bacteriology,  738 

calculus  in  appendix  as  cause,  742 

chronic,  773 

classification,  750 

clinical  course,  756 

complicated  with  inguinal  hernia,  To- 
rek's operation,  80 

complications,  post-operative,  780, 790 
pre-operative,  746 

diagnosis,  766 
differential,  767 

etiology,  735 
age,  736 
diet,  737 

intestinal  parasites,  737 
sex,  735 
trauma,  736 

family,  736 

fistula  after  operation  for,  795 

foreign  bodies  in  appendix  as  cause, 
742 

hepatic  abscess  complicating,  748 

hernia  after  operation  for,  793 
methods  of  repair,  794 

history,  727 

ileus  after  operation  for,  790 

in  children,  763 

in  female,  764 

in  pregnancy,  765 

influence  of  race,  sex,  and  age  in,  1142 
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Appendicitis,  intestinal  obstruction  after 
operation  for,  790 
McBumey's  point,  733 
Munro's  point,  733 
pathology,  739 
peritonitis  complicating,  746 
phlebitis  after  operation  for,  792 
pleuritis  complicating,  749 
pylephlebitis  after  operation  for,  792 

complicating,  749 
retroperitoneal  infections  from,  749 
subphrenic  abscess  complicating,  748 
eymptoms,  750 

abdominal  sensitiveness,  752 
facies  abdominalis,  755 
leukocytosis,  753 
nausea  and  vomiting,  751 
pain,  750 
pulse,  753 
temperature,  752 
tumor,  753 
treatment,  intermediate  operation,  790 
non-operative,  781 

Ochsner's  method,  781 
of  adhesions,  790 
operative,  final  results,  778 
immediate  results,  777 
technic,  782 

during  first  forty-eight  hours, 

783 
in    general    suppurative    peri- 
tonitis, 787 
of  proctoclysis,  788 
with  abscess,  786 
time  for,  781 
post-operative,  general,  789 
tuberculous,  761.     See  also  Tubercu- 

Ixms  of  vermiform  appendix. 
typhoid,  760 
diagnosis,  769 
treatment,  760 
vascular  complications,  749 
volvulus  after  operation  for,  790 
Appendicostomy,  700,  720 

in  tropical  dysentery,  1107 
Appendicular  artery,  731 

colic  and  appendicitis,  dififerentiation, 
769 
Appendix,  vermiform,  surgery,  727.   See 

fiuso  Vermiform  appendix. 
Apron  stretcher,  1064 
Aqueductus  Fallopii,  801 
Aqueous  chamber,  855 
Arteries,  hemorrhoidal,  inferior,  111 
middle,  111 
superior.  111 
of  prostate,  376 
of  rectum,  111 
Artery,  dorsal,  of  penis,  aneurism,  479 
ligation,  490 
renal^  aneurism,  247 
Arthritis,  rheumatoid,  and  appendicitis, 

differentiation,  768 
Artificial  anus,  120 

formation,  in  gangrenous  strangu- 
lated hernia,  51 


Artificial  anus  in  carcinoma  of  rectum, 
159 
eye,  insertion,  after  enucleation,  904 
reformed,  904 
Artillery  projectiles,  wounds  by,  970 
Asphyxia  from  powder  gases  in  naval 

warfare,  1057 
Atony  of  bladder,  299 

and  paralysis  of  bladder,  differentia^ 

tion,  302 
causes,  300 
symptoms,  302 
treatment,  302 
Atresia  of  external  auditory  meatus,  810 
Atrophy  of  bladder,  297 
of  kidney,  200 

optic   nerve,    as   symptom   of   brain 
tumor,  940 
Auditory  meatus,  external,  atresia,  810 
deformities,  809 
foreign  bodies,  811 
furuncle,  810 
diseases,  809 
exostoses,  807 

treatment.  808 
injuries,   810 
malignant  tumors,  809 
Auricle,  blood  tumor,  807 
diseases,  806 
injuries,  806 
malignant  tumors,  809 
peridiondritis,  806 
treatment,  807 
tumors,  benign,  807 
Axenfeld's    method    of    extirpation    of 
lachrymal  sac,  923 


Bacill.^ry  dysentery,  1101 

Bacteria  producing  infection  in  gunshot 

wounds,  992 
Bacteriuria,  310 

Ballance's  instruments  for  skin  grafting, 
839 
method   of   making  flap   in   mastoid 
operation,  Bench's  modification,  837 
Bartholinitis,  gonorrheal,  533 

treatment,  535 
Bassini's  operation  for  femoral  hernia,  73 
for  raaical  cure  of  hernia,  34 
of  inguinal  hernia,  66 
modified,  70 

omitting  transplantation  of 
cord,  70 
Beck's  operation  for  hypospadias,  498 
Berger's  operation  for  femoral  hernia,  76 
Beri-beri  complicating  tropical  surgery, 

1083 
Bettman's  method  of  ripening  cataract, 

873 
Bevan's  operation  for  undescended  tes- 
ticle, 594 
for  varicocele,  613 
Bieelow's  evacuator,  355 

lithotrite,  353,  354 
Bierhoflf's  cystoscope,  283 
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Bladder,  absence,  293 
atony,  299 

and  paralysis  of  bladder,  differen- 
tiation, .302 

causes,  300 

symptoms,  302 

treatment,  302 
atrophy,  297 

compensating  hypertrophy,  543 
contusion,  327 
diseases,  diagnosis,  278 
diverticulum,  293 

treatment,  295 
exstrophy,  298 
extirpation,  in  tumors,  324 
fistula,  331 

treatment,  332 
foreign  bodies  in,  326 

treatment,  327 
gunshot  wounds,  1012 
hematuria,  320.     See  also  Hematuria, 

vesical. 
hernia,  80,  325 

diagnosis,  326 

treatment,  326 
hypertrophy,  296 

concentric,  296 

eccentric,  296 
imitation,  292 

implantation  of  uret«r  into,  265 
inflammation,  307.     See  also  Cystitis. 
injuries,  327 
malformations,  293 
multiple,  293 

paralysis,  and  atony  of  bladder,  dif- 
ferentiation, 302 
phantom,  292 
precipitate.  293 
rupture,   328.     See   also   Rupture   of 

oladder. 
sacculated,  293 

treatment,  295 
stammering,  301 
stone  in,     335.     See     also     Calculus, 

vesical. 
supernumerary,  293 
surgery,  272 

tuberculosis,    316.     See    also    Tuber- 
culosis of  bladder. 
tumors,    321.     See    also    Tumors    of 

bladder. 
ulcer,  simple,  310 
wound,    328.     See    also    Rupture    of 

bladder. 
Blake's  operation  for  umbilical  hernia, 

90 
Blast  concussion  in  naval  warfare,  1057 
Blepharoplasty,  920 
Burow's  method,  920 
Dieffenbach's  method,  919 
Fricke's  method,  920 
Hasner  d'Artha's  method,  921 
transplantation  of  skin  without  pedicle 

in,  921 
Blood,  cryoscopy,  173 

in  surgical  diseases  of  kidney,  194 


Blood  in  urine,  178 

in  surgical  diseases  of  kidney,  191 
tumor  of  auricle,  807 
Boba,  1134 
Boil,  Delhi,  1130 

treatment,  1131 
Bonet's  method  of  enucleation  of  eye- 
ball, 901 
Bottini's  operation  for  cancer  of  prostate, 
462 
for  prostatic  hypertrophy.  430 
Bottle  operation  for  hydrocele,  607 
Bougie,  filiform,  in  continuous  dilatation 
of  stricture  of  urethra,  556 
in  gradual  dilatation  of  stricture  of 
urethra,  553 
Boutonni^re,  365 

S^  oxybutyric  acid  in  urine,  180 
rain,  abscess,  complicating  otitis  media, 
844 
treatment,  847 
tumors,  choked  disc  as  symptom,  937 
eye-ground  as  means  of   diagnosis, 

937 
optic  nerve  atrophy  as  symptom, 
940 
neuritis  as  symptom,  937 
papillitis  as  symptom,  937 
retinal  changes  as  symptom,  940 
temporary  amaurosis  in,  941 
visual  acuteness  as  symptom,  941 
Breast,  carcinoma,  influence  of  race,  sex, 

and  age  in,  1156 
Brenner's  cystoscope,  283 
Bridle  stricture  of  urethra,  540 
Brigade,  medical  personnel  and  equip- 
ment, 951 
Bright's  disease,  surgical  treatment,  240 
Brown's  cystoscope,  284 
Bruit  de  piaulement.  929 
Bruns'  method  of  aavancement  of  rectus 

t«ndon  in  strabismus,  899 
Bubonocele,  54 
Bums  in  naval  warfare,  1053 
treatment,  1056 
of  conjunctiva,  treatment,  887 
of  cornea,  treatment,  887 
Burow's  method  of  blepharoplasty,  920 
Busch's  theory  of  mechanism  of  strangu- 
lated hernia,  42 
Buttonhole   operation   for  stricture   of 
urethra,  570 


Cabot's  steel  searcher,  342 
Calculous  anuria,  238 
Calculus  in  ureter,  233,  250 

and     appendicitis,     differentiation, 

768 
treatment,  252 
in   vermiform  appendix  as   cause  of 

appendicitis.  742 
of  seminal  vesicles,  627 
prostatic,  384 
diagnosis,  386 
symptoms,  386 
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Calculus,  prostatic,  treatment,  387 
renal,  23S 

and     appendicitis,     dififerentiation, 

770 
influence  of  race,  sex,  and  age  in, 

1149 
patholo^,  234 
prognosis,  236 
symptoms,  235 
treatment,  236 
urethral,  509 
vesical,  335 
color.  336 
consistence,  336 
diagnosis,  341 

digital  exploration  of  bladder,  344 
examination  with  cystoscope,  344 
exploration      with      litholapaxy 

pump,  344 
sounding,  342 

sources  of  error,  343 
x-ray  examination,  344 
etiology,  338 

alkaline  fermentation,  339 
diathesis,  339 
diet  and  habit,  339 
heredity,  338 
locality,  338 
in  female,  370 

operative  treatment,  370 
symptoms,  370 
influence  of  race,  sex,  and  age  in, 

1148 
litholapaxy  in ,  353.     See  also  Lithol- 
apaxy. 
lithotomy  in,  364.     See  also  Lithot- 
omy. 
lithotrity  in,  351.     See  also  Litho- 

trity. 
multiple,  337 

physical  and  chemical  characteris- 
tics, 335 
shape,  337 

spontaneous  fracture,  337 
symptoms,  339 

condition  of  urine,  341 

hematuria,  341 

increased  frequency  of  urination, 

340 
pain,  340 
reflex  pains.  340 
sudden  stoppage  of  urine,  340 
treatment,  345 
local,  directed   to  prevention  of 

stone.  346 
operative,  346 

comparative  danger.  347 
completeness  of  cure  after,  349 
complicating  diseases   modify- 
ing choice.  350 
considerations  affecting  choice 

of  operation,  347 
in  connection  with  perineal  pros- 
tatectomy, 366 
interference  with  functions  of 
parts,  348 


Calculus,  vesical,  treatment,  operative, 
preparation  for,  351 
recurrence  after,  348 
preventive,  345 
Cammidge's  test,  181 
Camp,  medical  service  in,  957 
Canaliculus,  dilatation,  922 

slitting.  922 
Canister- wounds,  973 
Canthoplasty,  917 
Canthotomy,  918 
Cap  rectale,  377 
Capillary  hemorrhoid,  143 
Capitonnage  in  hydronephrosis,  244 
Capsule  of  kidney,  splitting.  257 
of  prostate,  anatomy,  373 
Tenon's,  851 
Carbolic  acid,  injection,  in  hemorrhoids, 
150 
in  hydrocele,  605 
Carcinoma,  influence  of  race,  sex,  and 
age  in,  1155 
of  breast,  influence  of  race,  age  and 

sex  in,  1156 
of  colon,  696 

treatment,  697 
of  kidney,  244 
of  penis,  486 

influence  of  race,  sex,  and  age  in, 

1157 
papillomatous,  485 
treatment,  487 
of  prostate,  453 

and     prostatic     hypertrophy,     dif- 
ferentiation, 426 
Bottini's  operation,  462 
clinical  findings,  460 
by  cystoscopy,  460 
in  prostate,  460 
in  seminal  vesicles,  460 
diagnosis,  461 
etiology,  454 
examination,  459 
frecjuency,  454 
pathology,  454 
perineal  prostatectomy,  463 
suprapubic  prostatectomy,  463 
symptoms,  456 
course,  457 
duration,  457 
treatment,  461 

palliative  procedures,  461 
radical  operations.  464 
Young's  operation,  465 
results,  468 
of  rectum,  154 

abdominal  operation,  165 
amputation  of  rectum,  160 
artificial  anus  in,  159 
coccygeal  operation,  163 
examination  of  inguinal  glands,  112 
Kraske's  combined  operation,   165 

sacral  operation,  16^3 
perineal  operation,  162 
sacral  operation,  163 
treatment,  158 
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Carcinoma  of  rectum,  treatment,  pallia- 
tive. 158 
vaginal  operation,  161 
of  scrotum,  600 
of  splenic  flexure,  698 

treatment,  699 
of  stomach,  influence  of  race,  sex,  and 

age  in,  1158 
of  suprarenal  glands,  270 
of  testis,  624 
of  urethra,  521 

of  uterus,  influence  of  race,  sex,  and 
age  in,  1157 
Cartilages,  tarsal,  858 
Caruncle,  lachrymal,  860 
Castration,  624 

Cataract,  after-,  operation  for,  by  dis- 
cission, 873 
congenital,  operations  on,  875 
by  discission,  875 
by  linear  extraction,  875 
suction  method,  876 
optical  iridectomy  for,  876 
cortical,  865 
lamellar,  875 
membranous,  874 
nuclear,  865 

secondary,   operation  for,  by  discis- 
sion, 873 
senile,    extraction,    accidents    during 
operation,  870 
anomalies  in  healing  process,  870 
before  ripe,  873 
combined,  868 
dressing  after,  868 
operations  for,  865 
simple,  866 
with  iridectomy,  868 
without  capulotomy,  872 
without  iridectomy,  866 
ripening  operation,  873 
soft,  operations  on,  875 

by  linear  extraction,  875 
suction  method,  876 
traumatic,  operations  and  treatment, 

876 
zonular,  875 
Catarrhal  colitis,  1101 

cystitis,  310 
Cathelin's  segregator,  281,  282 
Catheter,  coudd,  429 

examination  in  hypertrophy  of  pros- 
tate, 420 
fever,  305 

treatment,  306 
gum  prostatic,  429 
introauction,  275 
lubrication,  274 

retention,  in  organic  stricture  of  ure- 
thra, 551 
shock,  305 

treatment,  306 
sterilization,  274 
Catheterism,  urethral  retrograde,  576 
Catheterization,  275 
of  ureters,  288 


Catheterization  of  ureters,  difficulties  and 
impediments,  292 
in  female,  290 

in  surgical  diseases  of  kidney,  193 
Cautery,  Paquelin,  in  prolapse  of  rectum, 

137 
Cavernous  bodies  of  penis,  aneurism,  479 

fibrous  sclerosis,  482 
Cecostomy,  valvular,  in  tropical  dysen- 
tery, 1107 
Cecum,  actinomycosis,  702 
diseases,  702 
hernia,  78 
etiology,  79 
treatment,  79 
malignant  disease,  and  appendicitis, 

differentiation,  767 
sliding  hernia.  20,  23 
tuberculosis,  702.     See  also  Tubercu* 
losis  cf  cecum. 
Cells,  mastoid.  799 
Cellulitis  of  orbit.  905 

treatment.  905 
Chalazion,  removal,  911 
Championnidre's  method  of  radical  cure 

of  inguinal  hernia,  66 
Chancroid  in  tropics,  1083 
Charles'  operation  for  elephantiasis  of 

scrotum,  1120 
Check  ligaments,  851 
Chemosis  in  gonorrheal  ophthalmia,  536 

treatment,  537 

Chest,  gunshot  wounds,  1007 

mortality,  1008 

treatment,  1009 

wounds,  by  hand  weapons,  in  war,  969 

Chetwood's     galvanocautery     prostatic 

incisor,  431 
Chismore's  lithotrite,  362 
Chlorids  in  urine,  estimation,  172 
Choked  disc  as  symptom  of  tumor  of 
brain,  937 
effect  of  operation  on,  941 
significance,  943 
Choroid,  857 

Cicatricial  orbit,  operations  for  prosthesis 
in,  910 
stricture  of  urethra,  541 
Ciliary  body,  857 
muscle,  857 
process,  857 
Circulation,  disorders  of,  in  mesenteric 

vessels.  635 
Circumcision,  487 

Clamp  and  cautery  operation  for  hemor- 
rhoids. 147,  148 
Closure  of  anus,  118 
Clothing  in  naval  surgeiy,  1034 
Cock's  operation  for  stncture  of  urethra, 

576 
Coko,  1134 
Cold  abscess  and  hernia,  differentiation, 

30 
Colic,    appendicular,    and   appendicitis, 

differentiation,  769 
Colitis,  catarrhal,  1101 
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Colon,  carcinoma,  696 
treatment,  697 
dilatation,  695 

treatment,  696 
diseases,  695 
Colopexy  in  prolapse  of  rectum,  141 
Colostomy,  721 
Columns  of  Morgagni,  113 
Compensating  hypertrophy  of  bladder. 


Concentric  hypertrophy  of  bladder,  296 
Concomitant  urethritis,  521 
Concussion,  blast,  in  naval  warfare,  1057 
Condyloma  of  rectum  and  anus,  153 
Conical  cornea,  operations  for,  891 
Conjunctiva,  anatomy,  858 

blood-vessel  supply,  860 

bums,  treatment,  887 

fornix,  859 

ocular,  859 

operations  on,  881 

palpebral,  859 

wounds,  treatment,  885 
Conjunctivitis,  lachrymal,  923 
Connell's  suture  of  intestine,  715 
Constipation,  chronic,  classification,  653 
Contraction  of  mesentery,  637 
Contusion  of  bladder,  327 

of  intestines,  679 

of  penis,  476 

of  scrotum,  598 

of  urethra,  504 
treatment,  505 
Cornea,  anatomy,  854 

bums,  treatment,  887 

conical,  operations  for,  891 

foreign  bodies  in,  removal,  883 

operations  on,  881 

tattooing,  892 

tumors,  treatment,  892 

ulcers,  operative  treatment,  884 

wounds,  treatment,  885 
Corneal  canals,  855 

corpuscles.  855 

spaces,  855 
Corneoscleral   junction,    anatomy,  854, 
856 

wounds,  treatment,  885 
Corona  glandis,  473 
Corpora  amylacea  in  prostate,  384 

amyloidea  in  prostate,  384 

cavernosa,  473 
laceration  of  sheath,  478 

coUoidea  in  prostate,  384 
Corpus  spongiosum,  473 
fibrous  sclerosis,  482 
Corpuscles,  corneal,  855 

sclerotic,  854 
Cortical  cataract,  865 
Coud^  catheter,  429 
Cowperitis,  538 

treatment,  539 
Cowper's  glands,  diseases,  538 
tuberculosis,  539 
tumors,  539 
Cranial  region,  wounds,  in  war,  1000 


Cranium,  fractures,  by  hand  weapons,  in 
war,  968 
in  war,  1000 
treatment,  1002 
gunshot    fractures,    1000.    See    also 

Gunshot  fracturea  of  cranium. 
wounds,  in  naval  warfare,  1050 
Cremasteric  fascia,  589 
Crisis,    Dietl's,  and    appendicitis,    dif- 
ferentiation, 770 
Critchett's  method  of  tenotomy  in  stra- 
bismus, 897 
Crural  hernia ,81.  See  also  Femoral  hernia. 
Cryoscopy  of  blood,  173 

in  surgical  diseases  of  kidney,  194 
of  urine,  172 

in  surgical  diseases  of  kidney,  194 
CrystaUine  lens,  anatomy,  856 
dear,  extraction  of,  873 
cortex,  857 

dislocation,  operative  treatment,  877 
nucleus,  857 
Curvature  of  penis,  483 
operation  for,  489 
Cushing-Marcy  purse-string  suture  for 

femoral  hernia,  75 
Cushing's  suture  of  intestine,  715 
Cutting  on  the  gripe,  364 
Cyclodialvsis,  882 

Cystic  dilatation  of  renal  pelvis  and  ap- 
pendicitis, differentiation,  770 
Cystitis,  307 
catarrhal,  310 
causes,  308 
classification,  309 
diagnosis,  312 
exfoliative,  310 
exudative,  310 
hematuria  in,  311 

irritation  of  prostatic  urethra  in,  311 
modes  of  entrance  of  organisms  in,  308 
pain  in,  311 
prognosis,  312 
pyuria  in,  311 
reaction  of  urine  in,  31 1 
suppurative,  310 
symptoms,  311 
treatment,  313 
ulcerative,  310 
Cystoscopc,  Bierhoff's,  283 
Brenner's,  283 
Brown's.  284 

Lewis's  double  female  ureter,  290 
double  male  ureter,  285 
operative,  292 
universal,  285 
Nitze's.  282 
obturator  for,  284 
Schlagintweit's,  281 
Cystoscopes,  282 

air,  285 
Cystoscopic  examination  in  surgical  dis- 
eases of  kidney,  192 
Cystoscopy,  282 
anesthesia  in,  286 
difficulties  and  impediments,  292 
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Cystoscopy,  technic,  285 
with  air-distention,  291 
Cystotomy,  364.     See  also  Lithotomy. 
Qrsts  and  hernia,  differentiation,  30 
dermoid,  of  kidney,  243 

of  testis,  624 
echinococcus,  of  kidney,  241 

of  prostate,  382 
intestinal,  678 

treatment,  679 
meibomian,  removal,  911 
of  epididymis,  retention,  622 
of  eyelids,  removal,  911 
of  kidney.  241 

echinococcus,  241 
of  mesentery,  637 

treatment,  638 
of  omentum,  632 
of  orbit,  removal,  906 
of  prostate,  380 

echinococcus,  382 

retention,  381 

symptoms,  382 

treatment,  382 
of  suprarenal  glands,  270 
of  testis,  retention.  622 
retention,  of  epididymis,  622 

of  prostate,  381 

of  testis,  622 
Czemy's  method  of  radical  cure  of  in- 
guinal hernia,  66 

suture  of  intestine,  713 


Dacryocystitis,  922 

Danger  zone  of  eye,  854 

Dart  OS,  anatomy  and  embryology,  588 

Deformities,    congenital,    iimuence     of 

race,  sex,  and  age  in,  1141 
Delhi  boil,  1130 

treatment,  1131 
Dench's     modification     of     Ballance's 
method    of  making  flap    in  mastoid 
operation,  837 
Denonvilliers'  aponeurosis,  375 
Dermoid  cyst«  of  kidney,  243 

of  testis,  624 
Descent  of  testicle,  591 
De  Schweinitz's  method  of  extirpation  of 

lachrymal  sac,  924 
De  Wecker's  iritoectomy,  874 
Diabetes,  tropical,  1084 
Diacetic  acid  in  urine,  180 
Diaphragm,  pelvic,  111 
Diaphragmatic  hernia,  93 

treatment,  94 
Dieffenbach's  method  of  blepharoplasty, 

919 
Dietl's    crisis   and   appendicitis,    differ- 
entiation, 770 
Dilatation,   continuous,   in  stricture  of 
urethra,  555  | 

with  filiform  bougie,  556  i 

gradual,  in  stricture  of  urethra,  552 
of  large  caliber,  553 
with  filiform  bougie,  553 


Dilatation,  modified  rapid,  in  stricture  of 
urethra,  556 
instrument,  557 
operation,  558 
of  canaliculus,  922 
of  colon,  695 

treatment,  696 
of  punctum  lachrymale,  922 
Dilator,  Thompson's,  as  guide,  in  external 

perineal  urethrotomjr,  568 
Dislocation  of  crystallme  lens,  operative 
treatment,  877 
of  penis,  478 

treatment,  479 
of  testis,  615 
Displaced  kidney,  201 
diagnosis,  203 
treatment,  203 
Diverticules  enteroldes  par  inclusion,  672 
Diverticulitis,  668 
acquired,  668 

anatomy  and  development,  669 
diagnosis,  differential,  670 
etiology,  670 
pathology,  669 
symptoms,  670 
treatment,  671 
congenital.  672 
chronic  type,  675 
diagnosis,  675 
etiology,  674 
historical,  673 
pathology,  674 
prognosis,  675 
subacute  type,  675 
symptoms,  674 
treatment,  675 
Diverticulum,  acauired,  inflammation  of, 
668.     See    also    Diverticulitis ,    ac- 
quired. 
ancestral,  672 
congenital,  inflanmiation  of,  672.     See 

a^  Diverticulitis,  congenital, 
inclusion,  672 
Meckel's,  667,  672 
development,  672 

inflammation,  and  ap|)endicitis,  dif- 
ferentiation, 769 
intestinal  obstruction  by,  658 
strangulation,  658 
of  bladder,  293 

treatment,  295 
of  intestine,  667 
Division,  medical  personnel  and  equip- 
ment, in  military  surgery,  952 
Divulsion  in  stricture  of  urethra,  560 
Dorsal  artery  of  penis,  aneurism,  479 
ligation,  490 
vein  of  penis,  ligation,  490 
Double  penis,  484 
Dowd's  operation  for  lumbar  hernia,  105, 

106 
Dracontiasis,  1122 
symptoms,  1124 
treatment,  1125 
Dressing,  shell- wound,  955 
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Dressing  stations  during  battle,  963 

in  naval  surgery,  1028 
Drum  membrane,  rupture,  813 

treatment,  814 
Duodenal  fossa,  inferior,  retroperitoneal 
hernia  in,  99 
superior,  retroperitoneal  hernia  in, 
99 
hernia,  100 
diagnosis,  102 
left,  100 
right,  101 
symptoms,  102 
treatment,  102 
ulcer,  686 

perforated  686 
Dupfay's  operation  for  epispadias,  502 
Dupuytren  8  enterotome,  677 
Dysenteric  ulcers  of  anus  and  rectum, 

1*29 
Dysentery,  amebic,  1101 
bacillary,  1101 
tropical,  1101 
appendicostomy  in,  1107 
causes,  1102 
classification,  1101 
pathology,  1104 
symptoms,  1104 
treatment,  1105 
valvular  cecostomy  in,  1107 
Dystopia,  renal,  201 
diagnosis,  203 
treatment,  203 


Ear,  anatomy,  797 

examination,  means  and  methods,  801 

fistula,  congenital,  806 

malformations,  804 

middle,  diseases,  814 

prominent,  805 

surgical  treatment,  806 

protection,  in  naval  surgery,  1035 

surgery,  797 

wounds,  in  naval  warfare,  1052 
Eccentric  hypertrophy  of  bladder,  296 
Echinococcus  cysts  of  kidney,  241 

of  prostate,  382 
Ectopic  pregnancy  and  appendicitis,  dif- 
ferentiation, 772 
Ectropion,  Adams'  operation,  918 

Jones'  operation,  919 

Kuhnt-MuUer  operation,  919 

operations  for,  918 

Snellen's  operation,  920 
Elbow-ioint,  gunshot  wounds,  1015 
Electrolysis  in  stricture  of  urethra,  579 
Elephantiasis  of  penis,  485 

of  scrotum,  599 

Charles'  operation,  1120 
surgical  treatment,  1119 
Elephantoid  fever,  1120 
Elliott's  ear  device,  1035 
Endometritis,  gonorrheal,  532 
Endoscope,  494 
Endothelioma  of  rectum,  158 
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Enteritis  and  appendicitis,  differentia- 
tion, 772 
Enterocele,  partial,  46 
Enterocolitis,  1101 
Enterorrhaphy,  713 

by  Connell's  suture,  715 
by  Cushing's  suture,  715 
by  Czerny's  suture,  713 
by  Halsted's  suture,  715 
by  Lembert's  suture,  714 
Enterotome,  Dupuytren's,  677 
Entropion,  Hotz^s  operation,  916 

operations  for,  915 
Enucleation  of  eyeball,  900 
Bonet's  method,  901 
followed  by  implantation  of  artificial 

globe  in  Tenon's  capsule,  904 
Frost-Lang  operation,  904 
indications,  900 

insertion  of  artificial  eye  after,  904 
technic,  901 
Vienna  method,  901 
Enuresis,  303 

Epibulbar  sarcoma,  treatment,  892 
Epididymis,  retention  cysts,  622 
syphilis,  621 
tuberculosis,  619 
treatment,  620 
Epididymitis,  acute,  616 
treatment,  617 
chronic,  619 
metastatic  form,  616 
urethral  form,  616 
Epidural    abscess    complicating    otitis 

media,  843 
Epigastric  hernia,  90.     See  also  Ventrcd 

hernia. 
Epispadias,  501 

Duplay's  operation,  502 
Thiersch's  operation,  499,  502 
treatment,  o02 
Epithelioma  adenoid,  411 
of  prostate,  455 
of  rectum,  157 
Epityphlitis,  727.     See  also  A  ppendicUU. 
Erysipelas  complicating  wounds  in  naval 
surgery,  1061 
influence  of  race,  sex,  and  age  in,  1141 
of  scrotum,  599 
Esotropia,  operations  for,  896 
Essential  hematuria,  239 
Ethylbutyrate  test,  Opie's,  182 
Evacuator,  Bigelow's,  355 

vesical,  354 
Evisceration  of  eyeball,  903 
Mules's  operation.  903 
with  insertion  of  artificial  vitreous, 
903 
of  orbit,  909 
Excision  of  palpebral  portion  of  lachry- 
mal gland,  925 
Exclusion,  intestinal,  724 
Exenteration  of  orbit,  909 
Exfoliative  cystitis,  310 
Exophthalmos,  pulsating,  925.     See  also 
Pulsating  exophthalmos. 
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Exostoses  of  external  auditory  meatus, 
807 
treatment,  808 
of  orbit,  removal,  907 
Exotropia,  operations  for,  899 
Exposing  kianey,  abdominal  route,  256 
lumbar  incision,  255 
methods,  254 
mixed  method,  256 
ureter,  methods,  260 

retroperitoneal  method,  260 
transperitoneal  method,  261 
Exstrophy  of  bladder,  298 
Extirpation  of  bladder  in  tumors,  324 
of  lachrymal  sac,  923 

Axenf eld's  operation,  923 
De  Schweinitz's  method,  924 
indications,  925 
Kuhnt's  operation,  923 
of  penis,  491 

of  whole  contents  of  orbit,  908 
Extravasation  of  urine,  506 

treatment,  508 
Extremities,  gunshot  wounds,  1014 
treatment,  1014 
lower,  gunshot  wounds,  1016 

wounds,  in  naval  warfare,  1052 
upper,  gunshot  wounds,  1015 

wounds,  in  naval  warfare,  1052 
wounds,  in  naval  warfare,  1051 
Exudative  cystitis,  310 
Eye,  artificial,  insertion,  after  enuclea- 
tion, 904 
reformed,  904 
danger  zone,  854 
gunSiot  wounds,  1004 
muscles,  operations  on,  895 
operations  on,  analgesia,  local,  863 
anesthesia,  general,  863 
infiltration,  864 
local,  863 
hemostasis,  local,  864 
preparation  of  dressings  and  sutures, 
862 
of  eye,  861 
of  instruments,  862 
of  patient,  861 
of  skin  in  region,  861 
surgery,  849 

wounds,  in  naval  warfare,  1052 
Eyeball,  anatomy,  852 

enucleation,  900.     See  also  Enuclea- 
tion of  eyeball. 
evisceration  of,  903 
Mules's  operation,  903 
with  insertion  of  artificial  vitreous, 
903 
external  tunic,  anatomy,  853 
foreign  bodies  in,  diagnosis,  with  x- 
rays,  893 
Haab's  operation  for   removing, 

894 
treatment,  892 
inner  tunic  of,  anatomy,  857 
middle  vascular  tunic,  anatomy,  855 
operations  on,  865 


Eyeball,  suspensory  ligament,  851 

tunics,  anatomy,  853 
Eyeground   as   means   of   diagnosis   of 

intracranial  lesions,  937 
Eyelids,  anatomy,  858 

cyst«,  removal,  911 

granular,  operations  for,  891 .     See  also 
Trcu:homa. 

operations  on,  911 

suturing,  917 


Face,  gunshot  wounds,  1003 

treatment,  1004 
Facies  abdominalis  in  appendicitis,  755 
Family  appendicitis,  7o6 
Fascia,  cremasteric,  589 
infundibuliform,  589 
rectovesical,  anatomy,  374 
Fascias,  surrounding,  of  prostate,  anat- 
omy. 374 
Fecal  fistula,  treatment,  121 
opening  at  umbilicus,  119 
stasis  in  hernia,  38 
Femoral  hernia,  71 

anatomic  relations,  71 
Bassini's  operation,  73 
Berger's  operation,  76 
clinical  symptoms,  73 
contents  of  sac,  73 
coverings  of  sac,  73 
diagnosis,  73 
French  truss  for,  31,  32 
operative  treatment,  73 
purse-string  suture,  75 
Femur,  gunshot  wounds,  1016 
Fergus'  operation  for  ptosis,  914 
Fetal  development  of  rectum,  115 
FibroHpoma  of  rectum,  154 
Fibroma  of  rectum  and  anus,  152 
Fibromyoma  of  rectum  and  anus,  154 
Fibrous  sclerosis  of  cavernous  bodies  of 
penis,  482 
of  corpus  spongiosum,  482 
transformation  of  penis,  482 
treatment,  483 
Field  hospital,  952 
during  battle.  964 
equipment,  955 
service,    equipment    of    medical    de- 
partment in,  954 
Filariasis,  1119 

surgical  treatment,  1120 
Filiform  bougie  in  continuous  dilatation 
of  stricture  of  urethra  556 
in  gradual  dilatation  of  stricture  of 
urethra,  553 
Firearms,    wounds   by,   970.     See   also 

Gunshot  wounds. 
First-aid  instruction  in  naval  surgery, 
1027 
packet,  954 

in  gunshot  wounds,  998 
in  naval  surgery,  1033 
Fissure  in  ano,  128 
treatment,  129 
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Fistula  after  operation  for  appendicitis, 
795 
aural,  congenital,  806 
fecal,  treatment,  121 
horseshoe,  125 
in  ano,  125 

blind  internal,  125 

complete,  125 

incomplete,  125 

plastic  operation,  127 

symptoms,  126 

treatment,  Gersuny's  method,  127 

operative,  126 
wax  injection,  127 
intestinal,  676 

treatment,  676 
of  urethra,  580 
symptoms,  581 

Szymanowski's  operation,  582 
treatment,  581 
Tuttle's  operation,  586 
urethrorrhaphy,  581 
recto-urethral,  .383 
rectovaginal,  126 
treatment,  128 
rectovesical,  126 
treatment,  128 
renal,  228 
urethropenile,  580 
urethroperineal,  580,  583 
symptoms,  583 
treatment,  584 
urethroperineorectal,  584 
symptoms,  585 
treatment,  585 
urethrorectal,  580,  584 
symptoms,  585 
treatment,  585 
urethroscrotal,  580,  583 
symptoms,  583 
treatment,  584 
vesical,  331 
treatment,  332 
Flexure,  splenic,  anatomy,  697 
carcinoma,  698 

treatment,  699 
inflammation,  697 
tumors.  698 
Floating  kidney.  204 
etiology,  205 

symptoms  and  diagnosis,  206 
treatment,  207 
Fontana,  spaces  of,  855 
Foramen  of  Winslow,  hernia  through,  103 

treatment,  104 
Forearm,  gunshot  fractures,  1015 
Foreign  bodies  as  cause  of  intestinal  ob- 
struction, influence  of  race,  sex, 
and  age  in,  1 144 
in  appendix  as  cause  of  appendicitis, 

742 
in  bladder,  326 

treatment,  327 
in  cornea,  removal,  883 
in  external  auditory  meatus,  811 
in  eyeball,  diagnosis  with  x-rays,  893 


Foreign  bodies  in  eyeball,  Haab's  opera- 
tion for  removing,  894 
treatment,  892 
in  rectum,  123 
in  urethra,  509 
treatment,  510 
Foreskin,  473 
Fornix  conjunctivje,  859 
Fdrster's  method  of  ripening  cataract, 

873 
Fossa,  duodenal,  inferior,  retroperitoneal 
hernia  in,  99 
superior,  retroperitoneal  hernia  in, 

intersigmoid,  hernia,  104 

mesenteri  co-parietal,     retroperitoneal 

hernia  in,  99 
mesocolic,   retroperitoneal  hernia  in, 

99 
navicularis,  474 

paraduodenal,   retroperitoneal  hernia 
in,  99 
Fractures,  gunshot,  982.     See  also  Gun- 
shot fractures. 
of  cranium  by  hand  weapons,  in  war, 
968 
in  war,  1000 
treatment,  1002 
of  Denis.  478 
Frambesia  tropica,  1133.    See  also  Yaw8. 
Frame  truss,  31 

French  truss  for  femoral  hernia,  31,  32 
Frenum  prsBputii,  473 
Freudenberg's  instrument  for  prostato- 
tomy    by    galvanocautery,    Young' ? 
modification,  430 
Fricke's  method  of  blepharoplast^,  920 
Frost-Lang   method   of  enucleation   of 

eyeball,  904 
Fuller's  operation  for  prostatic  hyper- 
trophy, 433 
Guiteras'  modification,  434 
Functional  capacity  of  kidneys,  deter- 
mination, 169 
Fungus  disease  o/  India,  1125.     See  also 

Mycetoma. 
Furuncle  of  external  auditory  meatus, 

810 
Fusion  of  kidneys,  200 


Gall-stones,  influence  of  race,  sex,  and 

age  in,  1147 
Ganglion,  superior  cervical  sympathetic 

excision  of,  for  glaucoma,  881 
Gangrene,  anemic,  of  mesentery,  635 

complicating  wounds   in  naval  war- 
fare. 1061 

linear,  of  intestine,  treatment,  722 

of  penis,  475 
dry,  475 
moist,  475 

of  scrotum,  599 
Gangrenous  strangulated  hernia,  treat- 
ment, 50.     See  abo  StranguUU/ed  her^ 

nia^  gangrenous. 
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Gases,  absorptive  power  of  rectum  for,  ' 
114 
powder,  asphyxia  from,  in  naval  war- 
fare, 1057 
Gastric  ulcer,  influence  of  race  and  sex  in, 

1145   . 
Gelatin  injections  in  pulsating  exophthal- 
mos, 936 
Gem  current  reducer  and  controller,  287 
Genital  organs,  gunshot  wounds,   1013 
Genito-urinary  diseases,  diagnosis,  272 

special  methods,  273 
Gersuny*8  method  of  treating  fistula  in 
ano,  127 
prolapse  of  rectum,  137 
Glandular  hypospadias,  497 
prostatitis,  388 
urethritis,  523 
Glaucoma,  excision  of  superior  cervical 
sympathetic  ganglion  for,  881 
iridectomy  for,  881 
Glioma  of  suprarenal  glands,  270 
Gloves,  rubber,  in  hernia  operations,  36 
Gluteal  hernia,  98 
treatment,  98 
Glycosuria,  173 

m  surgical  diseases  of  kidney,  195 
Goiter,  influence  of  race,  sex,  and  age  in, 

1142 
Gonorrhea,  522 
in  female,  531 

treatment,  533 
of  glands  in  female,  532 
of  OS  uteri,  531 

treatment,  534 
of  urethra  in  female,  531 

treatment,  533 
of  uterus,  532 

treatment,  534 
of  vulva,  532 

treatment,  534 
treatment,  525 
abortive,  526 
general,  526 
Gonorrheal  bartholinitis,  533 
treatment,  535 
endometritis,  532 
metritis,  532 
oophoritis,  532 
opnthalmia,  536 
chemosis  in,  536 
treatment,  537 
perimetritis,  532 
salpin^tis,  532 
urethritis,  acute  anterior,  523 
in  female,  531 
treatment,  533 
vaginitis,  533 

treatment,  535 
vulvitis,  532 
treatment,  534 
Goodfellow's   method  of   perineal  pros- 
tatectomy, 438 
Goundou,  1137 

Graefe's  method  of  tenotomy  in  strabis- 
mus, 897 


Grafting,  skin,  in  mastoid  operation,  838 
witliout  pedicle,  in  blepharoplasty, 
921 
Granular  lids,  operations  for,  891.   See 

also  Trfichama. 
Graser's  operation  for  umbilical  hernia,  90 
Grattage  operation  for  trachoma,  892 
Gross  urethrotome,  562 
Gruber's  aural  speculum,  802 
Guinea-worm  disease,  1122 

treatment,  1125 
Guiteras' modification  of  Fuller' s  opera- 
tion for  prostatic  hypertrophy,  434 
Gun  discharges,  shock  from,  in  naval 

surgery,  1057 
Gunshot  fractures,  982 
comminution  in,  983 
diagnosis,  984 
of  cranium,  1000 
gutter,  1001 
infection  in,  1002 
penetrating,  1002 
perforating,  1002 
treatment,  1002 
of  diaphyses  of  long  bones,  982 
of  epiphyses  of  long  bones,  984 
of  flat  bones,  984 
of  forearm,  1015 
of  humerus,  1015 
treatment,  985 
varieties,  983 
wounds,  970 
aneurism  from,  980 
aneurismal  varix  from,  980 
character,  975 
first-aid  packet  in,  998 
fixation  of  injured  part,  999 
hemorrhage  in,  treatment,  981, 995 
infection  in,  989 

bacteria  causing,  992 
large,  treatment,  998 
lo(^  conditions  which  obtain  at  seat 

of  injury,  997 
lodged  missiles  in,  993 

treatment,  994 
of  abdomen,  1010 
diagnosis,  1012 
treatment,  1012 

without    symptoms    of    visceral 
lesions,  1011 
of  adipose  tissues,  978 
of  ankle-joint,  1016 
of  bladder,  1012 
of  blood-vessels,  979 

treatment,  981 
of  chest,  1007 
mortality,  1008 
treatment,  1009 
of  connective  tissue,  978 
of  elbow  joint,  1015 
of  extremities,  1014 

treatment,  1014 
of  eye,  1004 
of  face,  1003 

treatment,  1004 
of  femur,  1016 
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Gunshot  wounds  of  genital  organs,  1013 
of  hip-joint,  1016 
of  intestine,  641    1011,  1012 
of  joints,  lodged  bullet,  treatment, 
989 

treatment,  986 
of  kidney,  218 

treatment,  219 
of  knee-joint,  1016 
of  large  intestine,  1012 
of  lower  extremity,  1016 
of  muscle,  978 
of  neck,  1004 
of  nerves,  979 
of  penis,  477 
of  shoulder- joint,  1015 
of  skin,  978 
of  small  intestine,  1011 
of  spine  and  spinal  cord,  1005 

treatment,  1007 
of  stomach,  1011 
of  tendons,  978 
of  upper  extremity,  1015 
of  urethra,  504,  1013 
of  wrist,  1015 
pain  in,  treatment,  997 
recurrent  hemorrhage  in,  treatment, 

981 
results,  974 
secondary  hemorrhage  in,  treatment, 

981 
shock  in,  treatment,  996 
tetanus  complicating,  992 
treatment,  early,  99,) 
varicose  aneurism  from,  980 
Guyon's  stilet,  429 


Haas's  operation  for  removing  foreign 

bodies  from  eyeball,  894 
Halsted's  operation  for  radical  cure  of 
hernia,  34 
suture  of  intestine.  715 
Harris'  segregator,  280 
Hasner  d'Artha's  method  of  blepharo- 

plasty,  921 
Hematocele  of  spermatic  cord,  600 

of  tunica  vagmalis,  600 
Hematoma  auris,  807 
of  spermatic  cord,  600 
of  tunica  vaginalis,  600 
Hematuria,  178 
essential,  239 

in  surgical  diseases  of  kidney,  191 
vesical,  320 
causes,  320 
diagnosis,  321 
treatment,  321 
Hematuric  nephralgia,  239 
Hemophilia,  renal,  239 
Hemorrhage  after  gastric  and  intestinal  i 
operations,  639 
in  gunshot  wounds,  treatment,  981, 

995 
in  wounds  in  naval  warfare,  1058 
treatment,  1059 


Hemorrhage,     recurrent,     in     gunshot 

wounds,  treatment,  981 
secondary,  in  gunshot  wounds,  treat- 
ment, 981 
Hemorrhagic  infarct  of  mesentery,  635 
Hemorrhoidal  arteries,  inferior.  111 

middle.  111 

superior,  111 
plexus,  112 
veins,  112 
Hemorrhoids,  141 
Allingham's  operation,  145 
capillary,  143 
causes,  144 

clamp  and  cautery  operation,  147, 148 
external,  141 
ignipuncture,  150 
injection  of  carbolic  acid  in,  150 
internal,  143 
reduction,  144 
stretching  sphincter  ani,  150 
symptoms,  144 
thrombotic,  142 
treatment,  145 

operative,  145 
Whitehead's  operation,  148 
Hernia.  17 
accidents,  38 
acquired,  17 

adenitis  and,  differentiation,  29 
after  operation  for  appendicitis,  793 

methods  of  repair,  794 
age  predisposing.  23 
anatomic  varieties,  19 
clinical  varieties,  19 
cold  abscess  and,  differentiation,  30 
congenital,  17 

crural,  81 .     See  also  Femoral  hernia, 
cysts  and,  differentiation,  30 
definition  of  term,  17 
diagnosis,  27 

differential,  29 
diaphragmatic,  93 

treatment,  94 
duodenal,  ido.     See     also     Duodenal 

hernia. 
epigastric,  90.    See  also  Ventral  hernia. 
etiolo^,  23 

exciting,  26 

predisposing,  23,  25 
fecal  stc'isis  in,  38 

femoral,  71.     See  also  Femoral  hernia, 
general  considerations,  17 
gluteal,  98 

treatment,  98 
heredity  predisposing,  24 
infantile,  84 
inflamed,  40 

strangulated  hernia  and,  differentia- 
tion, 45 

treatment,  41 
inguinal ,  54.     See  also  Inguinal  hernia, 
inguino-perineal,  65 
inguino-superficial,  60,  64 
internal,  99 
irreducible,  39 
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Hernia,  irreducible,  diagnosis,  28 

treatment,  40 
mechanical,  32 
ischiatic,  98 
linea  semilunaris,  92 
lipoma  and,  differentiation,  29 
lumbar,  105 

Dowd's  operation,  105,  106 

treatment,  106 
obesity  predisposing,  24 
obstructed,  38 

strangulated  hernia  and,  differentia- 
tion, 45 

treatment,  39 
obturator,    95.     See    also    Obturator 

hernia. 
of  bladder,  80,  325 

diagnosis,  326 

treatment,  32G 
of  cecum,  78 

etiology,  79 

treatment,  79 
of  intersigmoid  fossa,  104 
of  stomach,  95 
of  umbilical  cord,  82 
of  ureter,  80 
of  uterus,  81 

treatment,  82 
of  vermiform  appendix,  78 
etiology,  79 
treatment,  79 
paraduodenal,  103 
parts,  17 
pericecal,  103 
perineal  107 

treatment,  108 
phimosis  predisposing,  25 
pregnancy  predisposing,  24 
properitoneal,  60 

diagnosis,  63 

etiology,  60 

symptoms,  62 

treatment,  63 
reducible,  19 

relation  of  industrial  accidents  to  de- 
velopment of,  27 
results  of  modern  methods  of  operation 

for  radical  cure,  76 
retroperitoneal,   99.     See   also   Retro- 
peritoneal hernia. 
Richter's,  45 
sac,  19 

changes  in,  21 

contents,  22 

different  types,  21 

double,  22 

hour-glass,  22 

hydrocele  in,  604 
treatment,  610 

neck,  21 

relation  to  other  structures,  20 

size  and  shape,  20 

tuberculosis.  53 
saphenous  varix  and,  differentiation, 

27 
sciatic,  98 


Hernia,  sex  predisposing,  23 
sliding,  23 

of  cecum,  20,  23 
strangulated,  41.     See  also  ^S^ran^- 

lated  hernia. 
symptoms,  28 
physical,  28 
through  foramen  of  Winslow,  103 
treatment,  104 
pelvic  outlet,  107 
torsion  of  omentum,  52 
of  spermatic  cord,  53 
treatment,  31 
mechanical,  31 
pro^osis,  33 
radical,  33 

Bassini's  method,  34 
choice  of  method,  35 

of  suture  material,  36 
dangers  connected  with,  38 
HaLst«d's  method,  34 
indications,  35 
local  anesthesia,  36 
principles  underlying,  34 
use  of  rubber  gloves,  36 
truss  for,  31 
tuberculous,  53 
umbilical,    82.     See    also     UmbiHcal 

hernia. 
vaginal,  107 

varicocele  and,  differentiation,  27 
ventral,  90.     See  also  Ventral  hernia. 
with  hydrocele,  20 
without  sac,  20 
Hemic  par  glissement,  23 
Hess'  operation  for  ptosis,  914 
Heterophoria,  operations  for,  900 
Heterotropia,  896 
Hilton's  white  line,  113 
Hip-joint,  gunshot  wounds,  1016 
Hirschsprung's  disease,  695 
Honiy  growths  of  penis,  483 
Horseshoe  fistula,  125 

kidney.  200 
Horwitz's  method  of  external  perineal 
urethrotomy,  574 
with  filiform  guide,  570 
Hospital,  field,  952 
during  battle,  964 
equipment,  955 
regimental,  951 
ships,  1068 

duties  and  working,  1071 
after  battle,  1072 
in  peace,  1071 
in  war,  1071 
general  comment,  1068 
model,  1069 
personnel,  1070 
surgical  program,  1073 
transportation  of  wounded  to,  1072 
Hotz's  operation  for  entropion,  916 

for  trichiasis,  915 
Hour-glass  hernial  sac,  22 
Hour-glass-shaped  hydrocele,  604 
treatment,  610 
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Houston's  valves,  113 
Howship-Romberg  symptom  in  obtura- 
tor hernia,  96 
Humerus,  gunshot  fractures,  1015 
Hyaloid  membrane,  858 
Hydatid  cysts  of  kidney,  241 

of  prostate,  382 
Hydrocele,  acute,  601 

of  spermatic  cord,  602 
and  strangulated  hernia,  differentia- 
tion, 45 
bilocularis,  604 

treatment^  610 
communicating  with  general  perito- 
neal cavity,  604 
treatment,  610 
hour-glass-shaped,  604 

treatment,  610 
in  hernial  sac,  604 

treatment,  610 
of  canal  of  Nuck.  and  oblique  inguinal 
hernia  in  female,  differentiation,  58 
of  spermatic  cord,  604 

treatment,  610 
of  tunica  vaginalis,  602 

Andrew's  operation,  607 
course,  603 
etiology,  603 

injection  of  carbolic  acid  in,  605 
Jaboulay's  operation  for,  607 
symptoms,  603 
treatment,  605 
Hydronephrosis,  219 
etiology,  220 
pathology,  221 
prognosis,  222 
symptoms,  222 
treatment,  223 
Hypernephroma  of  kidney,  244 

of  suprarenal  glands,  270 
Hyperopic  disc,  939 
Hypertrophy  of  bladder,  296 
compensating.  543 
concentric,  296 
eccentric,  296 
of  penis,  476 
of  prostate,  405 

Bottini's  operation,  430 
carcinoma  of  prostate  and,  differ- 
entiation, 426 
catheter  examination,  420 
conservative  perineal  prostatectomy, 
439.     See  also  Young's  operation, 
course,  415 
development,  410 
diagnosis,  424 

differential,  425 
fibromuscular  form,  pathology,  408 
fibrous  or  inflammatory  form,  pa- 
thology, 409 
Fuller's  operation.  433 

Guiteras'  modification,  434 
glandular  form,  gross  appearance, 

407 
Goodfellow's  operation,  438 
history,  405 


Hypertrophy  of  prostate,  influence  of  race 
and  age  in,  1150 
instrumental  examination,  420 
malignant  degeneration,  410 
mechanical  changes,  411 
pathology,  406 
perineal  prostatectomy,  438 
physical  examination,  418 
rectal  examination,  419 
spinal  disease  and, differentiation ,425 
suprapubic  prostatectomy,  432 
.     symptoms,  414 
treatment,  427 
catheterisra,  428 
hygienic,  427 
in  emergencies,  430 
palliative,  428 
radical  operations,  430 
urinalysis,  424 

Young's  operation,  439.     See  also 
Young^s  operation. 
Hypospadias,  497 
Beck's  operation,  498 
glandular,  497 
penile,  497 
perineal,  497 
scrotal,  497 
varieties,  497 
Hysteric  retention  of  urine,  514 


Ignipunctitre  in  hemorrhoids,  150 
Ileo-appendicular  fossa,  anatomy,  735 
Ileocecal  fossa,  anatomy,  735 
Ileus.     See  Volvulus, 
Imitation  bladder,  292 
Imperforate  anus,  118 
treatment,  120 
with  fecal  fistulas,  119 
rectum,  119 
Implantation  of  ureter,  265 
into  bladder,  265 
into  intestine,  267 
into  renal  pelvis,  265 
lateral,  262 

Van  Hook's  method,  264 
Incision,  exploratory,  in  surgical  diseases 

of  kidney,  195 
Inclusion  diverticulum,  672 
Incontinence  of  retention,  514 
of  urine,  303 

relative,  in  acute  posterior  urethritis, 
525 
Indican  in  urine,  180 
Industrial    accidents,    relation,    to    de- 
velopment of  hernia,  27 
Infantile  hernia,  84 

Infarct,  hemorrhagic,  of  mesentery,  635 
Infection  in  gunshot  fractures  of  cranium, 
1002 
wounds,  989 

bacteria  causing,  992 
wound,  in  tropical  surgery,  1080 
Infirmary,  regimental,  951 

ec^uipment,  956 
Inflamed  hernia,  40 
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Inflamed  hernia,  strangulated  hernia  and, 
differentiation,  45 
treatment,  41 
Inflammation,  acute,  of  scrotum,  598 
chronic,  of  tunica  vaginalis,  602.     See 

also  Hydrocele  of  tunica  vaginalis. 
of  acquired    diverticulum,    668.     See 

also  Diverticulitis f  acquired. 
of  bladder,  307.     See  also  Cystitis. 
of  congenital  diverticulum,  672.     See 

also  DiverticulUis,  congenital. 
of  Cowper's  glands,  538  • 

treatment,  539 
of  epididymis,  acute,  616 
treatment,  617 
chronic,  619 
of  Meckel's  diverticulum  and  appen- 
dicitis, differentiation,  769 
of  mesocolon,  700 
treatment,  701 
of  penis,  474 

treatment,  475 
of  perirectal  spaces,  123 

treatment,  124 
of  prostate,  387.     See  also  Prostotttis. 
of  rectum,  123 

treatment,  124 
of  seminal  vesicles,  627 
of  splenic  flexure,  697 
of  testis,  acute,  616 
treatment,  617 
chronic,  619 
of  urethra,  521.     See  also  Urethritis. 
Inflammatory  stricture  of  urethra,  540 
Infundibuliform  fascia.  589 
Inguinal   glands,   examination,   in   low 
rectal  cancer,  112 
hernia,  54 

abdominal  belt  for.  31 
appendicitis  complicated  with,  To- 
rek's operation,  80 
direct,  58 
diagnosis.  59 
etiology',  58 
treatment,  60 
indirect,  54 
internal,  58 
interparietal,  60 
interstitial,  63 
etiology,  64 
treatment,  65 
oblique,  54 

anatomic  relations,  54 
anatomy,  55 
complete,  55 
in  female,  56 
hydrocele  of  canal  of  Nuck  and, 

differentiation,  58 
methods  of  operation,  57 
labial,  55 

relation  of  sac  to  cord,  56 
scrotal,  54 
radical  cure,  Bassini's  method,  66 
modified,  70 

omitting  transplantation  of 
cord,  70 


Inguinal    hernia,    radical   cure,  Cham- 
pionni^re's  method,  66 
Czemy's  method,  66 
Kocher's  method,  69 
methods,  66 
Inguino-perineal  hernia,  65 
Inguino-superficial  hernia,  60,  64 
Interparietal  inguinal  hernia,  60 
Intersigmoid  fossa,  hernia,  104 
Interstitial  inguinal  hernia,  63 
etiology,  64 
treatment,  65 
Intestinal  anastomosis,  715 

bv  McGraw  elastic  ligature,  718 
exclusion,  724 
fistula,  676 

treatment,  676 
invagination,    658.     See    also    Intus- 
susception. 
lithiasis  and  appendicitis,  differentia- 
tion, 769 
obstruction,  642 

acute,  foreign  bodies  as  cause,  in- 
fluence of  race,  sex,  and  age  in, 
1144 
influence  of  race,  sex,  and  age  in, 
1143 
after  operation  for  appendicitis,  790 
by  Meckel's  diverticulum,  658 
diagnosis,  645 
duodenal,  symptoms,  646 
duodeno-ampullar,  symptoms,  646 
dynamic,  642 
ileocecal,  symptoms,  646 
iliac,  symptoms,  647 
jejuno-iliac,  symptoms,  646 
morbid  anatomy,  643 
pelvic,  symptoms,  647 
prognosis,  645 
pyloric,  symptoms,  646 
rectal,  symptoms,  647 
sigmoid,  symptoms,  647 
splenic  flexure,  symptoms,  647 
symptoms,  645 

at  different  points  of  intestinal 
canal,  646 
stasis,  653 
diagnosis,  655 
Lane's  treatment,  656 
treatment,  656 
stiffening,  708 
Intestine,  adenoma,  679 

and  pylorus,  simultaneous  stenosis,  648 
contusion,  679 
cysts,  678 

treatment,  679 
digestive  function,  630 
diverticulum,  667 
gangrene,  linear,  treatment,  722 
gunshot  wounds,  641 
implantation  of  ureter  into,  267 
large,  absence,  119 

gunshot  wounds,  1012 
motor  function,  630 
obstruction,  642.     See  also  Intestinal 
obstruction. 
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Intestine,  obturation,  643 
operations  upon,  711 
after-effects,  723 
essential  principles,  711 
hemorrhage  after,  639 
peritoneal  relations,  630 
resection,  722 
rupture,  640,  679.     See  also  Rupture 

(^  intestine^ 
small,  gunshot  wounds,  1011 
sarcoma,  693 
symptoms,  694 
stasis,  653 
stenosis,  647 

congenital,  647 
strangulation,  643,  664 
surgery,  629 

anatomic  considerations,  629 
suture,  713 
Intracranial  lesions,  eye-ground  as  means 

of  diagnosis,  937 
Intussusception,  658 
ascending,  658 
course,  664 
descending,  658 
etiology,  660 

influence  of  race,  sex,  and  age  in,  1144 
symptoms,  664 
treatment,  664 
Intussusceptum,  658 
Intussuscipiens,  658 
Iridectomy,  878 
anti-dauoomatous,  880 
for  glaucoma,  881 
optical,  880 

for  congenital  cataract,  876 
technic,  878 

modifications,  880 
Iridotomy,  precorneal,  880 

Ziegler^s,  875 
Iris,  operations  on,  878 

anatomy,  856 
Iritoectomy,  De  Wecker's,  874 
Irreducible  hernia,  39 
diagnosis,  28 
treatment^  40 
mechanical,  32 
Irritative  urethritis,  522 
Ischiatic  hernia,  98 
Ischiorectal  abscess,  124 
treatment,  125 


Jabgulay's  operation  for  hydrocele,  607 

Jejunostomy,  720 

Jejunum,  ulcer  of,  693 

Jones'  operation  for  ectropion,  919 


Kausch's  esophageal  narcosis-tube  for 

prevention  of  fecal  drowning,  710 
Keratectomy,  combined,  890 
Kidney,  abscess,  224 

absence,  199 

actinomycosis,  233 

adenocarcinoma,  244 


Kidney,  angioneurosis,  239 
artery,  aneurism,  247 
atrophy,  200 
calculus  in,  233.     See  also  Calculus, 

renal, 
capsule  splitting,  257 
carcinoma,  244 
cysts,  241 
dermoid  cysts,  243 
determining  separate  capacity,  175 
diseases,  219 
displaced,  201 

aiagnosis,  203 

treatment,  203 
echinococcus  cysts,  241 
examination,  methods,  188 
exposing,  abdominal  route,  256 

lumbar  incision,  255 

methods,  254 

mixed  method,  256 
fistula,  228 
floating,  204 

etiology,  205 

symptoms  and  diagnosis,  206 

treatment,  207 
functional    capacity,    determination, 

169 
fusion,  200 
gunshot  wounds,  218 

treatment,  219 
horseshoe.  200 
hydatid  cysts,  241 
hjrpemephroma,  244 
injuries,  212 

patholo^,  213 

prognosis,  216 

subparietal,  213 

symptoms,  214 

treatment,  216 
inspection,  methods,  188 
malformations,  199 

of  form,  200 

of  number,  199 

of  position,  201 
morcellement,  260 
movable.  204 

and     appendicitis,     differentiation, 
770 

etiology,  205 

symptoms  and  diagnosis,  206 

treatment,  207 
operations  on.  254 
palpation,  methods,  188 
pelvis,  cystic  dilatation,  and  appen- 
dicitis, differentiation,  770 

stone  in,  and  appendicitis,  differen- 
tiation, 770 

tumors,  247 
percussion,  methods.  189 
phlorizin  test,  173,  175 
polycystic,  242 
response,    to    increased    amounts    of 

normal  substances,  174 
rupture,    213.     See   also    Rupture   of 

Kidney. 
sacciform,  219 
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Kidney,  sarcoma,  244 
stone  in,  influence  of  race,  sex,  and  age 

in,  1149 
supernumerary,  201 
suppuration,  224.     See  also  Suppura- 
tion of  kidney. 
surgery,  183 
surgical,  224 

diseases,  anuria  in,  190 
blood  in  urine  in,  191 
cryoscopy  of  blood  in,  194 

of  unne  in,  194 
cyst oscopic  examination  in,  192 
examination  of  urine  in,  190 
exploratory  incision  in,  195 
glycosuria  in,  195 
hematuria  in,  191 
oliguria  in,  190 
polyuria  in,  190 
pyuria  in,  192 
segregators  in,  193 
thamuria  in,  190 
ureteral  catheterization  in,  193 
x-rays  in,  196 
syphilis,  233 

topographic  anatomy,  182 
tuberculosis,  228.     See  also  Tubercu- 
losis of  kidney. 
tumors,  243 
benign,  247 
malignant,  243 
symptoms,  245 
treatment,  246 
of  pelvis,  247 
wandering,  204 
etiology.  205 

symptoms  and  diagnosis,  206 
treatment,  207 
wounds,  212,  217 
incised,  218 
punctured,  218 
Knapp's  operation  for  trachoma,  891 
Knee-joint,  gunshot  wounds,  1016 
Knight  truss,  31,  32 

Kocher's  method  of  radical  cure  of  in- 
guinal hernia,  69 
theory  of  mechanism  of  strangulated 
hernia.  42 
Kftrner's  method  of  making  flap  in  mas- 
toid operation.  837 
Kraske's  combined  operation  for  cancer 
of  rectum,  165 
sacral  operation  for  cancer  of  rectum, 
163 
Krausp's  glands,  859 
Krftnlein's  method  of  resection  of  tem- 
poral wall  of  orbit.  907 
Kuhnt-MuUer  operation   for  ectropion. 

919 
Kuhnt's  method  of  extirpation  of  lachry- 
mal sac,  923 


Labial  hernia,  55 
Laceration  of  rectal  wall.  122 

of  sheath  of  corpora  cavernosa,  478 


Lachrymal  abscess,  022 

canaliculi,  861 

caruncle,  860 

conjunctivitis,  923 

gland,  852 
ablation,  925 
anatomy,  860 
inferior,  860 

palpebral  portion,  excision,  925 
superior,  860 

papilla?,  861 

sac,  extirpation,  923.     See  also   Et- 
tirpcUion  of  Lachrymal  sac. 
Lacuna  magna,  474 
Lamellar  cataract,  875 
Landolt*s  method  of  advancement  of  rec- 
tus tendon  in  strabismus,  899 
Lane^s  treatment  of  intestinal  stasis,  656 
Lange's  treatment  of  prolapse  of  rectum, 

138 
Laparotomy,  ventral  hernia  following,  92 

treatment,  93 
Lefort-Wolff  operation  of  skin-grafting 

in  blepharoplasty,  921 
Lembert's  suture  of  intestine,  714 
Leper  juice,  1095 
Leproiin,  1099 
Lepromes  en  nappe,  1090 
Leprosy,  1085 

anesthetic,  1091 

diagnosis,  1097 

mixed,  1094 

nodular,  1089 

nerve,  1091 

patholo^c  histology,  1095 

prognosis,  1098 

symptoms,  prodromal,  1088 

treatment,  1098 

varieties,  1088 
Leukocytosis  in  appendicitis,  753 
Levator  palpebne  superior  muscle,   858 

prostatffi,  377 
Lewis'  double  female  ureter  cystoscope, 
290 
male  ureter  cystoscope,  285 

operative  cystoscope,  292 

universal  cystoscope,  284 

urethral  tablet  depositor,  287 
Ligament,  palpebral,  external,  859 
inner,  859 

suspensory,  of  eyeball,  851 
Ligaments,  check,  851 

palpebral,  858 

puboprostatic,  375 
Ligamentum  pectinatum  iridis,  855 
Ligation  of  dorsal  artery  of  penis,  490 

vein  of  penis,  490 
Ligature.  McGraw's,  intestinal  anastomo- 
sis by.  718 
Line,  Hilton's  white,  113 
Lipoma  and  hernia,  differentiation,  29 

and  ventral  hernia,  differentiation,  91 

of  rectum  and  anus,  154 
Lithiasis,    intestinal,    and   appendicitis, 

diflferentiation,  769 
Litholapaxy,  353 
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Litholapaxy,  after-treatment,  362 

clogging  and  breaking  of  lithotrite  dur- 
ing, 363 
complications  during,  363 
hemorrhage  during,  363 
impaction    of   fragments    in    urethra 

durine,  363 
in  female,  370 

injury  of  urethra  during,  363 
rupture  of  bladder  during,  363 
technic,  356 
Lithotomy,  364 

apparatus,  major,  365 

minor,  364 
bilateral,  365 
cutting  on  the  gripe,  364 
medio-bilateral,  365 
rectovesical,  366 
suprapubic,  366 

accident-s  and  complications,  370 
after  -  treatment      of     suprapubic 

wound,  369 
in  female,  371 
technic,  367 

with     retrograde     catheterism,     in 
stricture  of  urethra,  577 
vaginal,  371 
Lithotrite,  353 

Bigelow's,  353,  354 
Chismore's,  362 
Lithotrity,  351 

history  and  development,  351 
perineal,  364 
Littr^'s  glands,  474 

Liver,  abscess,  complicating  appendicitis, 
748 
tropical  abscess,  1109.     See  also  Ab- 
scess of  liver,  tropical. 
Loge  prostatique,  374 
Lossen's  theory  of  mechanism  of  strangu- 
lated hernia,  42 
Lubrication  of  catheters  and  sounds,  274 
Lumbar  hernia,  105 

Dowd's  operation,  105,  106 
treatment,  106 
incision  in  exposing  kidney,  255 
Lung's  apron  stretcher,  1064 
Lymphatics  of  prostate,  376 

of  rectum,  112 
Lymphosarcoma  of  rectum,  157 
Lymph-space,  supravaginal,  851 


Madura  foot .  1 125.     See  also  Mycetoma. 
Malaria   complicating   tropical   surgery, 

1081 
Malformations  of  anus,  117 
prognosis,  120 
treatment,  120 
of  auricle,  804 
of  bladder,  293 
of  kidney,  199 
of  form,  200 
of  number,  199 
of  position,  201 
of  penis,  483 


Malformation  of  rectum,  1 17 
prognosis,  120 
treatment,  120 
of  ureter,  203 
of  urethra,  497 
Malignant  disease  of  cecum  and  appen- 
dicitis, differentiation,  767 
tumors,  influence  of  race,  age,  and  sex 
in,  1154 
of  auricle,  809 

of  external  auditory  meatus,  809 
of  kidney,  243 
symptoms,  245 
treatment,  246 
of  rectum,  154 
ulceration  of  anus  and  rectum,  131 
treatment,  132 
Malleus,  short  process,  798 
Manson's  treatment  of  tropical  abscess 

of  liver,  1117 
March,  medical  service  on,  in  army,  958 
Mastoid  antrum,  799 
cells,  799 
operation,  826 

Ballance's  method  of  making  flap, 

Bench's  modification,  837 
for  acute  mastoiditis,  826 
for  chronic  mastoiditis,  832 
purulent  mastoiditis,  832 
in  young  children.  832 
Komer's  method  of   making  flap. 

837 
Pause's  method  of  making  flap,  837 
skin  grafting  in,  838 
process,  diseases,  822 
Mastoiditis,  acute,  822 

mastoid  operation  for,  826 
symptoms,  822 
treatment,  825 
chronic   purulent,   mastoid   operation 
for,  832 
Mayo's  operation  for  umbilical  hernia, 

88 
McBumey's  point  in  appendicitis,  733 
McGraw's  elastic  ligature,  intestinal  anas- 
tomosis by,  718 
McReynold's  operation   for  pterygium. 

889 
Meatotomy  in  organic  stricture  of  urethra, 

550 
Meatus  urinarius,  473 
Meckel's  diverticulum,  667,  672 
development,  672 

inflammation,  and  appendicitis,  dif- 
ferentiation, 769 
intestinal  obstruction  by,  658 
strangulation,  658 
Megalop|enis.  484 
Meibomian  cysts,  removal,  911 
Melanoma  of  rectum.  158 
Membrana  tympani,  injuries,  813 
rupture,  813 
treatment,  814 
Membranous  cataract,  874 
obstruction  of  rectum,  119 
urethra,  474 
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Membranous  urethra,  perineal  puncture, 

in  stricture  of  urethra,  570 
Meningitis  complicating  otitis  media,  841 

treatment,  842 
Mesenteric  vessels,  disorders  of  circula- 
tion in,  635 
thrombosis,  and    appendicitis,    dif- 
ferentiation, 769 
Mesenterico-parietal   fossa,    retroperito- 
neal hernia  in,  99 
Mesenteriolum,  730 
Mesentery,  anemic  gangrene,  635 
contraction,  637 
cysts.  &i7 

treatment,  638 
hemorrhagic  infarct,  635 
injuries,  6.33 
surgery,  633 
wouncls,  6;i3 
Meso-appendix,  730 
Mesocolic  fossa,  retroperitoneal  hernia  in, 

99 
Mesocolon,  inflammation,  700 

treatment,  701 
Metritis,  gonorrheal,  532 
Micropenis,  483 

treatment,  484 
Microtia,  804 

surgical  treatment,  804 
Mikulicz's  operation  for  prolapse  of  rec- 
tum, 139 
treatment  of  tuberculosis  of  cecum, 
709 
Military  rifle,  wounds  by,  973.     See  also 
Gunshot  wofuntls. 
surgeon,  duties,  946 
surgery,  946 

advanced  medical  supply  depot,  957 
ambulance  company  section,  equip- 
ment, 955 
personnel.  953 
brigade  personnel  and  equipment, 

951 
division  personnel  and  equipment, 

952 
equipment  of  medical  department  in 
field,  954 
field  hospitals.  952 
equipment,  955 
first-aid  packet,  954 
medical  assistance  at  front,  957 
at  rear,  957 
service  during  action,  960 
in  camp,  957 
on  march,  958 
nurses,  948 
organization     and     administration, 

946 
personnel,  949 

distribution,  in  time  of  war,  949 
regiment  p>ersonnel  and  equipment, 

950 
regimental  hospital,  951 
infirmary,  951 
equipment.  956 
shell- wound  dressing,  955 


Military  sui^ery.  transportation  of  pa- 
tients in  field,  956 
Misplaced  testicle,  592 

Bevan's  operation,  594 
Mixed  leprosy,  1094 

method  of  exposing  kidney,  256 
Mooren's  method  of  ripening  cataract, 

873 
Morcellement  of  kidney,  260 
Morgagni,  columns.  113 
Motais^  operation  for  ptosis,  915 
Movable  kidney,  204 

and     appendicitis,     differentiation, 

770 
etiology,  205 

symptoms  and  diagnosis,  206 
treatment,  207 
Mucous  membrane,  rectal,  112 
absorptive  power,  114 
physiologic  functions,  113 
Mules'   method  of  evisceration  of  eye- 
ball, 903 
Multiple  bladder,  293 
Munro's  point  in  appendicitis,  733 
Muscle,  levator  prostatse,  377 

recto-urethralis.  377 
Musculature  of  rectum,  113 
Mycetoma,  1125 
causes,  1125 
course,  1127 
symptoms,  1127 
treatment,  1129 
Myoma  of  rectum  and  anus,  154 


Narrowing  anal  orifice  for  prolapse  of 
rectum,  138 
congenital,  of  anus,  118 
Naval  surgery,  1018 
clothing,  1034 
definition,  1018 

disposition,  arrangements,  supplies, 
etc.,  1032 
of  sick  and  disabled,  1031 
dressing  stations.  1028 
duties  of  hospital  apprentices,  1033 
steward,  1032 
of  junior  surgeons,  1032 
of  non-combatants,  1033 
of  senior  surgeon,  1032 
of  surgeon,  1026 
of  surgeon's  division,  1032 
first-aid  instruction,  1027 
history,  1018 
hospital  ships,  1068.     See  also  Hoa- 

jntal  ships. 
medical,  alter  battle,  conduct,  1061 
and  surgical  supplies,  1031 
department,  1021 

after  battle,  transportation  of 

wounded,  1062 
in  battle,  conduct,  1036 
disposition  of  wounded,  1038 
personnel,  1036 
scope  of  relief,  1036 
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Naval    surgery,    medical    department, 
in  battle,   transportation   of 
wounded, 1041 
organization    and    preparation 

for  battle,  1025 
provisions  for  sick  and  injured, 
1021 
operations,  anesthesia,  1024 
spinal  anesthesia,  1024 
technic,  1022 
personnel  and  features  of  man-of- 
war  life,  1019 
in  peace,  1019 
in  war,  1021 
primary  stations,  1028 
protection  of  ears,  1035 
relief  stations,  1029 
secondary  stations,  1029 
statistical  considerations,  1027 
stretchers,  1062 

necessary  features,  1063 
transportation  of  wounded,  1041 
aft<er  battle,  1062 
Neck,  gunshot  wounds,  1004 
Nephralgia,  239 

hematuric,  239 
Nephrectasis,  219 
Nephrectomy,  258 

partial,  260 
Nephrolithotomy,  258 
Nephropexy,  208,  256 
Nephrorrhaphy,  208 
Nephrotomy,  257 
Nephro-ureterectomy,  263 
Nerve  atrophy,  optic,  as  symptom  of 
tumor  of  brain,  940 
leprosy,  1091 
Nerves  of  prostate,  377 
Neuritis,  optic.     See  Choked  disc. 
Newman's  treatment  of  prolapse  of  rec- 
tum, 137 
Nitrogen  in  urine,  estimation,  171 
Nitze's  cyatoscope,  282 
Nodular  leprosy,  1089 
Nuck,  canal   of,  hydrocele,  oblique  in- 
guinal hernia  in  female  and,  differen- 
tiation, 58 
Nuclear  cataract,  865 
Nurses  in  military  surgery,  948 


Obstructed  hernia,  38 

and   strangulated   hernia,   differen- 
tiation, 45 

treatment,  39 
Obturation  of  intestine,  643 
Obturator  hernia,  95 

diagnosis,  96 

Howship-Romberg  symptom,  96 

Schwartzschild's  operation,  97 

treatment,  96 
Ochsner's    non-operative    treatment    of 

appendicitis,  781 
Ocular  conjunctiva,  859 
Ointment  depositor,  398 


Oliguria  in  surgical  diseases  of  kidney, 

190 
Omentum,  cysts,  632 
strangulated  hernia,  46 
surgery,  630 
torsion,  630 
in  hernia,  52 
Oophoritis,  gonorrheal,  532 
Opnthalmia,  gonorrheal,  536 
chemosis  in,  536 
treatment,  537 
Ophthalmitis,  sympathetic,  from  injury, 
887 
treatment,  887 
Opie's  ethylbutyrate  test,  182 
Opium  habit  in  tropical  surgery.  1082 
Optic   nerve   atrophy   as   symptom    of 
tumor  of  brain,  940 
neuritis.     See  Choked  disc. 
Ora  serrata,  857 
Orbicularis  palpebrarum,  859 
Orbit,  abscess,  905 
treatment,  905 
anatomy,  849 
cellulitis,  905 

treatment,  905 
cicatricial,  operations  for  prosthesis  in, 

910 
contents,  850 
cysts,  removal,  906 
evisceration,  909 
exenteration,  909 
exostoses,  removal,  907 
extirpation  of  whole  contents.  909 
muscles,  851 
operations  on,  905 
osteoma,  removal,  907 
temporal    wall,  resection,    Krdnlein's 

operation,  907 
tumors,  removal,  906 
Orbitotarsal  fascias,  859 
Orchitis,  metastatic  form,  616 

urethral  form,  616 
Oriental  sore,  1130 

treatment,  1131 
Os  uteri,  gonorrhea,  531 

treatment,  534 
Osseous  transformation  of  penis,  482 

treatment,  483 
Osteoma  of  orbit,  removal,  907 
Othematoma,  807 
Otis,  urethrotome,  562 
Otitis  externa,  acute  circumscribed,  810 
treatment,  811 
diffuse,  811 
media,  abscess  of  brain  complicating, 
884 
treatment,  847 
acute.  814 

complications,  intracranial,  841 
in  children,  816 
treatment,  816 
chronic  purulent,  818 
complications,  821 
intracranial,  841 
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Otitis  media,  complications,  intracranial, 
841 
epidural  abscess  complicating,  843 
meningitis  complicating,  841 

treatment,  842 
sinus  thrombosis  complicating,  843 
Ovarian  growths,  influence  of  race  in, 
1151 


Pagenrtecher's   operation    for   ptosis, 

912 
Palpation  of  kidney,  methods,  188 
Palpebral  conjunctiva,  859 

ligament.  858 
external.  859 
inner,  859 

muscle,  superior,  858 
Panas'  operation  for  ptosis.  912 
Pancreatic  disease,  t^sts  of  urine  for,  181 
Pancreatitis  and   appendicitis,  differen- 
tiation, 772 
Pause's  method  of  making  flap  in  mastoid 

operation,  SS7 
Papilledema,  938 

Papillitis  as  symptom  of  tumor  of  brain, 
937 

effect  of  operation  on,  941 

significance,  943 
Papilloma  of  penis,  485 
excision,  489 

of  rectum  and  anus,  153 

of  urethra,  521 
Papillomatous  carcinoma  of  penis.  485 
Pat^uelin  cautery  in  prolapse  of  rectum, 

137 
Paracentesis  of  cornea,  883 
Paraduodenal  fossa,  retroperitoneal  her- 
nia in,  99 

hernia,  103 
Paralysis  of  bladder  and  atony  of  bladder, 

differentiation,  302 
Paralytic  retention  of  urine,  514 

strabismus,  operations  for,  900 
Paranephritis,    208.     See    also    Perine- 
phritis. 
Parangi,  1134 
Paraphimosis,  480 

operation  for,  488 

treatment,  481 
Parenchymatous  prostatitis,  388 
Pelvic  diaphragm,  111 

outlet,  hernia  through,  107 
Pelvis,  renal,  implantation  of  ureter  into, 

265 
Pemphigus  leprosus,  1092 
Penile  hypospadias,  497 

urethra,  474 

Thiersch's  method  of  restoring,  499 
Penis  abnormalities,  483 

amputation,  490 

anatomy,  473 

blood  supply,  473 

carcinoma,  486 

influence  of  race,  sex,  and  age  in, 
1157 


Penis,  carcinoma,  treatment,  487 
cavernous  bodies,  aneurism,  479 

fibrous  sclerosis,  482 
cervix  or  neck,  473 
contusions,  476 
curvature,  483 

operation,  489 
diseases,  474 
dislocation,  478 

treatment,  479 
dorsal  artery,  aneurism,  479 
ligation,  490 
vein,  ligation,  490 
double,  484 
elephantiasis.  485 
extirpation,  491 
fibrous  transformation,  482 

treatment,  483 
fracture,  478 
gan^ene,  475 
diy,  475 
moist,  475 
horny  growths,  483 
hypertrophy,  476 
inflammation,  474 
treatment,  475 
injuries.  478 
malformations,  483 
morbid  conditions  479 
nerve  supply,  473 
operations  on,  487 
osseous  transformation,  482 

treatment,  483 
palm6,  483 
papilloma,  485 
excision,  489 
papillomatous  carcinoma,  485 
rudimentary,  483 
treatment,  484 
sarcoma,  485 
strangulation.  479 
superficial  veins,  rupture,  479 
surgery,  473 
tumors.  484 
webbed,  483 

wounds,  477.    See  also  Wounds  of  penis. 
Percussion  of  kidney,  methods,  189 
Perforated  duodenal  ulcer,  686 

typlioid  ulcer,  691 
Perforation  in  typhoid  fever,  690 
Pericecal  fossa*,  anatomy,  734 

hernia,  103 
Perichondritis  of  auricle,  806 

treatment,  807 

Perimetritis,  gonorrheal,  532 

Perineal  hernia,  107 

treatment,  108 

hypospadias,  497 

lithotrity,  364 

prostatectomy,  conservative,  for  hy- 
pertrophy, 439.     See  also  Young^s 
operation. 
for  cancer  of  prostate,  463 
for  hypertropny,  438 
puncture  of  membranous  urethra  in 
stricture  of  urethra,  570 
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Perineal  urethrotomy,  external,  565 
Horwitz's  operation,  574 
technic,  565 

Wheelhouse's  operation,  573 
with  guide,  567 
with  Thompson  dilator  as  guide, 

568 
without  a  guide,  572 

for  traumatic  stricture  and 
rupture,  576 
Perinephritic  abscess,  209 

and  appendicitis,  differentiation,  770 
Perinephritis,  208 
suppurating,  209 
prognosis,  212 
symptoms,  210 
treatment,  212 
Perirectal  spaces,  inflammation,  123 

treatment,  124 
Peritonitis  complicating  appendicitis,  746 
Perityphlitis,  727.     See  also  A  ppendidtis. 
Peri-ureteritis,  250 
Phagedena,  sloughing,  1131 
Phantom  bladder,  292 
Phimosis,  479 
acquired,  480 
congenital,  479 
treatment.  480 
Phlebitis  after  operation  for  appendicitis, 

792 
Phlorizin  test,  173,  175 
Pian,  1134 
Plastic  operation  for  fistula  in  ano,  127 

for  prolapse  of  rectum,  138 
Pleuritis  complicating  appendicitis,  749 
Plexus,  hemorrhoidal,  112 

vesicoprostatic,  112 
Plica  semilunaris,  860 
Pneumonia   and   appendicitis,   differen- 
tiation, 772 
Polycystic  kidney,  242 
Polyps,  rectal,  153 
Polyuria  in  surgical  diseases  of  kidney, 

190 
Pooley  and  White's  method  of  ripening 

cataract,  873 
Posner's  stone-searcher,  278 
Powder  gases,  asphyxia  from,  in  naval 

warfare,  1057 
Precipitate  bladder,  293 
Precorneal  iridotomy,  880 
Pregnancy,  appendicitis  in,  765 
ectopic,    and    appendicitis,    differen- 
tiation, 772 
Prepuce.  473 
adherent,  480 
morbid  conditions,  479 
pin-point-sized  opening,  480 
tight,  480 
Priapism,  481 

Prince's  method  of  advancement  of  rec- 
tus tendon  in  strabismus,  899 
Proctitis,  123 

treatment,  124 
Proctoclysis  in  appendicitis,  788 
Proctodeum,  118 


I  Prolapse  of  anus,  134 

treatment,  136 
of  rectum,  134 

Allingham's  treatment,  137 

amputation  of  prolapse,  139 

colopexy  in,  141 

Gersuny's  treatment,  137 

high  fixation  of  rectum,  139 

Lange's  treatment,  138 

Mikulicz's  operation,  139 

narrowing  anal  orifice,  138 

Newman's  treatment,  137 

Paquelin  cautery,  137 

plastic  operation,  138 

rectopexy,  139 

sigmoidopexy,  139 

siwer  wire,  138 

Thiersch's  treatment,  138 

treatment,  137 
Prominent  ear,  805 

surgical  treatment,  806 
Properitoneal  hernia,  60 

diagnosis,  63 

etiology,  60 

symptoms,  62 

treatment,  63 
Prostate,  abnormities,  380 
anatomy,  372 

comparative,  372 
anomalies,  380 
arteries,  376 
blood-vessels,  376 
calculus,  384.     See  also  CalculuBy  proi- 

tatic. 
capsule,  anatomy,  373 
carcinoma,  453.     See  also  Carcinoma 

of  prostate. 
corpora  amylacea,  384 

amvloidea,  384 

colfoidea,  384 
cyst«,  380 

echinococcus,  382 

retention,  381 

symptoms,  382 

treatment,  382 
echinococcus  cysts,  382 
epithelioma  adenoid,  454,  455 
histology,  379 

hypertrophy.   405.     See   also   Hyper- 
trophy of  profttate. 
inflammation,  387.     See    also    Pros- 

tatitis. 
injuries,  382 

treatment,  383 
lymphatics,  376 
nerves,  377 

relations  to  parietal  structures,  377 
retention  cysts,  381 

sarcoma,  468.     See  also  Sarcoma  of 
I  prostate, 

sheath,  anatomy,  373 
I       surgery,  372 

I       surrounding  fascias,  anatomy,  374 
j       tuberculosis,  401.     See  also  Tuhercur 
I  Urns  of  prostate. 

I       veins,  376 
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Prostate,  wounds,  382 

treatment,  383 
Prostatectomy,    perineal,    conservative, 
for  hypertrophy,  439.     See  also 
Young's  operalion. 
for  cancer  of  prostate,  463 
for  hypertropny,  438 
suprapubic,  for  cancer  of  prostate,  463 
for  nypertrophy,  432 
Prostatic  urethra,  474 
Prostatitis,  acute,  387 
complications,  389 
diagnosis,  390 
etiology,  389 
pathobgy,  388 
symptoms,  390 
treatment,  390 
chronic.  391 
changes  in  prostatic  secretion,  392 
complications,  397 
diagnosis,  395 
etiology,  391 
pathology,  392 
prognosis,  398 
symptoms,  393 
treatment,  398 
glandular,  388 
parenchymatous,  388 
Prostato-pelvic  carcinosis,  455 
Prostatorrhea,  394 
Prosthesis  in  cicatricial  orbit,  operations 

for.  910 
Pseudo-elephantiasis,  583 
Pseudopterygium,  treatment,  890 
Psoas  absce&s  and  appendicitis,  differ- 
entiation, 768 
Pterygium,  McReynolds*  operation  for, 
889 
operations  for,  889 
pseudo,  treatment,  890 
Ptosis,  Fergus'  operation,  914 
Hess'  operation,  914 
Motais'  operation,  915 
operations,  911 
Pagenstecher's  operation,  912 
Panas'  operation,  912 
Sourdille  s  operation,  914 
Tansley-Hunt  operation,  913 
Wilder's  operation,  914 
Puboprostatic  ligaments,  375 
Pulsating  exophthalmos,  925 

compression  of  common  carotid  for, 

936 
diagnosis,  932 

differential,  932 
drugs  in,  936 
etiology,  926 
history,  925 

orbital  operations  for,  734 
pathology  and  pathogenesis,  928 
symptoms,  929 
treatment,  932 
Punctum  lachrymale,  dilatation,  922 
Puncture,     perineal,     of     membranous 

urethra,  in  stricture  of  urethra,  570 
Pupil,  856 


Pupil,  dilator  of,  856 

sphincter  of,  856 
Purse-string  suture  for  femoral  hernia,  75 
Pyelitis.  224 

and  appendicitis,  differentiation,  770 

treatment,  227 
Pyelonephritis,  224 
I^eloplication  in  hydronephrosis,  224 
Pylepnlebitis  after  operation  for  appendi- 
citis, 792 

complicating  appendicitis,  749 
Pylorus    and    intestines,    simultaneous 
stenosis,  648 

ulcer,    and    appendicitis,    differentia- 
tion, 771 
Pyonephrosis,  224,  225 
Pyuria  in  surgical  diseases  of  kidney,  192 


Race,  influence,  in  surgical  affections, 

1139 
Rectopexy  in  prolapse  of  rectum,  139 
Recto-urethral  fistula,  383 
Recto-urethralis  muscle,  337 
Rectovaginal  fistula,  126 

treatment,  128 
Rectovesical  defects,  treatment,  121 
fascia,  anatomy,  374 
fistula,  126 

treatment.  128 
Rectum,  absence,  119 
absorptive  power.  114 

for  gases,  1 14 
adenoma,  153 

amputation,  for  tumors  of  rectum,  160 
anatomy,  110 
angioma,  154 
arteries,  111 
blood-supply,  HI 
carcinoma,  154.     See  also  Carcinoma 

of  rectum. 
condyloma,  153 
diseases,  influence  of  race,  age,  and 

sex  in,  1152 
endothelioma,  158 
epithelioma,  157 
examination,  115 

f>oaition,  116 
fetal  development,  115 
fibrolipoma,  154 
fibroma,  152 
fibromyoma,  154 
foreign  bodies  in,  123 
high  fixation,  in  prolapse,  139 
imperforate,  119 
inflammation,  123 

treatment,  124 
laceration  of  wall,  122 
lipoma,  154 
lymphatics,  112 
lymphosarcoma,  157 
malformations,  117 

prognosis,  120 

treatment,  120 
melanoma,  158 
membranous  obstruction,  119 
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Rectum,  mucous  membrane,  112 
absorptive  power,  114 
physiologic  functions,  113 
musculature,  113 
myoma,  154 
papilloma,  153 
physiologic  functions,  113 
polyps,  153 
prolapse,   134.     See  also  Prolapse  cf 

rectum. 
sarcoma,  157 

specula,  116,  117  I 

strictures,  132 

treatment,  133 
surgery,  110 
tenesmus,  113 
tumors,  150 

abdominal  operation,  165 
amputation  of  rectum,  160 
benign,  152 

coccygeal  operation,  163 
connective-tissue,  157 
.  epithelial  group,  154 
malignant,  154 
operation  for,  160 
perineal  operation,  162 
sacral  operation,  163 
treatment,  158 
vaginal  operation,  161 
ulcers.  129.     See  also  Ulcers  of  rectum, 
ureters  emptying  into,  119 
uterus  emptying  into,  119 
vagina  emptying  into,  119 
valves,  113 
veins,  112 
wounds,  122 
Rectus  tendon,   advancement,  in  stra- 
bismus, 898 
shortening,  in  strabismus,  899 
Reducible  hernia,  19 
Reformed  artificial  eye,  904 
Regiment,  medical  personnel  and  equip- 
ment, 950 
Regimental  hospital,  951 
infirmary,  951 
equipment,  956  I 

Reichel's  theory  of  mechanism  of  stran- 

giilate<l  hernia,  42 
Resection  of  intestine.  722  I 

of    temporal  wall  of  orbit,  Kronlein's 
method,  907 
Retention  catheters  in  organic  stricture   | 
of  urethra.  551 
cysts  of  epididymis,  622 
of  testis,  622 
of  prostate,  381 
of  urine .513.    See  also  Urinr ,  retention. 
Retinal  changes  as  symptom  of  brain 

tumors,  940 
Retrocolic  fossa,  anatomy,  735 
Retroperitoneal  hernia,  99 

in  inferior  duodenal  fossa,  99 
in  mesenteri co-parietal  fossa,  99 
in  mesocolic  fossa.  99 
in  paraduodenal  fossa.  99 
in  superior  duodenal  fossa,  99 
VOL.  IV — 75 


Retroperitoneal  infections  from  appendi- 
citis. 749 
method  of  exposing  ureter,  260 
Rheumatoid  arthritis  and  appendicitis, 

differentiation,  768 
Richter's  hernia,  45 
Rifle,   military,   wounds-  by,   973.     See 

also  Gunshot  wounds. 
Ring's  ocular  mask,  869 
Roser's  theory  of  mechanism  of  strangu- 
lated hernia,  42 
Rubber  gloves  in  hernia  operations,  36 
Rudimentary  penis,  483 

treatment,  484 
Rupture  of  bladder,  328 
diagnosis,  329 
prognosis,  328 
sources  and  mode,  328 
symptoms,  329 
treatment,  330 
of  intestine,  640,  679 
diagnosis,  68^^ 
pathogenesis.  679 
pathology,  681 
prognosis,  685 
symptoms,  683 
treatment,  685 
of  kidney,  213 
pathology,  213 
prognosis.  216 
symptoms,  214 
treatment,  216 
of  membrana  tympani,  813 

treatment,  814 
of  sclera,  treatment,  886 
of  superficial  veins  of  penis,  479 
of  ureter,  248 

treatment,  249 

of  urethra,  504,  506 

treatment,  508 


Sac,  hernial,  19.     See  also  Hernia,  sac. 
Sacciform  kidney,  219 
Sacculated  bladder,  293 

treatment,  295 
Salpingitis,  gonorrheal,  532 
Saphenous  varix  and  hernia,  differen- 
tiation, 27 
Sarcoma,  epibulbar,  treatment,  892 
influence  of  race,  sex,  and  age  in,  1158 
of  kidney,  244 
of  penis.  485 
of  prostate.  468 
age  occurring.  469 
symptoms,  470 
treatment,  471 
varieties,  469 
of  rectum,  157 
of  small  intestine,  693 

symptoms.  694 

of  suprarenal  glands,  270 

of  testis.  26,3 

of  urethra,  521 

Scalds  in  naval  warfare,  1053 

treatment,  1056 
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Schlagintweit's  cystoscope,  281 

Schlemm's  canal,  854 

Schwartzschild's  operation  for  obturator 

hernia,  97 
Schweigger's   method    of   advancement 
of  rectus  tendon  in  strabismus, 
899 
of  ripening  cataract,  873 
Sciatic  hernia.  98 
Sclera,  operations  on,  881 
rupture,  treatment,  886 
Scleral  sinus,  854 

sulcus,  854 
Sclerosis,   fibrous,   of  cavernous  bodies 
of  penis,  482 
of  corpus  spongiosum,  482 
Sclerotic  corpuscles,  854 
Sclerotomy,  anterior,  881 

posterior,  882 
Scrotal  hernia,  54 

hypospadias,  497 
Scrotum,  anatomy  and  embryology,  588 
cancer,  600 
contusions.  598 
diseases,  598 
elephantiasis,  599 

Charles'  operation,  1120 
surgical  treatment,  1120 
erysipelas.  599 
^ngrene,  599 
mflammation,  acute,  598 
injuries,  598 
tumors,  600 
wounds,  598 
Sediments,  urinary,  179 
Segregator,  Cathelin's,  281,  282 
Harris',  280 

in  surgical  diseases  of  kidney,   193 
urine,  280 
Seminal  vesicles,  anatomy  and  embry- 
ology, 590 
calculus,  627 
diseases,  626 
inflammation,  627 
tuberculosis.  627 
Senile  cataract,  865.     See  also  Cataract, 

senile. 
Sex.    influence,    in    surgical    affections. 

1139. 
Sheath  of  prostate,  anatomy,  373 
Shell-wounds,  971 
dressing,  955 
in  naval  warfare,  1046 
large  fragments.  1048 
small  fragments,  1049 
treatment,  1049 
of  body  cavities,  972 
Ships,  hospital,  1068.     See  also  Hospital 

snips. 
Shock,  catheter,  305 
treatment,  306 
from  gun  discharges  in  naval  surgery, 

1057 
in  gunshot  wounds,  treatment.  996 
in  tropical  surgery.  1079 
in  wounds  in  naval  warfare,  1058 


Shock,  urethral,  305 
treatment,  306 
Shortening  of  rectus  tendon  in  strabis- 
mus, 899 
Shoulder- joint,  gunshot  wounds,  1015 
Shrapnel-wounds,  972 
Sideroscopes,  892 

Sigmoidopexy  in  prolapse  of  rectum,  139 
Silver  wire  in  prolapse  of  rectum,  138 
Sinus    thromoosis    complicating    otitis 

media,  843 
Skin  grafting  in  mastoid  operation.  838 
without  pedicle,  in  blepharoplasty, 
921 
Skull.     See  Cranium. 
Sliding  hernia,  23 

of  cecum,  20,  23 
Slitting  canaliculus,  922 
Sloughing  phagedena,  1131 
Snellen's  method  of  tenotomy  of  stra- 
bismus, 897 
operation  for  ectropion,  920 
Sore,  oriental,  1130 
treatment,  1131 
veld,  1132 

treatment,  1133 
Sounding  in  vesical  calculus,  342 

sources  of  error,  343 
Sounds,  introduction,  275 
lubrication,  274 
passing,  275 
sterilization,  274 
withdrawal,  278 
Sourdille's  operation  for  ptosis,  914 
Spasm,  sphincteric,  301 
Spasmodic  stricture  of  urethra,  540 
Speculum,  Gruber's  aural,  802 

rectal,  116,  117 
Spermatic   cord,   acute   hydrocele,   602 
anatomy  and  embryology,  589 
diseases  and  injuries,  600 
hematocele.  600 
hematoma,  600 
hydrocele,  604 

treatment,  610 
torsion,  in  hernia,  53 
varicocele.    610.     See    also     Vari- 
cocele. 
Spermatocele.  622 

Sphincter  ani,  stretching,  in  hemorrhoids, 
150 
of  pupil,  856 
Sphincteric  spasm,  301 
Spinal  anesthesia  in  operations  in  naval 
surgery,  1024 
cord,  gunshot  wounds,  1005 

treatment,  1007 
disease    and    prostatic    hypertrophy, 
difl'erentiation,  425 
Spine,  gunshot  wounds,  1005 
treatment,  1007 
wounds,  in  naval  warfare,  1051 
Splenic  flexure,  anatomy,  697 
carcinoma,  698 

treatment,  699 
inflammation,  697 
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Splenic  flexure,  tumors,  698 
Splint  stretcher,  1066 
Splitting  capsule  of  kidney,  257 
Stab  wouncis  of  penis,  477 
Stammering  of  bladder,  301 
Staphyloma,  operations  for,  890 
Stasis,  fecal,  in  hernia  38 
intestinal,  653 
treatment,  656 
Stauungspapille,  938 
Stenosis  of  mtestine,  647 

and  pylorus,  simultaneous,  648 
congenital,  647 
Sterilization  of  catheters  and  sounds,  274 
Stiffening,  intestinal,  708 
Stilet,  Guyon's,  429 

Stokes'      apparatus      for      transferring 
wounded  at  sea,  1072 
splint  stretcher,  1066 
Stomach,  carcinoma,  influence  of  race, 
sex,  and  age  in.  1158 
gunshot  wounds,  1011 
hernia,  95 
operations    upon,    hemorrhage    after, 

639 
ulcer,  influence  of  race  and  sex  in,  1145 
Stone-searcher,  278 
method  of  using,  279 
Posner's,  278 
Strabismus,  896 

advancement  of  rectus  tendon  in,  898 
concomitant    convergent,    operations 
for,  896 
divergent,  operations  for,  899 
latent,  operations  for,  900 
paralytic,  operations  for,  900 
shortening  of  rectus  tendon  in,  809 
tenotomy  in,  896 
Strangulated  hernia,  41 
Busch's  theory,  42 
clinical  history,  44 
complications,  49 
diagnosis,  28,  45 
differential,  45 
etiology,  41 
gangrenous,  treatment,  50 

formation  of  artificial  anus,  51 
method  of  operation.  52 
primary  resection,  52 
hydrocele  and,  differentiation,  45 
in  infants,  49 
inflamed  hernia  and,  differentiation, 

45 
Kocher*s  theory,  42 
Lossen's  theory,  42 
mechanism,  42 
obstructed  hernia  and,  differentia^ 

tion,  45 
of  omentum,  46 
partial,  46 

pathologic  anatomy,  43 
prognosis,  49 
reduction  en  bloc,  48 
Reichel's  theory,  42 
Roser's  theory,  42 
symptoms,  44 


Strangulated  hernia,  taxis,  47 
dangers,  48 
treatment,  46 
operative,  48 
methods,  48 
mortality  from,  50 
taxis,  47 
Strangulation  of  intestine,  643,  664 

influence  of  race,  age,  and  sex  in, 
1144 
of  Meckel's  diverticulum,  658 
of  penis,  479 
Stretcher,  apron,  1064 

splint,  1066 
Stretchers  in  naval  surgery,  1062 

necessary  features,  1063 
Stricture,  bridle,  of  urethra,  540,  543 
of  rectum,  132 

treatment,  133 
of  ure>thra,  539 
acquired,  540 
annular,  541 
bridle.  540,  543 
buttonhole  operation,  570 
centric,  541 
cicatricial,  541 
Cock's  operation,  576 
complete,  541 
complications,  543 
congenital,  540 
diagnosis,  545 
dilatation,  continuous,  555 
with  filiform  bougie,  556 
gradual,  552 

with  filiform  bougie,  553 
modified  rapid,  556 
instruments,  557 
operation,  558 
divulsion,  560 
eccentric,  541 
electrolysis  in,  579 
etiology,  541 
impermeable,  541 
indurated,  541 
inflammatory,  540 
irritable,  541 
large  caliber,  541 

rual  dilatation  in,  553 
.  541 
operation  for,  552 
organic,  540 

false  passage  from  instrumenta- 
tion, treatment,  552 
meatotomy  in,  550 
retention  catheters  in,  551 
treatment,  548 
anesthesia  in,  551 
general  considerations,  548 
partial  urethrectomy,  579 
pathology,  541 
perineal  puncture  of  membranous 

urethra,  570 
permeable,  541 
recent,  541 
recurring,  541 
resilient,  541 


1188 


INDEX. 


Stricture  of  urethra,  small  caliber,  541 
soft,  541 
spasmodic,  540 

suprapubic   cystotomy  with   retro- 
grade catheterism,  577 
symptoms,  544 
total  urethrectomy,  579 
urethral     retrograde     catheterism, 

576 
urethrectomy,  579 
urethrotomy,  560.     See  aUo    Ure- 
throtomy. 
varieties,  540 
White's  scale  in,  545 
Stripping  urethra  in  gonorrheal  urethritis 

in  female,  531 
Subcecal  fossa,  anatomy,  735 
Subparietal  injuries  of  kidney,  213 
Subphrenic    abscess    complicating    ap- 
pendicitis, 748 
Suction  operation  for  congenital  or  soft 

cataract,  876 
Sugar  in  urine,  178 
Supernumerary  bladder,  293 
kidneys,  201 
testicle,  598 
Supply    depot,    advanced    medical,    in 

military  surgery,  957 
Suppurating  perinephritis,  209 
prognosis.  212 
symptoms,  210 
treatment,  212 
Suppuration    complicating    wounds    in 
naval  warfare,  1060 
of  kidney,  224 
pathology,  225 
symptoms,  226 
treatment,  227 
Suppurative  cystitis,  310 
Suprachoroidiu  membrane,  857 
Suprapubic  cystotomy  with   retrograde 
catheterism,  in  stricture  of  urethra, 
577 
lithotomy,  366 

accidents  and  complications,  370 
after-treatment       of       suprapubic 

wound,  369 
in  female,  371 
technic,  367 
prostatectomy  for  cancer,  463 
for  hypertrophy,  432 
Suprarenal  glands,  abscess,  270 
absence,  269 
adenoma,  270 
anatomy,  269 
carcinoma,  270 
cysts,  270 
glioma.  270 
hypernephroma,  270 
sarcoma,  270 
surgery,  183.  269 
tuberculosis.  269 
treatment,  270 
tumors,  270 
treatment,  271 
Supravaginal  lymph-space,  851 


Surgical  diseases,  examination  of  urine 
in  relation  to,  168 
influence  of  race,  sex,  and  age  in, 

1139 
of  tropics,  1085 
kidney,  224 

tuberculosis,  influence  of  race,  sex,  and 
age  in,  1153 
Suspensory  ligament  of  eyeball,  851 
Suture,  Connell's,  of  intestine,  715 
Cushing's,  of  intestine,  715 
Czemy  s,  of  intestine,  713 
Halsted's,  of  intestine,  715 
Lembert's,  of  intestine,  714 
material  in  hernia  operations,  36 
of  intestine,  713 

purse-string,  for  femoral  hernia,  75 
Suturing  eyelids.  917 
Symblepharon,  operations  for,  88 

Teale^s  operation,  888 
Sympathetic  ophthalmitis  from  injury, 
887 
treatment,  887 
Syphilis  in  tropics.  1083 
of  epididymis,  621 
of  kidney,  233 
of  testis,  621 
Syphilitic  ulcers  of  anus  and  rectum,  131 
Szymanowski's  operation  for  fistula  of 
urethra,  582 


Tabes  dorsalis  and  appendicitis,  differ- 
entiation, 768 
Tansley-Hunt  operation  for  ptosis,  913 
Tarsal  cartilages,  858 
Tarsorrhaphy,  917 

angular,  917 

lateral,  917 

median,  917 
Tattooing  cornea,  892 
Taxis  in  strangulated  hernia,  47 

dangers,  48 
Teale's  operation  for  symblepharon,  888 
Tear  passages,  operations  on,  922 
Tendon,  rectus  advancement  of,  in  stra- 
bismus, 898 
shortening  of,   in   strabismus,   899 
Tenesmus,  rectal,  113 
Tenon's  capsule,  851 

space,  851 
Tenotomy  in  strabismus,  896 
Teratoma  of  testis,  624 
Te-st,  Cammidge's,  181 

for  glycosuria,  173 

Opic's  ethylbutyrate,  182 

phlorizin,  173,  175 
Testicle,  abnormal  movability,  615 

absence,  598 

anatomy  and  embryology,  589 

carcinoma,  624 

dermoid  cysts,  624 

descent,  591 

dislocation,  615 

inflammation,  acute,  616 
treatment,  617 
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Testicle,  inflammation^  chronic,  619 
injuries,  615 
misplaced,  592 

Bevan's  operation,  594 
retention  cysts,  622 
sarcoma,  623 
supernumerary,  598 
syphilis,  621 
teratoma,  624 
torsion,  615 
tuberculosis,  619 
treatment,  620 
tumors,  623 
undescended,  592 

Bevan's  operation,  594 
Tetanus  comphcating  gunshot  wounds, 
992 
wounds  in  naval  surgery,  1061 
influence  of  race,  sex,  and  age  in,  1159 
Thamuria  in  surgical  diseases  of  kidneys, 

190 
Thiersch's   method   of  restoring  penile 
urethra,  499 
operation  for  epispadias,  499,  502 
treatment  of  prolapse  of  rectum,  138 
Thompson's  dilator  as  guide  in  external 

perineal  urethrotomy,  568 
Thrombosis  of  mesenteric  vessels  and 
appendicitis,  differentiation,  769 
sinus,  complicating  otitis  media,  843 
Tlirombotic  hemorrhoid,  142 
Todd's  method  of  advancement  of  rectus 

tendon  in  strabismus,  899 
Torek's  operation  for  appendicitis  com- 
plicated with  inguinal  hernia,  80 
Torsion  of  omentum,  630 
in  hernia,  52 
of  spermatic  cord  in  hernia,  53 
of  testis,  615 
Trachoma,  gratta^  operation,  892 
Knapp's  operation,  891 
operations  for,  891 
Tractor,  Young's  prostatic,  442 
Transformation,  fibrous,  of  penis,  482 
treatment,  483 
osseous,  of  penis,  482 
treatment,  483 
Transperitoneal    method    of    exposing 

ureter,  261 
Transportation  board  in  naval  surgery, 
1062 
of  patients  in  field,  956 
.    of  wounded  after  naval  engagement, 
1062 
in  naval  engagement,  1041 
to  hospital  ship,  1072 
Traumatic     cataract,     operations     and 

treatment,  876 
Trichiasis,  Hotz's  operation,  915 

operations  for,  915 
Tropical  abscess  of  liver,  1109.     See  also 
Abscess  of  liver  y  tropiccU. 
chancroid,  1083 
diabetes,  1084 
diseases,  1075 
surgical,  1085 


Tropical  dysentery,  1101.    See  also  Dys- 
entery j  tropical. 
surgery,  anemia  complicating,  1080 
anesthetics,  1084 
beri-beri  complicating,  1083 
food    and    habits    of    natives    and 

Europeans,  1078 
^neral  conditions  affecting,  1075 
influence  of  climate,  1076 
instruments,  1084 
malaria  complicating,  1081 
opium  habit  complicating,  1082 
shock  in,  1079 
time  of  operation,  1085 
wound  infection,  1080 
syphilis,  1083 
tuoerculosis,  1083 
tumors,  1084 
ulcers,  1129 
j  Truss,  frame,  31 
!       French ,  for  femoral  hernia,  3 1 ,  32 

Knight,  31,  32 
I  Tuberculosis  in  tropics,  1083 
of  bladder,  316 
diagnosis,  318 
symptoms  and  signs,  317 
treatment,  318 
of  cecum,  702 
and  appendicitis, differentiation,  767 
diagnosis,  706 
etiology,  703 

Mikulicz's  treatment,  709 
morbid  anatomy,  703 
results  of  operation,  779 
I  symptoms,  704 

!  treatment,  707 

I       of  Cowper's  glands,  539 
of  epididymis,  619 
treatment,  620 
I       of  kidney,  228 
i  etiology,  228 

pathology,  229 
symptoms,  230 
treatment,  231 
of  prostate,  401 
aiagnosis,  404 
pathology,  402 
symptoms,  403 
treatment,  405 
of  seminal  vesicles,  627 
of  suprarenal  glands.  269 

treatment,  270 
of  testis,  619 

treatment,  620 
of  urethra,  519 

treatment,  520 
of  vermiform  appendix,  761 
complications,  763 
frenuency,  761 
patholo^.  761 
prognosis,  763 
results  of  operation,  779 
symptoms,  762 
surgical,  influence  of  race,  age,  and  sex 
in,  1153 
Tuberculous  hernia,  53 
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Tuberculous  ulcers  of  anus  and  rectum, 

130 
Tumors,  benign,  influence  of  race,  age, 

and  sex  in,  1153 
blood,  of  auricle,  807 
in  tropics,  1084 

influence  of  race,  age,  and  sex  in,  1153 
malignant,  influence  of  race,  sex,  and 

age  in,  1154 
of  anus,  150 

benign,  152 

connective-tissue,  157 

epithelial  group,  154 

malignant,  154 

treatment,  158 
of  auditory  meatus,  external,  malig- 
nant, 809 
of  auricle,  benign,  807 

malignant,  809 
of  bladder,  321 

classification,  321 

diagnosis,  322 

extirpation  of  bladder,  324 

local  characteristics,  321 

prognosis,  323 

symptoms,  322 

treatment,  323 

x-rays  in  treatment,  325 
of  brain,  choked  disc  as  symptom,  937 

eyeground  as  means  of  diagnosis, 
937 

optic  nerve  atrophy  as  symptom, 
940 
neuritis  as  symptom,  937 

papillitis  as  symptom,  737 

retinal  changes  as  symptom,  940 

temporary  amaurosis  in,  941 

visual  acuteness  as  symptom,  941 
of  cornea,  treatment,  892 
of  Cowper's  glands,  539 
of    kidney,    243.     See    also    Kidney, 

tumors. 
of  orbit,  removal,  906 
of  pelvis  of  kidney,  247 
of  penis,  484 
of  rectum,  150 

abdominal  operation,  165 

amputation  of  rectum,  160 

benign,  152 

coccygeal  operation,  163 

connective-tissue,  157 

epithelial  group,  154 

malignant,  154 

operation  for,  160 

perineal  operation,  162 

sacral  operation,  163 

treatment,  158 

vaginal  operation,  161 
of  scrotum,  600 
of  splenic  flexure,  698 
of  suprarenal  glands,  270 

treatment,  271 
of  testicle,  623 
of  ureter,  253 
of  urethra,  521 
papillitis,  938 


Tunica  albuginea,  589 
vaginalis,  anatomy,  589 
chronic  inflammation,  602.    See  also 

Hydrocele  cf  tunica  vagincUis. 
diseases  and  mjuries,  60O 
hematocele,  600 
hematoma,  600 

hydrocele,  602.     See  also  Hydrocele 
of  tunica  vaginalis. 
Tuttle's  operation  for  fistula  of  urethra^ 

586 
Tympanic  attic,  799 

vault,  799 
Typhlitis,  727.     See  also  AppendiciHs. 
Typhoid  fever,  perforation  m,  690 
appendicitis,  760 
diagnosis,  769 
treatment,  760 
ulcer,  perforating,  691 


Ulcerative  cystitis,  310 
Ulcers,  endemic,  of  tropics,  1129 
gastric,  influence  of  race  and  sex  in,. 

1145 
of  anus,  129 
amebic,  130 
dysenteric,  129 
malignant,  131 

treatment,  132 
syphilitic,  131 
tuberculous,  130 
of  bladder,  simple,  310 
of  cornea,  operative  treatment,  884 
of  duodenum,  686 
I>erf orated,  686 
of  jejunum,  693 

of  pylorus  and  appendicitis,  differen- 
tiation, 771 
of  rectum,  129 
amebic,  130 
dysenteric,  129 
malignant,  131 

treatment,  132 
syphilitic,  131 
tuberculous,  130 
typhoid,  perforating,  691 
Zambesi,  1131 
Umbilical  cord,  hernia,  82 
hernia,  82 
in  adults,  85 

accidents  and  dangers  connected! 

with,  87 
diagnosis,  86 
in  children,  84 

mechanical  treatment,  32 
treatment,  83,  87 
mechanical,  87 
operative,  87 

Blake's  method.  90 
eraser's  method,  90 
Mayo's  method,  88 
prognosis,  84 
Umbilicus,  fecal  opening  at,  119 
Umbo,  803 
Undescended  testicle,  592 
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Undescended  testicle,  Bevan's  operation, 

594 
Urea  in  urine,  estimation,  171 
Ureter,  calculus  in,  233,  250 

and  appendicitis,  differentiation, 768 
treatment,  252 
catheterization,  288 
difficulties  and  impediments,  292 
in  female,  290 

in  surgical  diseases  of  kidney,  193 
diseases,  248 

emptying  into  rectum,  119 
exposing,  methods,  260 

retroperitoneal  method,  260 
transperitoneal  method,  261 
hernia,  80 
implantation,  265 
mto  bladder,  265 
into  intestine,  267 
into  renal  pelvis,  265 
lateral.  262 

Van  Hook's  method,  264 
injuries,  248 

treatment,  249 
malformations,  203 
operations  on,  260 
rupture,  248 

treatment,  249 
surgery,  183 

topographic  anatomy,  187 
tumors,  253 
wounds,  248,  249 
Ureterectomy,  263 
Ureteritis,  250 

and  appendicitis,  differentiation,  768 
Uretero-anafitomosis,  262 

invagination  method,  264 
Ureterocystostomy,  265 
Uretero-enterostomy,  267 
Uretero-lithotomy,  261 
Ureterorrhaphy,  262 
Urethra,  anatomy,  473 
calculus  in,  512 
carcinoma,  521 
congested  patches,  494 
contusions,  504 

treatment,  505 
fistula,  580.     See  also  Fistula  of  ure- 
thra. 
foreign  bodies  in,  509 

treatment,  510 
gonorrhea,  in  female,  531 

treatment,  533 
granular  patch,  495 
punshot  wounds,  1013 
inflanunation,  521 .    See  also  Urethritis, 
injuries,  504 
leneth,  473 
malformations,  497 
membranous,  474 
perineal   puncture,   in  stricture  of 
urethra,  570 
nacreous  patches,  495,  523 
papilloma,  521 
penile,  474 
Thiersch's  method  of  restoring,  499 


Urethra,  prostatic,  474 
rupture,  504,  506 
treatment,  508 
sarcoma,  521 
stricture,  539.     See  also  Stnuiure  of 

urethra. 
stripping,  in  gonorrheal  urethritis  in 

female,  531 
surgery,  494 
tuberculosis,  519 
treatment,  520 
tumors,  521 

wounds,    504.     See   also    Wounds   of 
urethra. 
Urethral  fever,  305 
treatment,  306 
retrograde  catheterism,  576 
shock,  305 

treatment,  306 
tablet  depositor,  Lewis',  287 
Urethrectomy  in  stricture  of  urethra,  579 
partial,  in  stricture  of  urethra,  579 
total,  in  stricture  of  urethra,  579 
Urethritis,  521 

acute  posterior,  524 

relative  incontinence  of  urine  in, 

525 
severe,  treatment,  528 
anteroposterior,  521 
chronic  anterior,  528 
posterior,  529 
treatment,  529 
concomitant,  521 
glandular,  523 

gonorrheal,  acute  anterior,  253 
in  female,  531 
treatment,  533 
irritative,  522 

specific,  521,  522.     See  also  Gonorrhea^ 
Urethropenile  fistula,  580 
Urethroperineal  fistula,  580,  583 
symptoms,  583 
treatment,  584 
Urethroperineorectal  fistula,  584 
symptoms,  585 
treatment,  585 
Urethrorectal  fistula,  580,  584 
symptoms,  585 
treatment,  585 
Urethrorrhaphy  in  fistula,  581 
Urethroscope,  494 
Urethroscopy,  494 
Urethroscrotal  fistula,  580,  583 
symptoms,  583 
treatment,  584 
Urethrotome,  Gross,  562 

Otis,  562 
Urethrotomy,  external  and  internal  com- 
bined, 565 
perineal,  565 
for  stricture  permeable  only  by" 

a  filiform,  570 
Horwitz's  method,  574 
technic,  565 

Wheelhouse's  operation,  573 
with  guide,  567 
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Urethrotomy,  external    perineal,    with 
Thompson  dilator  as  guide,  568 
without  a  guide,  572 

for  traumatic  stricture  and 
rupture,  576 
internal,  660 

after-treatment,  561 
and  external  combined,  565 
for  impermeable  stricture  of  ante- 
rior urethra,  563 
for  strictures  of  large  caliber,  561 
of  small  caliber,  563 

in  deep  urethra,  564 
Urinary  abscess,  507 
Urine,  acetone  in,  180 
albumin  in,  177 
blood  in,  178 

in  surgical  diseases  of  kidney,  191 
yj-oxy butyric  acid  in,  180 
chlorids  in,  estimation,  172 
cryoscopy,  172 

in  surgical  diseases  of  kidney,  194 
diacetic  acid  in,  180 
dififerentiation,  279 
disturbances,  299 

examination,  in  relation  to  surgical  ' 
diseases,  168  j 

in  surgical  diseases  of  kidneys,  190 
excretion    of    abnormal    substances, 

testing,  173 
extravasation,  506 

treatment,  508 
formed  elements  in,  179 
incontinence,  303 
indican  in,  180 
nitrogen  in,  estimation,  171 
quantity    excreted,    in    twenty-four 

hours,  177 
relative  incontinence,  in  acute  posterior 

urethritis,  525 
retention,  299,  513 
acute,  symptoms,  514 
associated  with  fibroid  thickening  of 
prostatic  isthmus,  treatment,  518 
causes,  300 

chronic,  symptoms,  514,  515  | 

from  coagulation  of  blood  in  bladder,  < 
treatment,  518  I 

from    impassable    stricture,    treat- 
ment, 518  I 
from  prostatic  hypertrophy,  treat- 
ment, 517 
from  vesical  calculi  or  tumors,  treat- 
ment, 518 
hysteric,  514 
paralytic,  514 
symptoms,  302 
treatment,  302,  515 
sediments  in,  179 
segregators,  280 
sugar  in,  178 

tests,  for  pancreatic  disease,  181 
urea  in,  estimation,  171 
Uterus,  carcinoma,  influence  of  race,  sex, 
and  age  in,  1157 
emptying  into  rectum,  119 


Uterus,  gonorrhea,  532 
treatment,  534 
hernia,  81 
treatment,  82 


Vagina  emptying  into  rectum,  119 
Vaginal  hernia,  107 

lithotomy,  371 
Vaginitis,  gonorrheal,  533 

treatment,  535 
Valves,  Houston's,  113 

of  rectum,  113 
Varicocele,  610 

and  hernia,  differentiation,  27 
Bevan's  operation,  613 
diagnosis,  611 

influence  of  race  and  age  in,  1150 
treatment,  612 
operative,  612 
Varicose  aneurism  from  gunshot  wounds, 
980 
veins,  influence  of  race,  age,  and  sex  in, 
1149 
Varix,  aneurismal,  from  gunshot  wounds, 
980 
saphenous,  and  hernia,  differentiation, 
27 
Vasa  efferentia,  589 
Vascular  complications  of  appendicitis, 

749 
Vein,  dorsal,  of  penis,  ligation,  490 
Veins,  hemorrhoidal,  112 
of  prostate,  376 
of  rectum,  112 

superficial,  of  penis,  rupture,  479 
varicose,  influence  of  race,  sex,  and  age 
in,  1149 
Veld  sore,  1132 

treatment,  1133 
Ventral  hernia,  90 

following  laparotomy,  92 

treatment,  93 
lipoma  and,  differentiation,  91 
symptoms,  91 
treatment,  91 
Vermiform  appendix,  actinomycosis,  760 
anatomy,  729 
arteries,  731 
calculi  in,  as  cause  of  appendicitis, 

742 
foreign  bodies  in,  as  cause  of  appen- 
dicitis, 742 
hernia,  78 
etiology,  79 
treatment,  79 
lymphatics,  732 
lymphoid  tissue,  733 
mucosa,  733 
nerves,  732 
serosa,  733 
structure,  733 
submucosa,  733 
surface  landmarks,  733 
surgery,  727 
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Vermiform  appendix,  tuberculosis,  761. 
See  also  Tuberculosis  of  vermiform 
appendix, 
veins,  732 
Vesicoprostatic  plexus,  112 
Vessie  f^ale,  377 
Vienna  method  of  enucleation  of  eyeball, 

901 
Visual  acuteness  as  symptom  of  brain 

tumors,  941 
Vitreous,  858 

membrane.  857 
Volvulus,  666 

after  operation  for  appendicitis,  790 
influence  of  race,  age,  and  sex  in,  1144 
Vulva,  gonorrhea,  532 

treatment,  534 

Vulvitis,  gonorrheal,  532 

treatment,  534 


Wandering  kidney,  204 
etiology,  205 

symptoms  and  diagnosis,  206 
treatment,  207 
Wax  injection  for  fistula  in  ano,  127 
Webbed  penis,  483 

Wheelhouse*8  method  cf  external  ure- 
throtomy, 573 
Wliite  line,  Hilton's.  113 
Whitehead's  operation  for  hemorrhoids, 

148 
White's  scale  in  stricture  of  urethra,  545 
Wilder's  operation  for  ptosis,  914 
Winslow,  foramen  of,  hernia  through, 103 

treatment,  104 
Worth's  method  of  advancement  of  rec- 
tus tendon  in  strabismus,  899 
Wounded,  disposition,  in  naval  engage- 
ment, 1038 
transportation,    after    naval    engage- 
ment, 1062 
in  naval  engagement,  1041 
to  hospital  ship,  1072 
Wounds  by  artillery  projectiles,  970 
by  firearms,    970.     See   also   Gunshot 

wounds. 
by  military  rifle,  973.     See  also  Gun- 
shot wounds. 
canister-,  973 

corneoscleral,  treatment,  885 
flesh,  of  cranial  region,  in  war,  1000 
gunshot.  970.   See  also  Gunshot  wounds. 
in  naval  warfare,  1043 
cause,  1044 
complications,  1060 
considerations  affecting  ultimate 

outcome,  1061 
erysipelas  complicating,  1061 
gangrene  complicating,  1061 
general  considerations,  1043 
hemorrhage  in,  1085 

treatment,  1059  | 

inflicted  by  shells,  1046.    See  also  I 
Shell-wounds. 


Wounds  in  naval  warfare,  nature,  1043 
prognosis,  1060 
shock  in,  1058 

suppuration  complicating,  1060 
tetanus  complicating,  1061 
in  war  by  cutting  instruments,  967 

by  hand  weapons,  966,  967 

by  miscellaneous  destructives,  969 

by  small  arms,  973.     See  also  Gun- 
shot wounds. 

by  striking  weapons,  967 

by  thrusting  instruments,  968 

treatment,  965 
infection,  in  tropical  surgery,  1080 
of  abdomen  by  nand  weapons,  in  war, 

969 
of  anus,  122 
of  bladder,  328.     See  also  Rupture  of 

bladder. 
of  body  regions  in  war,  999 
of  chest  by  hand  weapons,  in  war,  969 
of  conjunctiva,  treatment,  885 
of  cornea,  treatment,  885 
of  cranial  region  in  war,  1000 
of  cranium  by  hand  weapons,  in  war, 
968 

in  naval  warfare,  1050 
of  ear  in  naval  warfare,  1052 
of  extremities  in  naval  warfare,  1051 
of  eye  in  naval  warfare,  1052 
of  kidney,  212,  217 

gunshot,  218 
treatment,  219 

incised,  218 

Dunctured,  218 
of  lower  extremity  in  naval  warfare, 

1052 
of  mesentery,  633 
of  penis,  477 

contused,  477 

gunshot,  477 

incised,  477 

lacerated,  477 

punctured,  477 

stab,  477 
of  prostate,  382 

treatment,  383 
of  rectum,  122 
of  scrotum,  598 
of  spine  in  naval  warfare,  1051 
of  upper  extremity  in  naval  warfare, 

1052 
of  ureter,  248.  249 
of  urethra,  504 

gunshot,  504 

incised,  504 

punctured,  504 

subcutaneous  ^ontused,  504 

treatment,  505 
regional,  in  naval  warfare,  1050 
shell-,  971 

in  naval  warfare,   1046.     See  also 
Shell-wounds. 

of  body  cavities,  972 
shrapnel,  972 
Wrist ,  gunshot  wounds,  1015 


1194 
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X-RAYS  in  surgical  diseases  of  kidney, 
196 
in  tumors  of  bladder,  325 


Yaws,  1133 
course,  1134 
symptoms,  1134 
treatment,  1135 
Young's  modification  of  Freudenberg's 
instrument    for    prostatotomy    by 
galvanocautery,  430 
operation  for  cancer  of  prostate,  465 
results,  468 
for  prostatic  hypertrophy,  439 
closure,  446 

continuous  irrigation,  447 
cutaneous  incision,  439 
enucleation  of  lateral  lobes,  443 
of  middle  lobe  443 


Young's  operation  for  prostatic  exposure 
of  membranous  urethra,  440 
incision  of  capsule,  442 
infusions,  449 
insertion  of  finger  into  bladder, 

444 
instrumentation,  450 
management  of  wound,  449 
mortiuity,  452 
outdoor  treatment,  449 
position  of  patient,  439 
removal  of  calculus,  446 
results,  450 
stay  in  hospital,  450 
prostatic  tractor,  442 

Zambesi  ulcer,  1131 
^  Ziegler's  iridotomy,  876 
Zonular  cataract,  875 
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